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market. In recent years electrofuels have been put forward as one possible solution for 

emissions reductions in transport sector [1-4]. 

Electrofuels are carbon-based fuels produced from carbon dioxide (CO2) and water, with 

electricity as the primary source of energy [5]. Electrofuels are also known as power-to-

gas/liquids/fuels, e-fuels, or synthetic fuels. Electrofuels are produced by mixing hydrogen and 

CO2 in a synthesis reactor to form energy carriers. A range of liquid and gaseous fuels, including 

gasoline and diesel, can be produced. The production process also generates marketable by-

products, namely high-purity oxygen and heat. Electrofuels are potentially of interest for all 

transport modes; some can be used in combustion engines and may not require significant 

investments in new infrastructure. Thus, if produced from renewable electricity and CO2 from 

either sustainable biomass or air capture, electrofuels could be a carbon neutral alternative that 

enables the use of already made investments. 

In addition to representing a possible future option for transport fuels, electrofuels may allow 

other system related benefits. Recent years have seen large reductions in solar and wind power 

costs making them in some cases even competitive with conventional technologies. These cost 

reductions as well as concerns for climate and energy security make a significant share of 

variable renewables (vRE) rather a standard in future energy system scenarios than an extreme 

case. However, since the supply from wind and solar technologies is variable on both short- 

and long-term, it challenges the operation of the current power system. 

In the traditional electricity system, different power plants are available most of the time and 

can be dispatched based on their running cost. The outputs of wind and solar PV, however, are 

highly dependent on availability of wind and solar radiation which can vary greatly over both 

short and long time scales (daily and seasonal variations) and are not well predictable over long 

time periods. Yet wind and solar technologies tend to be employed when available due to near 

zero running costs. While having some amount of solar power in the system can help balancing 

higher daytime demand, employing large amounts of intermittent renewables quickly starts to 

reduce the intermediate and baseload available for other plants and thus also their running times 

and profitability. The effect on the other plants also depends on the amount of intermittent 
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(FSU), Latin America (LAM) , Africa (AFR), the Middle East (MEA), South Asia (SAS) and 

non-OECD Pacific Asia (PAS).  

The current version of GET has several categories of solar and wind power: PV rooftop, PV 

plant A, PV plant B, concentrated solar power (CSP) with storage A, CSP with storage B, 

onshore wind A, onshore wind B and offshore wind. The A-versions of each technology have 

direct access to the electricity grid, whereas the B-versions are available at larger distances from 

demand and therefore require additional transmission investments; the additional cost is based 

on [17]. All of these eight types of solar and wind power have five resource classes each.  

Three further developments of the model were done for this study. First, to analyse the potential 

of electrofuels, capturing intermittency and its connection to hydrogen production is important. 

To capture that connection hydrogen production was sliced in accordance to the variable 

renewable based slices making the model able to see differences in electricity prices. Secondly, 

producing electrofuels also requires CO2. Therefore, the carbon cycle in the model was 

modified to separate carbon capture from carbon storage and enable reuse of captured carbon 

(see figure 1). The possibility to capture CO2 from air was added to the model. Thirdly, the 

transport sector in the model were updated increasing the possibility for electric vehicles and 

improving the representation of the shipping sector based on Taljegard et al. [18].  
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Figure 1. Carbon flows in the GET model 
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2.2. DATA AND SCENARIOS 
Data 
Based on previous literature review conducted by Brynolf et al. [1] the cost of the electrolyser 

and price of electricity are seen as major determinants of the cost of electrofuels. Electricity 

price and load factors for electrolysers are determined endogenously by the model based on the 

total system cost minimisation.  We introduce variations in the electricity price by analysing 

different scenarios limiting or advancing certain technology options but do not set the price 

implicitly. We use costs presented in table 1 as our base costs. In this study we use methanol as 

a proxy for all electrofuels, since it is the cheapest liquid electrofuel to produce. If methanol 

proves to be a cost-effective option, more specific analysis can be carried out, otherwise no 

other electrofuel would enter the system either.  

Table 1. Investment costs for relevant technologies in the model  

Technology Starting cost per 
kW ($ 2010) 

Mature cost per 
kW ($ 2010) Efficiency 

Coal PP 1800 1800 45% 
Coal with CCS 3000 2500 35% 
Gas turbine 800 800 55% 
Gas with CCS 2000 1500 45% 
Concentrated solar power 
(CSP) + storage A 7000 4500 N/A 

Light water reactor (LWR) 7000 5000 33% 
Wind onshore A 2000 1500 N/A 
Wind offshore 5000 3000 N/A 
Solar PV rooftop 4000 1600 N/A 
Solar PV plant A 3700 1250 N/A 
Storage 12h 1800 1800 80% 
Storage 24h 2900 2900 80% 
Storage 48h 5100 5100 80% 
Storage 96h 9500 9500 80% 
Electrolyser 1300 500 80% 
Synthesis reactor 625 375 89% 
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between 0 and 2000 Gtonne CO2 and the cost of electrolyser between 300 and 1300 

USD2010/kW hydrogen produced. More analysis will be performed in the future. 

3. RESULTS 
Scenario results 
Since electrofuels production consists of several steps, we look at hydrogen production from 

electricity, methanol production from hydrogen and finally to estimate the potential use of 

electrofuels in transport sector we look at methanol in transport while considering also the 

previous steps. Both methanol and hydrogen are products that can be produced from many 

different feedstock and used in several applications thus it is not possible to say that hydrogen 

produced from electricity would be used for methanol production but making that assumption 

would give us the upper limit for possible electrofuel use.  

From our preliminary results, we see that very little hydrogen is produced from electricity 

before 2060, except in no storage and vRE case where production picks up a decade earlier. 

This is due to other balancing options that are available in the system such as flexible gas 

generation, hydro power plants and short-term storage. Some electricity is curtailed but the time 

period of this happening is too short to make it worthwhile to invest into electrolyser. However, 

at the end of the century when emissions trajectory is more stringent and the share of vRE 

increases in the system, gas can no longer be used for balancing the system. Also, the amount 

of hours with over production will increase, making it profitable to produce hydrogen instead 

of curtailing. All scenarios see some production by 2070 but the level is significantly higher if 

no carbon storage is allowed (figure 2). 
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Figure 2. Hydrogen production from electricity by 2070 in different scenarios. 

A similar pattern can be seen in methanol production from hydrogen, but cheap vRE has a much 

more limited effect in this case, as it is cheaper to use hydrogen directly instead of converting 

it to methanol and thus some of the hydrogen gets absorbed (figure 3). 

 

Figure 3. Methanol production from hydrogen by 2070 in different scenarios. 
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Electrofuels do not enter the solution in significant amount in any other scenario but in no 

carbon storage case where they reach 19EJ by 2070 making up about 10% of the global 

transport energy demand (figure 4). 

 

Figure 4. Potential electrofuels production by 2070 in different scenarios. 

We also compare the marginal cost of carbon in different scenarios. Again, the scenario with 

no carbon storage stands out with much higher marginal cost but vRE case has reduced carbon 

cost compared to base case (figure 5). We can conclude that much high carbon prices are needed 

to make electrofuels cost-effective. 
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Figure 5. Marginal cost of carbon by 2070 in different scenarios. 

The regional distribution of electrofuel potential in no storage case is presented in figure 6. As 

can be seen, electrofuels have a potential in almost all regions except Pacific OECD but on very 

different levels with the main potential in Asia (CPA, SAS, PAS) with ca 14 EJ combined by 

2070 out of global 19EJ. 

 

Figure 6. Regional distribution of electro-fuels in no carbon storage scenario at 2070. 
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We also find that without specific target shipping and aviation will continue to use petrol based 

fuels and mitigation will take place in other sectors compensating for the emissions created in 

shipping and aviation.  

Monte Carlo analysis results 
Our results show that there is no correlation between the cost of electrolyser and the potential 

amount of electrofuels in the system but a very strong correlation between carbon storage 

availability and electrofuels potential (Figure 7 and 8). 

 

Figure 7. Regional distribution of electro-fuels in no carbon storage scenario at 2070. 
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