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A B S T R A C T   

The ecological transition in the transport sector is a major challenge to tackle environmental pollution, and 
European legislation will mandate zero-emission new cars from 2035. To reduce the impact of petrol and diesel 
vehicles, much emphasis is being placed on the potential use of synthetic fuels, including electrofuels (e-fuels). 
This research aims to examine a levelised cost (LCO) analysis of e-fuel production where the energy source is 
renewable. The energy used in the process is expected to come from a photovoltaic plant and the other steps 
required to produce e-fuel: direct air capture, electrolysis and Fischer-Tropsch process. The results showed that 
the LCOe-fuel in the baseline scenario is around 3.1 €/l, and this value is mainly influenced by the energy 
production component followed by the hydrogen one. Sensitivity, scenario and risk analyses are also conducted 
to evaluate alternative scenarios, and it emerges that in 84% of the cases, LCOe-fuel ranges between 2.8 €/l and 
3.4 €/l. The findings show that the current cost is not competitive with fossil fuels, yet the development of e-fuels 
supports environmental protection. The concept of pragmatic sustainability, incentive policies, technology 
development, industrial symbiosis, economies of scale and learning economies can reduce this cost by supporting 
the decarbonization of the transport sector.   

1. Introduction 

For the past three decades, sustainability has been one of the most 
relevant issues in the economic, industrial, ethical, social, and political 
spheres (Sachs, 2015). Development goals do not always combine the 
three dimensions of sustainability (Foong et al., 2022), and a pragmatic 
view can counteract civil society issues (Ali et al., 2023). Technological 
innovation and sustainable policy decisions aim to avoid environmental 
decay and depletion (Awosusi et al., 2022). Decarbonization, i.e., 
reducing the use of coal (as well as oil) and all its derivatives to mitigate 
the input of carbon dioxide (CO2) into the atmosphere, the main cause of 
global warming, plays a key role among these goals (Gota et al., 2019; 
Linton et al., 2021). The actions put in place are manifold as the 
objective is also to meet the needs of citizens and businesses by identi-
fying a correct balance of resources. Strategies for reshoring (Fernán-
dez-Miguel et al., 2022), digitisation and circularity (Vacchi et al., 
2021), a vision of ecosystems (Li et al., 2022), energy efficiency (Li et al., 

2022), renewable energy (Wang et al., 2023), optimising the use of raw 
materials (Núñez-Delgado et al., 2023) and other aspects of sustainable 
development are highlighted (Mohaddes Khorassani et al., 2019). 
Achieving a sustainable low-carbon environment is the goal to 
contribute to climate change (Kokkinos et al., 2020; Moustakas et al., 
2020). 

Globally, it denotes that emissions have increased ruinously over the 
years despite the efforts to make certain sectors as sustainable as 
possible. According to data reported by the European Environment 
Agency (2022), if one identifies the most polluting sectors, the first by 
percentage turns out to be energy, with as much as 77.1% of greenhouse 
gas emissions, only a third of this percentage is attributable to transport 
(25.7%). It is interesting to note that road transport is the most impactful 
within the transport sector, with a 71.7% share, of which 61% is asso-
ciated with automobiles alone. In Europe, transportation is the only 
sector with an almost continuous increase in CO2 emissions since 1990. 
This surely originates mainly from the increase in the number of cars per 
capita and per household in addition to the fact that car fleet is 
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particularly old (useful life greater than 5/10 years) and pollutes more. 
Against this alarming backdrop, pollution and emissions are also an 

ethical issue, as issues of sustainability and “green” have moved closer to 
individual consumers and businesses and have seen the emergence of 
reforms and directives at the global, European and national levels 
(D’Adamo et al., 2023a). This aims to change the behaviour of the 
former and reconvert the latter to more innovative and less environ-
mentally impactful production processes. It is clear how the trans-
portation sector is involved in this transformational framework, in 
which it is also possible to combine green economy models with waste 
management (Qyyum et al., 2022; Shelare et al., 2023; Xu et al., 2022). 
The model toward a sustainable mobility transition thus requires the use 
of renewable sources, circular practices, consumer involvement, and a 
focus on jobs in the sectors involved in the transformation. Conse-
quently, policy choices must move flexibly based on a pragmatic sus-
tainability model (D’Adamo et al., 2023b). 

According to EU choices, the thermal engine powered by fossil fuels, 
such as gasoline, diesel, LPG, methane and hybrid solutions, will see a 
replacement, in addition to electric, by an engine, also thermal, powered 
by electrofuels (e-fuels) capable of emitting no emissions in their entire 
cycle of manufacture and use (Betgeri et al., 2023; Navas-Anguita et al., 
2020). The transportation sector in this transition requires policy sup-
port (Skov and Schneider, 2022); however, the prospects for applying 
renewable electricity-based fuels and chemicals are much broader 
(Galimova et al., 2023). The literature draws attention to the potential of 
carbon-neutral e-fuels (made from hydrogen and CO2) as an economi-
cally competitive and scalable solution (Peacock et al., 2023). There is 
an increasing focus on stakeholder participation and public information 
to facilitate this transition (Linzenich et al., 2023; Yang et al., 2023). 
Although the literature has extensively discussed the potential of e-fuels 
to decarbonize the transportation industry, many unknowns exist 
regarding production costs, vehicle costs, and environmental perfor-
mance (Brynolf et al., 2022). Although some research points to the 
positive environmental role played by the use of e-fuels and CO2 capture 
(Samavati et al., 2018; Yoo et al., 2022). 

Other studies have focused on the economic performance of e-fuels 
(d’Amore et al., 2023; Ravi et al., 2023), but clearly there is still a gap in 
the literature evaluating multiple context of analysis. This work aims to 
evaluate the levelized cost of e-fuel (LCOe-fuel) obtained from the 

combination of four plants (photovoltaic (PV), direct air capture (DAC), 
electrolysis and Fischer-Tropsch (FT)) by providing the cost of e-fuel 
production under multiple scenarios. In addition to the baseline sce-
nario, alternative scenarios will be evaluated based on variations in 
capex and opex of all plants and variations in some technical variables. 
In this way, the value range of the e-fuel cost will allow the policymaker 
to assess its applicability in a real-world context, and the cost compo-
nents that most affect the result will be defined. 

2. Methodology 

The realization of e-fuel requires a chemical combination of 
hydrogen (H2) and CO2, respectively, obtained by electrolysis and direct 
capture from the atmosphere and processes requiring electricity. Thus, 
the production of e-fuel requires the combination of four plants - Fig. 1.  

- PV system for green energy production;  
- CO2 capture plant from the atmosphere, that is Direct Air Capture 

(DAC);  
- Electrolytic plant for H2 production,  
- FT plant for syngas processing and e-fuel production. 

The synthetic fuel concept is based on the principle of sustainability, 
in that the electricity must come from renewable sources (Karbassi et al., 
2023). Green hydrogen, i.e., hydrogen obtained from renewable sour-
ces, is distinguished from grey hydrogen (obtained from fossil sources) 
and will be combined with CO2 extracted from the air in a high-pressure 
catalyst using FT synthesis, which has the task of transforming syngas 
(H2 and CO2) into a liquid energy carrier (e-fuel). This carrier is 
carbon-neutral (Nemmour et al., 2023) because CO2 is taken from the 
atmosphere for its production, the same amount that will be emitted 
during its use in internal combustion engines. 

2.1. The levelized cost economic model 

This analysis aims to calculate the levelized cost of e-fuel (LCOe- 
fuel). In fact, calculating the cost of a fuel is a well-established method in 
the literature (Martin et al., 2023; Peacock et al., 2023; Ravi et al., 
2023). To do this, since the entire plant is composed of multiple pro-
cesses, it was also necessary to calculate the levelized costs of energy 
(LCOE), CO2 (LCODAC) and hydrogen (LCOH). The following equations 
are considered, where t is the time period, N is the years of plant life, and 
r is the opportunity cost of capital: 

LCOE=

∑N

t=0

[(
capexEquity,t + opext + debtt

)
(1 + r)− t]

Total kWh
(1)  

LCOH=

∑N

t=0

[(
capexEquity,t + opext + debtt

)
(1 + r)− t]

Total H2
(2)  

LCODAC=

∑N

t=0

[(
capexEquity,t + opext + debtt

)
(1 + r)− t]

Total CO2
(3)  

LCOe − fuel=

∑N

t=0

[(
capexEquity,t + opext + debtt

)
(1 + r)− t]

Total e − fuel
+ cLCOH

∗ LCOH+ cLCODAC ∗ LCODAC + cLCOE ∗ LCOE (4) 

The LCOe-fuel result is expressed in €/liter, and the total amount of 
energy that is reported in the formula for LCOe-fuel is for the entire 
process of producing 1 L of fuel, thus including the energy required for 
the electrolysis process and that for the DAC process, as well as that 
required for the FT chemical process. The value of LCOe-fuel is calcu-
lated using a conversion factor in €/l applied to the previous equations, 

Nomenclature 

Acronym Description 
cLCODAC conversion factor of LCODAC 
cLCOE conversion factor of LCOE 
cLCOH conversion factor of LCOH 
Capex Capital expenditure 
CO2 Carbon dioxide 
DAC Direct air capture 
debt Debt capital 
e-fuel Electrofuel 
equity Equity capital 
FT Fischer-Tropsch 
H2 Hydrogen 
LCODAC Levelized costs of CO2 
LCOE Levelized costs of energy 
LCOe-fuel Levelized costs of e-fuel 
LCOH Levelized costs of H2 
N Lifetime 
Opex Operational expenditure 
PV Photovoltaic 
r Cost of opportunity of capital 
t Time period  
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equal to 0.5 kg/l for LCOH (cLCOH), 3.6 kg/l for LCODAC (cLCODAC) and 
27.5 kW h/L for LCOE (cLCOE). 

2.2. The PV system 

Among the renewable energy sources, the PV plant with advanta-
geous conditions in Italy is chosen (D’Adamo et al., 2023c). The plant 
size chosen is 1 MW to meet the needs of other plants. This study con-
siders that 1 kW produces, on average 1700 kWh of energy annually for 
electricity production. Thus, the annual production is set at 1,700,000 
kWh annually (PVGIS, 2023). 

2.3. The DAC plant 

The size of the DAC system is chosen according to the required 
amount of synthetic fuel. For producing 1 L of e-fuel, 3.6 kg of CO2 is 
required (Yugo and Soler, 2019). Such a plant, using a solvent, captures 
CO2 from the air. A very large amount of energy is required, however, as 
it is necessary to “push” the air toward the solvent, then load the solvent, 
and later, additional energy is required to discharge the solvent for 
taking up the CO2 captured in it. 

2.4. The electrolysis plant 

Along with CO2, the other input for e-fuel production is hydrogen. 
The related facility is to extract hydrogen from water by electrolysis. The 
amount of water required to produce 1 kg of hydrogen is 9 L (Beswick 
et al., 2021). The cost of water is appropriately considered within 
operating costs. Again, the size of the plant is calculated according to the 
amount of e-fuel that is produced. The production of 1 L of e-fuel re-
quires about 0.5 kg of hydrogen. Such a plant has a power requirement 
of 267 kW (Shell Global, 2022). 

2.5. The e-fuel production plant 

For the plant related to e-fuel production, annual production was 
estimated and set at 40,000 L. At this stage, syngas is transformed into 
liquid carriers. This process needs the use of a catalyst inside, usually 
cobalt. Operating cost assumptions at 6% of Capex remain, and data are 
assumed in accordance with the literature (Reuters, 2021). 

2.6. Input data 

The chosen plant is located in central Italy, which, compared to 
southern Italy, has less favorable irradiation conditions; however, pre-
sents better proximity to freshwater suitable for electrolysis. Table 1 

Fig. 1. Process diagram for the production of 1 L of e-fuel. Adapted from (Yugo and Soler, 2019).  
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presents the data used for this work. In addition to the literature, two 
experts with decades of experience, an engineering profile and a sus-
tainability background were consulted in online meetings to validate the 
data assumed. 

2.7. Alternative scenarios 

In order to give robustness to the results of the baseline case scenario, 
alternative scenarios will be evaluated in which both sensitivity analysis 
(change in a single variable) and scenario analysis (simultaneous change 
in several variables) are proposed (Abdelhady et al., 2018; D’Adamo 
et al., 2023c; Martin et al., 2023). For most case studies, optimistic 
scenarios are considered in addition to pessimistic ones. Relative to the 

sensitivity analysis, the following variables can vary.  

• capex of each individual plant (variation ± 10%);  
• opex of each individual plant (variation ± 10%);  
• yield loss of each individual plant (1% change). 

Thus, the total number of alternative scenarios related to the sensi-
tivity analysis is twenty. Relative to the scenario analysis, the analysis 
narrows in on the economic components and the technical component 
related to system performance loss in accordance with the literature 
(Libra et al., 2023; Poluzzi et al., 2022) as follows.  

• capex of all plants (variation ± 10%);  
• opex of all plants (variation ± 10%);  
• yield loss of all plants (1% change). 

Therefore, the total number of alternatives in the scenario analysis is 
five. Finally, to give a probability of occurrence of the events a risk 
analysis is proposed using Monte Carlo analysis, which is proposed 
through a thousand iterations. The variables involved in the risk analysis 
are all those chosen for the previous alternative analysis. The mean 
value is that of the baseline scenario, and the standard deviation is 
assumed to be equal to the range used in sensitivity analysis. 

3. Results 

This section is divided into the baseline scenario results (section 3.1) 
and the alternative scenarios (section 3.2). In addition, some implica-
tions and discussions on the results obtained are proposed in section 3.3. 

3.1. Cost analysis in the baseline scenario 

According to equations (1)–(4) and input data presented in Table 1, 
the e-fuel production cost can be calculated. More specifically, in 
addition to the costs related to the FT process, the cost of e-fuel is also 
composed of LCOE, LCOH, and LCODAC, which are multiplied by the 
conversion factors of 27.5 kWh, 0.5 kg, and 3.6 kg, respectively - Fig. 2. 

The following results are obtained: 

LCOE= 0.068 €/kWh  

LCODAC= 0.056 €/kg  

LCOH= 1.795 €/kg  

LCOe − fuel= 3.097 €/l 

Thus, the cost of e-fuel is about 3.1 €/l, and its cost comes mainly 
from the cost of energy, which accounts for 60% of the total cost. The 
other components are the cost of hydrogen (29%), that of CO2 (7%) and 

Fig. 2. Distribution of discounted costs.  

Table 1 
Input data (Beswick et al., 2021; D’Adamo et al., 2023c; d’Amore et al., 2023; 
Fasihi et al., 2019; Joshi et al., 2021; Libra et al., 2023; PVGIS, 2023; Reuters, 
2021; Shell Global, 2022; Yugo and Soler, 2019).  

General Data 
Number of operating days 280 
Useful life 25 years 
Realization time 1 year 
Opportunity cost of capital 6% 
Equity Capital-Debt Capital 40%–60% 
Debt period 10 years 
Debt interest rate 4% 
Annual plant yield loss 0.8% 
correction coefficient (LCOH) 0.5 kg/l 
correction coefficient (LCODAC) 3.6 kg/l 
correction coefficient (LCOE) 27.5 kW h/l 

Photovoltaic system 
Plant power 1 MW 
kWh produced per year 1 1,700,000 kW h/y 
kWh produced in 25 years 38,659,590 kWh 
Capex 1,500,000 € 
Opex 90,000 €/y 

Direct Air Capture Plant 
kg produced per year 1 144,000 kg/y 
kg produced in 25 years 3,274,695 kg 
Capex 105,120 € 
Opex 6307 €/y 

Electrolysis Plant 
Plant power 267 kW 
H2 produced per year 1 20,000 kg/y 
H2 produced over 25 years 454.819 kg 
Capex 467,250 € 
Opex 28,035 €/y 

E-fuel production plant 
e-fuel products per year 1 40,000 l/y 
e-fuel produced over 25 years 916,650 l 
Capex 70,000 € 
Opex 4200 €/y  
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finally, that of the FT process (4%). In these results, it should be 
mentioned that within the opex costs of individual plants, the energy 
required to carry out specific processing was not counted, which was 
only considered in the levelized cost of an e-fuel unit. More specifically, 
the total energy for each process, which thus includes CO2 capture via 
the DAC process, hydrogen production via the electrolysis process and e- 
fuel production via the FT process, is only considered in the final LCOe- 
fuel formula. 

However, it is also useful to propose the decomposition of the LCOe- 
fuel cost at the component level: equity-related capex accounts for 23% 
of the total cost, while debt-related capex accounts for 33%. Finally, the 
opex component influences less than half the total cost (44%). 

The introduction showed that this topic is not yet well investigated in 
the literature; however, it is possible to show how the obtained results 
align with what has been proposed in other studies (Table S1). In 
particular, the final cost is dependent on the hours of plant operation 
and the cost of electricity needed in the processes. It reaches a value 
ranging between 50 and 260 €/GJ (d’Amore et al., 2023), which it is 
estimated to be 1.8–9.3 €/l. A similar range (1.3–7.7 €/l) emerges from 
the analysis of Brynolf et al. (2018), which proposes a value ranging 
between 130 and 770 €/MWh where impacts from different contribu-
tions are highlighted. A case study with a less positive economic per-
formance identifies a cost of 3.12 € ct/MJ (Hombach et al., 2019), while 
analyses indicate the potential to also produce methanol for a value of 
379–564 USD/MWh (Ravi et al., 2023), which through conversion 
corresponds to 3.6–5.3 €/l. There is also work quantifying a lower value 
of $93.7/MWh (Hansen et al., 2019) in which the key role of electricity 

in the entire synthetic fuel production process is inferred, as confirmed 
in other studies (Ababneh and Hameed, 2022; d’Amore et al., 2023). 

3.2. Cost analysis in the alternative scenarios 

A comparison of the results in the baseline scenario with those pro-
posed in the literature showed how relevant it is to analyze alternative 
scenarios. In accordance with section 2.7, various economic and tech-
nical variables are varied. The sensitivity analysis measures how the 
LCOe-fuel varies as a function of the change in a single variable. 

For example, at capex level, a variation of 10% on the PV plant in-
creases/decrease of 0.007 €/kWh in terms of LCOE. Thus, it must be 
emphasised how changes in inputs (energy, CO2 and H2) affect first the 
relative levelised cost and then the LCOe-fuel cost. Similarly, a 10% 
change in opex on the DAC plant increases/decreases 0.002 €/kg in 
LCODAC. In contrast, no such intermediate step exists in the variation of 
the FT process costs (Table S2). 

The optimistic scenarios are those characterized by decreasing costs. 
In addition to the economic variables, the technical parameters used to 
calculate LCOe-fuel are also varied. Specifically, for the yield loss, it was 
decided only to observe a worse situation than the reference scenario 
(Table S3). Fig. 3 proposes the variation of LCOe-fuel as a function of 
individual parameters. 

This analysis made it possible to assess how output changes as a 
function of multiple scenarios. LCOe-fuel tends to vary between 2.910 
€/l and 3.283 €/l. This confirms the robustness of the baseline scenario, 
as a percentage difference of about±six points emerges, variation that 

Fig. 3. LCOe-fuel (€/l) – Sensitivity analysis. The following legend is used: FT (grey), Electrolysis (red), DAC (green), PV (blue) and baseline scenario (black).  

Fig. 4. LCOe-fuel (€/l) – Scenario analysis.  
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cannot be considered mathematically significant. The comparison of the 
variables shows that the PV system components have a greater impact 
on the result. This is expected as it was the variable with the greatest 
influence among the four plants used to produce e-fuel. 

Furthermore, the capex component tends to prevail over opex. On 
the other hand, the cost of capex related to electrolysis has the greatest 
impact on the PV plant’s performance loss. Therefore, the following 
results follow what was obtained from the decomposition of the lev-
elised costs but do not evaluate the probability of occurrence of events. 
The same is true for the scenario analysis, where several variables vary 
simultaneously. The analysis is repeated for the economic components 
(Table S4) and for the technical components (Table S5) to evaluate 
alternative values of LCOe-fuel (Fig. 4). 

The variation of all variables simultaneously implies a greater vari-
ation in output, which varies from 2.787 €/l to 3.406 €/l for the capex 
scenarios. It is possible to note that plant loss’s impact is less significant 
than those related to opex. To overcome the limitation of the two pre-
vious analyses, the study proceeds to a risk analysis in which all critical 
variables are varied to assess the probability of occurrence relative to 
LCOe-fuel. The mean value and standard deviation of the twelve vari-
ables involved in this analysis are proposed in Table S6. The results of 
the Monte Carlo method show the probability distribution associated 
with the LCOe-fuel output – Fig. 5. 

The risk analysis results make it possible to narrow the range of the 
potential value of LCOe-fuel. In particular, analyzing its tails shows that 
about 84% of the values fluctuate between 2.8 €/l and 3.4 €/l (range 
emerged from the scenario analysis) and about 65% between 2.9 €/l and 
3.3 €/l (range emerged from the sensitivity analysis). This result there-
fore, supports the previous analyses and narrows the wide uncertainty 
that had emerged in some works. It should be emphasised that in the 
assumptions of this study, the use of a PV system was considered, which 
not only provides green energy and thus protects the environment but 
also produces economic benefits. Without it, it is necessary to purchase 
energy from the grid at a presumably higher cost, which would impact 
the final cost of LCOe-fuel. 

3.3. Discussion and practical implications of this study 

The transport sector is one of the largest contributors to environ-
mental pollution, and in recent years technological development has 
enabled a significant reduction in emissions from fossil-fuelled vehicles. 
However, this effort requires a further contribution as the goal of climate 
neutrality by 2050 would risk not being achieved (D’Adamo et al., 
2023b; Wu et al., 2023). In this direction, electric vehicles from 
renewable sources (Barman et al., 2023), biofuel (Li et al., 2023) and 
e-fuel (d’Amore et al., 2023) can be viable solutions. All fields of 
application - urban as well as rural and mountainous (Colasante et al., 

2024; Ingersoll, 2022; Nemmour et al., 2023) - require transport to be 
more sustainable. 

Thus, the first political consideration is not to exclude one of these 
sources, but to favour their development in the market in order to 
reward the most competitive solution while also respecting the balance 
of ecosystems. 

Sustainable technological development is able to combine competi-
tiveness with blue ocean strategies and reduce the uncertainties that 
currently burden the e-fuel sector. The results of this work, consistent 
with what has been proposed in the literature (Table S1), have shown 
that the quantified production cost of 3.1 €/l is higher than the price at 
the distributor of fossil fuels on the market, which is approximately 
1.7–2.1 €/l in Italy. It should be pointed out that the production cost 
must be incorporated into the value chain, which will inevitably lead to 
an increase in the final value compared to the production cost alone. 
This aspect will have a negative consequence on the consumer who will 
be forced to pay a higher price to be able to drive his/her vehicle. 

So here the second policy consideration emerges, based on the 
concept of pragmatic sustainability. This approach optimises environ-
mental needs with social and economic aspects by favouring solutions 
applicable in real-life contexts. Therefore, it is crucial to foster research 
and development of this resource in order to utilise possible learning 
economies. Similarly, sustainable community models can bring about 
collaboration among the various firms present in the territories, trans-
lating into models of industrial symbiosis that can not only foster a social 
model of industrial inclusion but also exploit economies of scale. 

This study supports the ecological transition as the combination of 
planting allows for environmental benefits. The literature highlights 
their environmental footprint, which protects the balance of ecosystems 
at the level of CO2 capture (Swennenhuis et al., 2022) and renewable 
energy production (Qin et al., 2022). In addition, the role of green 
hydrogen on a global level is emphasised (AbouSeada and Hatem, 2022; 
Ji and Wang, 2021; Zhou et al., 2022). In particular, this study has 
quantified the LCOH by proposing a value in the base case of €3.65/kg. It 
should be specified that this value differs from the one proposed in 
section 3.1 as it also includes the cost of energy production. In addition, 
a range of 3.25–4.00 €/kg can be identified by analysing the alternative 
scenarios. This study is related to the Italian context, and green 
hydrogen could play an important role in a forward-looking political 
strategy represented by the Mattei Plan. It prefigures a new energy and 
social plan concerning Italy (but more generally Europe) and Africa. In 
this way, the Mattei Plan based on an approach of sharing resources and 
skills can support the achievement of global sustainability goals. 

Public incentives can be given to technologies that can support the 
development of green and circular models in order to enable their 
diffusion and technological advancement leading to their cost reduction. 
Likewise, taxes/excise duties on green resources should be minimised in 

Fig. 5. LCOe-fuel (€/l) – Risk analysis.  
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contrast to fossil fuels, and in particular, the aim should be to minimise 
environmentally harmful subsidies. In this policy framework, it should 
be considered that the sustainable model must also be inclusive, and 
therefore the higher upfront costs of sustainable solutions must not 
burden the already weak populations. 

This study provides an assessment of the cost of e-fuel, however in its 
real application the technical characteristics required for use in road 
transport, aviation and the maritime sector are different and therefore 
require further analysis. Furthermore, it is crucial to understand 
whether some of these sectors have sustainable alternatives and where 
this is not the case to favour the use of e-fuel in these contexts. A further 
consideration is to assess how e-fuel can be used in endothermic engines. 
Indeed, this would not trigger a surge in end-of-life vehicles, which 
should be accompanied by their monitoring towards reuse and recycling 
practices. Moreover, such synthetic fuel can be blended with fossil fuels, 
providing a more environmentally friendly solution than in the current 
context. This would guarantee a gradual increase in their production and 
no change in the current distribution networks for conventional fuels. 

4. Conclusions and way forward 

The transport system requires a profound transformation to support 
the decarbonization process. The European regulation to 2035 rightly 
moves towards solutions with a lower environmental impact; however, 
the pragmatic notion of sustainability advises us that alternative solu-
tions are truly sustainable. Therefore, this concept requires green energy 
and circular solutions and does not create a dependence on raw mate-
rials from other countries, exposing Europe to a high vulnerability rate. 
Added to these aspects is that of maintaining jobs. Within this frame-
work, both electric and e-fuel can offer viable solutions. This study 
focused on e-fuel and analyzed a specific dimension of sustainability. 
The literature showed a gap in economic analyses, and this work pro-
vided methodological and operational insights. 

From a methodological point of view, a consolidated approach based 
on levelized-cost is used, but different analyses are proposed to support 
the result obtained. From an operational point of view, the LCOe-fuel is 
calculated to be approximately 3.1 €/l. Among the cost components, 
capex has a significant impact and energy production costs are the most 
relevant. However, special attention must also be paid to the costs 
associated with hydrogen production. To give solidity to the economic 
performance of e-fuel, sensitivity and scenario analysis are conducted 
obtaining values that are confirmed also by risk analysis. In fact, LCOe- 
fuel ranges between 2.9 and 3.3 €/l and 2.8–3.4 €/l, respectively 65% 
and 84% of the simulations performed in the Monte Carlo analysis. 

It is worth pointing out that the cost contained in this work is ob-
tained from a green source. This can lead to economic improvements, as 
such plants are profitable and therefore cost less than purchasing from 
other energy sources. The capex component can be reduced through 
economies of scale, so evaluating sustainable community models that 
pursue this objective is useful. This work has two limitations. The first 
relates to the absence of analysis concerning the environmental and 
social dimensions of sustainability. The second relates to the fact that it 
does not evaluate the difference between the different sectors where it 
could be applied, such as aviation, maritime and road transport. How-
ever, it should be emphasised that e-fuel is currently characterised by a 
lower yield than current fossil fuels, and therefore innovation and 
research are key to overcoming this limitation and ensuring greater 
compatibility of use with current infrastructure and vehicles. 

These results show that the cost is not competitive with competing 
fuels but indicates which components must be addressed. Within this 
framework, the crucial element remains the strategic nature of devel-
oping renewable sources capable of supporting a real ecological tran-
sition in the transport sector. Furthermore, with CO2 recovery, e-fuel is a 
resource that combines the concepts of green economy and circular 
economy. 
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