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ABSTRACT 

The atmospheric concentration of carbon dioxide is continuously rising mostly due to the consumption of 

fossil fuels. Renewable fuels, such as synthetic methane and methanol, for which production hydrogen and carbon 

dioxide are needed, have the potential to mitigate climate change by substituting fossil-based energy carriers. The 

core objective of this paper is to investigate the utilization of carbon dioxide from biomass-based processes for the 

production of synthetic methane and methanol, as well as to analyze their future prospects. Different scenarios 

including the most relevant impact parameters, such as possible learning rates or number of full load hours, are 

derived. Finally, the strengths, weaknesses, opportunities and threats of synthetic methane and methanol are 

compared with direct hydrogen utilization from an economic and technical point of view. In spite of the possible 

cost reductions due to technological learning and economies of scale, the production costs of synthetic methane 

and methanol will remain very high in the main scenario. Therefore, low electricity prices and a high number of 

full-load hours are key to enhance the economic viability. 

KEYWORDS 

Synthetic methane, Synthetic methanol, Carbon capture utilization, Hydrogen, Technological 

learning.  

INTRODUCTION 

The atmospheric concentration of carbon dioxide (CO2) rose by 50% compared to values of 

1750 due to human activities [1]. The consumption of fossil fuels is the main reason for the 

rising atmospheric CO2 concentration and a cause of climate change.  

Renewable fuels can mitigate climate change by substituting fossil-based energy carriers 

[2]. Two of the most important fuels in the energy system are methane, the major component of 

natural gas, and methanol [3]. Methane is currently used in various applications, such in the 

chemical industry and for heating of buildings [4]. Methanol is primarily used as an important 

platform chemical for the chemical industry and can potentially be used as fuel for the shipping 

industry [5]. 

Both fuels can be produced with renewable electricity, CO2 and Hydrogen (H2). Renewable 

electricity is essential to reach emission reduction compared to fossil fuels. The usage of a 

grid-connected electricity has the advantage of a high number of full-load hours because grid 
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electricity is always available. However, it must be considered that 39% of the EU's electricity 

is still based on fossil fuels [6]. A hybrid energy model using mainly PV and wind can also 

reach a high number of full load hours. Access to the grid has only the reason for the hybrid 

energy model to ensure the supply of electricity in times of low wind or sunlight availability, 

for example in winter in Central Europe [7]. 

An often-named motivation in literature for the production of synthetic methane 

(e-methane) is the storage of excess electricity because large gas storage facilities exist in 

Europe [8]. However, from an economic point of view it will be very challenging to compete 

with other storage solutions for electricity [9]. The production and use of e-methane can also 

serve for the defossilization in district-based energy systems as energy storage in a novel 

district heating approach [10]. Another motivation for e-methane and also e-methanol is the 

solution for hard-to-abate sectors such as aviation and shipping [11]. It is commonly agreed 

upon that direct electrification of all sectors cannot be achieved with current technologies [12]. 

The European Union aims to ensure that the production of e-methane and e-methanol is 

achieved in a sustainable manner. The sources of CO2 will therefore be restricted by the 

delegated acts supplementing the recast of the Renewable Energy Directive II [13]. Carbon 

capture and utilization (CCU) using CO2 from fossil-based electricity production and industrial 

sources will not count as emission avoidance from 2036 and 2041. Only four sources of CO2 

will remain in the long term. Biomass-based CO2 is one of these sustainable CO2 sources.  

Bioenergy plays a crucial role in the energy system by offering flexibility services and 

contributing to energy security [14]. The potential for biogenic CO2 in the European Union 

was investigated because a target for biomethane production of 35 billion cubic meters was 

announced for the year 2030 [15]. In addition to biomethane production, the pulp and paper 

industry and biomass-based district heating were investigated as they belong to the most 

relevant sectors of biomass utilization [16]. The capacity of most biomethane and district 

heating plants using biomass is less than 10 MW [17]. An exception are large-scale pulp mills. 

Most pulp mills (72.2%) produce ≥ 100 kt product per year, corresponding to 270 kg CO2/t 

pulp [18]. However, these large-scale applications are not the focus of this work. 

In the past, in many publications such as from Lopes et al. [19], the focus was on large 

industrial point sources from steel or cement manufacturing. The utilization of biomass-based 

CO2 gains more attention in the research based on the delimitation of sources for CO2. 

However, a Scopus search for the term bioenergy carbon capture and utilization showed 

remarkably lower results than the umbrella term CCU. Further research on this topic is 

required. 

Nevertheless, there exist also papers on the usage of biomass-based CO2 for CCU. 

Koytsoumpa et al. [20] analyzed the potential of solid, liquid and gaseous biofuels without 

pulp and paper mills.  Kuparinen et al. [14] investigated the usage of CO2 from pulp and paper 

mills. Cellulose from wood is used for paper production, but other carbon fractions, mainly 

lignin, are burned to generate heat and power, resulting in CO2 release [21]. Eggemann et al. 

[22] conducted a life cycle assessment for e-methanol production using CO2 from biogas 

plants. Schmid and Hahn [23] show a holistic picture of Germany's CO2 supply and demand, 

including biomass-based CO2 sources. Jafri et al. [24] demonstrated that processes including 

CCU can enhance the amount of biogenic carbon that is converted to an energy carrier and 

contribute to large-scale greenhouse gas (GHG) emission reduction. Nonetheless, a disparity 

exists between the options that are socially optimal and those that are most economically 

viable. 

The core objective of this paper is to investigate the utilization of CO2 from biomass-based 

processes for the production of e-methane and e-methanol. The goal is to derive scenarios for 

cost reductions from learning rates of electrolysis, methanation and methanol synthesis to 

analyze the future prospects for production costs. Finally, by comparing e-methane and 

e-methanol with the utilization of hydrogen in economic terms and technical aspects, this work 

becomes a new contribution to the scientific literature. 



Radosits, F., Ajanovic, A., et al. 
Costs and perspectives of synthetic methane and methanol…  

Year 2024 
Volume 12, Issue 2, 1120484 

 

Journal of Sustainable Development of Energy, Water and Environment Systems 3 

METHODS 

This work is based on the idea of using carbon dioxide from biomass-based processes as a 

sustainable source for fuel production. The following steps were conducted in the analysis: 

• Literature research was conducted to analyze the potential of CO2 from biomass 

processes in the EU with an outlook to 2030. The costs of CO2 capture were derived 

from the literature.  

• Hydrogen is required to produce the intended products. The costs for hydrogen 

were calculated with the levelized-cost method. 

• The hydrogen costs were then used as input for the overall e-methane and 

e-methanol production costs. 

• Finally, a SWOT analysis was conducted to compare e-methane, e-methanol, and 

hydrogen process chains, considering the economic assessment results and 

technical aspects. 

Technology description 

Figure 1 shows the schematic process chains for e-methane and e-methanol production via 

CO2 utilization [19]. Methanation and methanol synthesis are conducted as separate processes 

after CO2 capture and hydrogen production [20]. The energy efficiency of water electrolysis 

was assumed to be 67% [27] and the overall process efficiencies of e-methane and e-methanol 

production are 49 and 53%. 

 

 

Figure 1. Process routes of utilizing CO2 for e-methane and e-methanol production  

 

Alkaline and proton exchange membrane (PEM) electrolyzers are currently the most used 

technologies for hydrogen production via water splitting [27]. There are issues involved with 

the exclusive use of renewable energy, for example, the low number of full load hours and 

challenges in flexible fuel production. 
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PEM electrolyzers were initially favored over alkaline electrolyzers for renewable 

electricity sources because they were thought to respond better to the intermittent behavior of 

the renewables [28]. However, in papers such as Bos et al. [25] and Ince et al. [29], alkaline 

electrolyzers were also coupled with wind turbines or a PV plant without the application of 

hydrogen storage. In this work, both electrolyzers were compared and it was assumed that 

hydrogen storage can be avoided.  

Table 1 shows the technical parameters for the analysis. It was assumed that both 

electrolyzers have the same energy efficiency of 67%, as the literature gives a broad range. The 

efficiency is expected to increase to 74% in 2050 [27]. Electricity consumption for 

compression of e-methane was also considered in the case of grid injection. For the efficiency 

of methane synthesis, a value of 75% [30] and 90% CO2 conversion was assumed. The 

maximum value theoretically achieved by the methanation with CO2 and H2 is 82.8% at the 

maximum possible thermodynamic efficiency of the Sabatier reaction. 

 
Table 1. Technical parameters for the H2, e-methane and e-methanol production 

Technical parameters VALUE UNIT SOURCE 

Electrolyzer eff. 67 % [27] 

Methanation eff.  75 % [30] 

Methanol synthesis eff. 79 % [31] 

CO2 conversion rate 90 % [32] 

FLH (Grid) 8000 hours [7] 

FLH (Renewables) 1000-2600 hours [33], [34] 

CH4 compression 0.22 kWh/kg [35] 

Water consumption 9-10 kg/kg H2 [36] 

 

Economic assessment 

The goal is to model the production costs of the investigated energy carriers by 2050. The 

investment cost reductions depend on the scenarios of electrolyzer capacities. A sensitivity 

analysis was used to examine the influence of different parameters, such as the plant size on the 

overall production costs. The results are shown in EUR2022/ MWh. 

 

Production costs.  The production costs of hydrogen, e-methane and e-methanol were 

calculated with eqs. (1) and (2) based on Thunman et al. [37].  

The operating period and interest rate are considered within the capital recovery factor, 

eq. (3). Electrolyzer and methanation or methanol synthesis reactor investment costs are 

considered in the overall production costs of the respective product:  

 

 

𝑐H2
=

𝐶𝑅𝐹 × 𝐼𝐶H2
+ 𝐶om

𝐹𝐿𝐻
+

𝑐ele

𝜂
+  𝑐H2O (1) 
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𝑐e−meth =
𝐶𝑅𝐹 × 𝐼𝐶e−meth + 𝐶om

𝐹𝐿𝐻
+

𝑐H2

𝜂
+   𝑐CO2  (2) 

 

 

𝐶𝑅𝐹 =
(1 + 𝑟)𝑛𝑟

(1 + 𝑟)𝑛 − 1
 

(3) 

 
𝑐H2

 = production costs of hydrogen [EUR/MWh], 𝑐e−meth  = production costs of e-methane or 

e-methanol [EUR/MWh], 𝐶𝑅𝐹  = capital recovery factor, 𝐼𝐶H2
 = electrolyzer investment costs 

[EUR/MW], FLH = full-load hours, 𝑐H2O = costs for water [EUR/MWh],   𝐼𝐶e−meth = investment costs 

for a methanation or methanol synthesis reactor [EUR/kW],  𝐶om= fixed operating and maintenance 

costs [EUR/kW], 𝑐ele  = electricity costs, 𝜂 = energy efficiency of the process, 𝑐var=variable costs 

[EUR/MWh], 𝑐CO2 = costs for CO2 [EUR/MWh], n = plant lifetime, r = depreciation rate.  

Table 2 shows the parameters for the economic analysis. The investment costs of the 

electrolyzers include all system components and installation. These costs decrease in regards to 

the scale [27]. The investments used in this study for 2 MWel alkaline and PEM electrolyzers 

are 1400 and 1800 EUR/kWel and for 20 MWel 900 and 1400 EUR/kWel respectively [38]. Fees 

for the connection to the grid were added to these costs. The stacks need to be replaced after ten 

years, accounting for 50% and 60% of the system costs of an alkaline and PEM electrolyzer. 

Carbon capture costs as EUR/t CO2 were included in the analysis as variable costs [39]. The 

assumption was that the e-methane and e-methanol producers would cover the costs of 

implementing carbon capture, for example, at a pulp and paper mill.  

 
Table 2. Parameters for the economic analysis of e-methane and e-methanol production 

Economic parameters VALUE UNIT SOURCE 

Investment costs    

Alkaline electrolyzer 900-1400 EUR/kWel [38] 

PEM electrolyzer 1400-1800 EUR/kWel [38] 

Methanation 2200-4300 EUR/kWout [40], [41] 

Methanol 2560-4250 EUR/kWout [42] 

Fixed Operating & Maintenance  

Electrolysis 28-56 EUR/kWout [43] 

Methanation 3.5 % of IC [43] 

Methanol synthesis 5 % of IC [43] 

Grid connection fees 70 EUR/kWel [44] 

Variable costs    

Water costs 3.1 EUR/L [45] 

CO2 capture Biomethane 20-40 EUR/t CO2 [39] 

CO2 capture Pulp&paper/ District 

heating 

60-90 EUR/t CO2 [46] 

Electricity costs (Grid) 90 EUR/MWh [47] 

Electricity costs (Wind)  45  EUR/MWh [43], [48] 

Electricity costs (PV) 74  EUR/MWh [43], [48] 

Other parameters    

Discount rate 6 % [49] 

Depreciation time 20 years [50] 

 

The investment costs of the methanation and methanol reactor represent the total costs, 

including plant installation [25]. The system costs were adapted to 2022 price levels using the 
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chemical engineering plant index. It is important to notice that the investment costs for 

electrolyzers are stated for the electricity input in kWel, whereas for the methanation and 

methanol synthesis in product output kWout. 

Future costs.  Technological learning can lead to lower costs per kW installed. The learning 

rate gives the percentual cost reduction per doubling of unit output. The range of learning rates 

in literature varies tremendously. Schoots et al. [51] analyzed the historical learning rates of 

electrolyzer equipment and defined a value of 18 ± 13%. Detz et al. [38] used a low rate of 12 

% and a high learning rate of 20% for their analysis. Reksten et al. [52] estimated high learning 

rates of 25-30% for alkaline and PEM electrolyzers. The main argument for these high rates is 

that the scaling up has not been considered in previous publications. However, the highest 

learning rate for a technology in history has been seen for PV panels with 22% [53].  

The applied learning rates are derived from Böhm et al., who assessed different learning 

rates of the main electrolyzer components. The difference in this work is that a learning rate of 

18% was only used for the electrolyzer stacks. Other parts such as power electronics were 

assumed to be the conventional share and account for 50% and 40% of alkaline and PEM 

electrolyzer investment costs. Technological learning was not applied for the conventional 

components [53]. Stacks also need to be produced more often than the other components 

because the current stack lifetime is approximately ten years [27]. 

For the methanation section, a learning rate of 10% was found in the literature [50]. The 

same value was used for the methanol synthesis. The equipment typically accounts for 

approximately 20% of the system cost and technological learning is rather derived from the 

plant engineering and project-specific costs [37]. 

The total investment costs, eq.(4), consist of the conventional and new components. The 

cost reductions are calculated with the eqs. (5) and (6). The learning rates are only applied to 

the share of new components: 

 

𝐼𝐶total = 𝐼𝐶new + 𝐼𝐶conv (4) 

 

𝐼𝐶new(𝑡1) = 𝐼𝐶new(𝑡0) × (
𝑌𝑡1

𝑌𝑡0

)

−𝑏

 
(5) 

 

𝐿𝑅 = 1 − 2−𝑏  (6) 

 

𝐼𝐶new = investment costs of new components, 𝐼𝐶conv = investment costs of conventional components, 

𝐼𝐶(𝑡)= investment costs of a unit at time t, 𝑌(𝑡)= installed capacity at time t, 𝐿𝑅 = learning rate, b= 

parameter for the extent of learning measured. 

 

 

Table 3 shows the installed capacities for electrolyzers, methanation and methanol 

production. At the end of 2022, approximately 690 MW electrolyzer capacities were installed 

globally. This number shall increase to 2200 MW at the end of 2023 [54]. For the 1.5 °C 

climate target an increase to 550 GW in 2030 is proposed by the IEA. However, there can be 

some restrictions for this tremendous growth. For example, the current iridium mining makes 

only 3-5 GW of PEM electrolyzers installations per year possible [27]. 

Therefore, two different scenarios were investigated for capacity installations of hydrogen. 

One is the business as usual (BAU) scenario with historic growth rates of 2015-2022 [55], 

extrapolated for 2030 and 2050. The growth scenario is based on the Global Hydrogen Review 

2023, where 175 GW in 2030 are feasible to reach and 3670 GW is the target for 2050. 

Currently, 2/3 of the total installed electrolyzers are alkaline, PEM accounting for 

approximately 1/3 and high-temperature solid oxide electrolyzers (SOE) for less than 1%. This 
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ratio is supposed to change in the investigated scenarios to 40:40:20 for alkaline, PEM and 

SOE in 2050 [27]. 

 
Table 3. Installed hydrogen, methanation and methanol synthesis capacities in 2022, 20230 and 2050. 

The growth is based on literature data from the IEA and the BAU scenario was extrapolated based on 

historic capacity additions from 2015 to 2022 

Year 2022 2030 2050 Source 

H2_Growth 0.69 GW 175 GW 3670 GW [54] 

H2_BAU 0.69 GW 22 GW 445 GW [55] 

Methanation  30 GW 65 GW 450 GW [56] 

Methanol synthesis 76 GW 118 GW 345 GW [31] 

 

Methanation and methanol capacities are already established more widely than water 

electrolysis but based on fossil fuels as resources. For methanation and methanol production 25 

GW and 71 GW were installed globally in 2020 and this number is expected to grow to 450 

GW [56] and 345 GW (500 Mt) in 2050 [31]. 

The growth and BAU scenarios results are shown for the investment cost developments 

derived from technological learning. In the following sections, only the growth scenario will 

serve as the basis for the e-methane and e-methanol production costs. The BAU case will not 

provide enough hydrogen capacities to fulfill the green e-methane and e-methanol production 

targets in 2050. 

 

Sensitivity analysis.  From the literature analysis, the individual variables are expected to 

show different effects on the overall production costs of e-methane, e-methanol and hydrogen. 

Therefore, the following sensitivity analyses were conducted and the variables were modified in a 

range of ± 50%:  

• Reductions in electrolyzer, methanation and methanol synthesis reactor investment 

costs depended on the learning rates. The base cases for learning rates are 18% for 

electrolyzers and 10% for methanation/ methanol synthesis. 

• Hydrogen production costs in relation to the full-load hours or electricity price 

• Investigation of different variables on e-methane production costs: The initial value of 

operating hours was changed to 5000 hours, the capture costs to 60 EUR/t CO2 and a 

scale of 5 MW was chosen for the sensitivity analysis to depict a broad range of the 

variables. Other input data was not modified and used as stated in Tables 1 and 2.  

 

The effect of carbon taxes on current market prices of fossil natural gas and methanol was also 

investigated as part of the sensitivity analysis. Emission factors of 297 g CO2/kg natural gas [57] 

and 197 g CO2/kg fossil methanol [58] cover the direct and indirect emissions resulting from 

sourcing, handling and the consumption. The externalities of fossil fuel use were not reflected 

adequately in previous times. Therefore, the European Union adopted an emission trading 

system to set a price on carbon emissions of businesses. Carbon prices are very effective 

measures to restrict the use of fossil fuels and support alternatives [59].  

 

Analysis of Strengths, Weaknesses, Opportunities and Threats (SWOT).  The SWOT 

analysis can describe the status quo and strategies for the future can be derived. This analysis 

aims to compare the technical aspects found in literature and results from the economic 

assessment for the three different fuels since hydrogen can also be directly used as fuel [60].  
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RESULTS AND DISCUSSION 

This section starts with the biomass-derived CO2 potentials in Europe. Afterwards, H2, 

e-methane and e-methanol production costs are presented, followed by the sensitivity and 

SWOT analysis.  

Biomass-derived carbon dioxide potentials in the European Union 

According to the Biomethane Industrial Partnership [15], the goal is to reach 35 billion 

cubic meters (bcm) of sustainable biomethane production capacity in 2030 in the EU. 

Biomethane is produced through anaerobic digestion which is an effective strategy to recover 

bioenergy from different types of biowastes [61]. To obtain biomethane, impurities and CO2 

must be removed [62]. At the mentioned target capacity, approximately 41-69 Mt CO2/a will 

be generated. 

The direct emissions of the European pulp and paper industry were 28 Mt CO2 in 2021 

[18]. A yearly decline of approximately 1.1% could be observed since 1991, resulting in 

approximately 25 Mt direct CO2 emissions in 2030. However, based on wood consumption, 

which showed a slightly increasing tendency since 2000, 152 million cubic meters of 

consumption were reached in 2021. The lignin content of softwood lies in the range of 27-32% 

[63] and 18-25% in hardwood [64]. When the carbon from the lignin is emitted, the rate of 

on-site emission reduction cannot continue this way.  It was assumed that the process flows in 

the pulp and paper mills remain as they are for the scope of this publication. 

The biggest amount of biogenic CO2 is coming from district heating. Figure 2 shows the 

relation of CO2 potential derived from the three sectors. It is assumed that the quantities of 99 

Mtoe [65] of solid biofuels used for heating and/ or electricity generation will not decrease in 

the near future. Assuming 5 kWh/kg dry wood and an average carbon content of 42-47% [66] 

this corresponds to a total amount of 230 Mt/ a biomass, meaning approximately 354-396 Mt 

CO2/a. These numbers correspond to technical potentials of 208-243 billion cubic meter 

e-methane or 248-290 Mt e-methanol assuming minimum 90% carbon capture rate [67] and 

90% CO2 conversion rate in the fuel production process. 

 

Figure 2. Estimated CO2 potentials from biomethane production, pulp and paper and solid biofuel use 

for heating and electricity generation in 2030. Sources: [12], [15], [42]  

Investment costs.  Table 4 and Figure 3 displays the results of the investment and overall 

system costs for the expansion scenarios. The investment costs in 2050 for the electrolyzers 

375; 82%

28; 6%

55; 12%

Biomass CHP

Pulp and paper

Biomethane

Total: 458 Mt CO2 
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depend on the scenario and decrease for alkaline electrolyzers by 31-36% and for PEM 

electrolyzers by 41-46%. However, the difference between the growth and the BAU scenario is 

smaller than expected. Although the installed capacity is almost eight times higher, the 

investment costs differ only by 7-9%. This is mainly due to the conventional part becoming the 

dominant share of costs. However, the capacities of electrolyzers in the BAU scenario are 

insufficient for the expected capacities of e-methane and e-methanol in 2050. A substantial 

increase in capacity additions is needed to reach the defossilization targets. The cost reductions 

for the total system in the growth scenario are 32-38% for e-methane and 24-30% for e-methanol. 

The values of the growth scenario are the input used for the calculation of the overall e-methane 

and e-methanol production costs in the following sections. The initial system costs for e-methane 

and e-methanol production are almost similar on the 1 MW scale, but as the capacity additions 

of methanation reactors increase stronger compared to methanol synthesis, so will the costs be 

approximately 20% lower in 2050. 

 

 

Figure 3. Total system cost and investment cost reductions for e-methane, e-methanol and electrolyzers 

up to 2050 

Table 4. Electrolyzer investment and total system costs in 2050 compared to 2022. The learning rates 

for electrolyzers are 18% and for methanation/ methanol synthesis 10% 

Year 2022 2050 Unit 

H2 Growth 

Alkaline (2-20 MW) 

PEM (2-20 MW) 

 

900-1400 

1400-1800 

 

495-770 

620-810 

 

EUR/kW 

EUR/kW 

H2 BAU 

Alkaline (2-20 MW) 

PEM (2-20 MW) 

 

900-1400 

1400-1800 

 

535-830 

680-880 

 

EUR/kW 

EUR/kW 

E-methane (1 MW) 

E-methane (10 MW) 

5700-6100 

3100-3600 

3910-3950 

2105-2230 

EUR/kW 

EUR/kW 

E-methanol (1 MW) 

E-methanol (10 MW) 

5650-6050 

3460-3960 

4325-4365 

2635-2760 
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The sensitivity analysis of the learning rates is shown in this chapter to have an overview on 

the results regarding the investment costs. Figure 4 and Figure 5 show the respective 

investment costs in relation to high or low learning rates of electrolyzers, methanation and 

methanol synthesis. 

 

 

 
Figure 4. Investment cost reductions of alkaline (AEL) and proton exchange (PEM) electrolyzers up to 

2050 for 9% (low) or 27% (high) learning rates 

 

 

 
Figure 5. Investment cost reductions of methanation (CH4) and methanol synthesis (CH3OH) up to 

2050 for 5% (low) or 15% (high) learning rates 

 

H2 production costs.  The production costs for hydrogen significantly depend on the 

full-load hours among other variables. Figure 6 shows current hydrogen production costs in the 

growth scenario for 20 MWel electrolyzers in relation to the full-load hours, which are 

technology specific.  
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Figure 6. Hydrogen production costs in relation to the full load hours at 90 EUR/MWh electricity price 

In the case of 1000 FLH, which is typical for PV in Central Europe, the costs are 

102%-150% higher compared to 8000 FLH. At typical values of 2600-2900 FLH for onshore 

wind, the production cost increases by 26-44%. However, this evaluation did not consider the 

trade-off of faster degradation of the electrolyzer stacks with more FLH. 

The electricity price was modified in Figure 7 to visualize the impact of this essential 

parameter on the hydrogen production costs. 

 

 

Figure 7. Hydrogen production costs in relation to the electricity price at 8000 FLH 
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variables affect the production costs more than the scale, which will be shown in the sensitivity 

analysis results. 

The current production costs decrease by 17-22% in 2050. The production costs in 2050 are 

still too high to be cost competitive under these assumptions. Production costs can be reduced 

with accounting for revenues for off-heat and oxygen. Oxygen sales can be a valuable revenue 

stream. However, it is questionable if all the oxygen from electrolyzers can be sold on the 

market. 

 

Figure 8. Current production costs of e-methane and e-methanol compared to 2050 

 

Figure 9 displays the overall production costs of e-methane, e-methanol and hydrogen. The 

lowest values are seen for hydrogen among the three fuels. Currently the grid-connected 

electrolyzer leads to the lowest production costs. However, wind-based hydrogen production 

will already show better economic performance in 2030, assuming that the grid electricity price 

is 90 EUR/MWh, as mentioned in the methodology. The wind-based hydrogen production 

costs are currently 6 EUR/kg H2 and will fall to 4 EUR/kg H2 in the growth scenario. 

 

 

Figure 9. Development of e-methane, e-methanol and hydrogen production costs using either electricity 

generated by wind turbines or from the grid 
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The costs for wind-based e-methane and e-methanol are on the contrary 15-47% (2030) and 

6-45% (2050) higher than for the grid-connected electrolyzer. 

Production costs for PV-based production costs were also calculated, however, not shown 

here, because they are the highest still at the scale of 10 MW with 470-510 EUR/MWh for 

e-methane and 570-610 EUR/MWh for e-methanol in 2050. PV plants as the only electricity 

source in the process chain are unfavorable in Central Europe mainly due to the low FLH, 

thereby increasing the capital costs significantly.  

An alkaline electrolyzer can also be coupled with a PV plant as in the work of Ince et al. 

[29]. However, the efficiency of the electrolyzer was less than 60%, which is not favorable 

from an economic point of view. 
  

Sensitivity analysis for e-methane 

The sensitivity analysis regarding production costs of e-methane in the growth scenario in 

2050 is visualized in Figure 10. The results showed that the electrolyzer efficiency, electricity 

prices and the full-load hours have the most impact. The effect of full-load hours becomes even 

more decisive for values less than 3000 FLH, as previously shown for hydrogen. The CO2 

capture costs and the production scale displayed the lowest impact on the costs.  

For e-methanol production the same effect of variables on the production costs could be 

observed. A combination of many full-load hours and low electricity prices is key to ensuring 

low production costs. 

 

  

 
Figure 10. Sensitivity analysis of e-methane production costs in 2050 using an alkaline electrolyzer in 

the growth scenario 
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added to the production costs of e-methane. Other authors, such as van der Zwaan et al. [56], 

calculated 270 EUR/t CO2 for different scales than in this work, making e-methane competitive 

with natural gas. Hydrogen will become competitive with natural gas rather than e-methane. 

Approximately 180 EUR/t CO2 will be required to promote hydrogen production from wind in 

2050.  

 

  

 
Figure 11. Production costs of e-methane compared to natural gas prices including carbon taxes 
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Table 5. SWOT analysis. Sources: [31], [69], [70] 
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CONCLUSIONS 

In the EU, 420-490 Mt biomass-derived CO2 will be generated from biomethane production, 

biomass-based district heating and the pulp and paper industry in 2030. This corresponds to 

technical potentials of 208-243 billion cubic meters of e-methane or 248-290 Mt e-methanol. 

Grid electricity as source for the operation of an electrolyzer is currently not a preferable 

choice. The investment risk is increasing with variable and growing electricity prices. 

Furthermore, in 2021, there was still an average share of around 39% fossil fuels in the 

electricity mix in the EU, which would cause large amounts of GHG emissions in the 

production of e-methane and e-methanol. However, the production of e-methane and 

e-methanol using CO2 from biomass-based processes and renewable electricity will remain 

challenging from an economic point of view: 

• Economies of scale of e-methane and e-methanol production plants in a range of 

1-10 MW using grid electricity and operating for 8000 FLH per year could reduce 

production costs by 7-10%. For a 10 MW plant using electricity generated by wind 

and operating for 2600 FLH per year, the costs could be decreased by 

approximately 20% compared to the production costs of a 1 MW plant. 

• Despite these cost reductions, even with a high carbon tax of 500 EUR/t CO2, 

e-methane production costs will remain high in the main scenario.  

 

Therefore, low electricity prices and a high number of full-load hours are key to enhancing 

the economic viability. Using excess electricity could lead to lower costs of electricity but also 

significantly increases capital costs due to a low number of full-load hours. However, it should 

be noted that in this paper the pure production costs are calculated and the revenues of heat and 

oxygen are not considered. 

Besides the differences in energy efficiencies and production costs of hydrogen, e-methane 

and e-methanol, technical aspects also play an important role for their future use.  

• The energy density of hydrogen is much lower and a compression or liquefaction is 

necessary for its storing and transporting.  

• E-methanol has the best storage properties of the three investigated fuels and the 

highest energy density at room temperature.  

• For e-methane, the existing infrastructure can also be used, but the threat of lock-in 

effects of natural gas usage must be considered. 

Opportunities for further research include incorporating low or even negative prices of 

excess electricity, the use of a high-temperature solid oxide electrolyzer to enhance the 

efficiency of hydrogen production, and locations where electricity from offshore wind and 

hydropower is available. 
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