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This study presents a comprehensive techno-economic analysis of a power-to-methane plant, investigating its
financial viability and profitability over 20 years. The financial performance of the plant is evaluated using key
metrics such as net present value (NPV), internal rate of return (IRR), and levelized cost of methane (LCOM). The
main findings reveal that under the current assumptions, the plant faces challenges in achieving financial
viability, with a negative NPV of —$3,818,163 and an IRR of —1%, indicating a net loss over the 20 years and a
lack of profitability for investors. The calculated LCOM is 1.75 $/kg, which provides an estimate of the cost to
produce renewable methane from the plant. To further understand the conditions necessary for the plant to
become financially viable, a sensitivity analysis is conducted, examining the effects of varying key parameters
such as the selling price of methane, CO costs, and discount rates. The sensitivity analysis demonstrates that the
financial viability and profitability of the plant are highly sensitive to the selling price of methane, with the NPV
turning positive and the IRR exceeding the break-even point at selling prices above $2.1/kg. Moreover, the
analysis reveals that higher CO2 costs lead to poorer financial performance, while lower discount rates result in a
higher perceived value of the plant. In summary, the power-to-methane plant faces financial challenges under the
current assumptions, but under certain conditions, it could become viable and profitable. The findings of this
study provide valuable insights into the plant’s potential market viability and can inform future decision-making
processes and development strategies for power-to-methane technologies. It is recommended that additional
research investigates the impact of technological advancements and integration with other renewable energy
systems on the financial performance of the plant and their contribution to the transition to renewable energy
systems.

1. Introduction power-to-methane pathway depends on a number of factors, including

the efficiency of the electrolysis and methanation processes as well as

The demand for energy is anticipated to increase, and it has become
increasingly challenging for governments and societies to meet this
demand in a sustainable manner [1]. Renewable energy sources such as
wind and hydropower are receiving increased consideration as possible
solutions to this issue. These sources have several advantages over fossil
fuels, including a reduction in greenhouse gas emissions, a decrease in
air pollution, and an increase in energy security [2].

Power-to-methane is a promising pathway for capturing renewable
energy sources for use in the energy sector. The pathway involves
electrolyzing water with renewable electricity to produce hydrogen. The
hydrogen is then combined with carbon dioxide to create renewable
methane, a useful fuel that can be used for transportation, heating, and
electricity generation, among other applications. The efficiency of the

* Corresponding author.

the renewable electricity source used to power the process. Tempera-
ture, pressure, and electrode material can all have an effect on elec-
trolysis efficiency, and improvements in these areas can lead to greater
electrolysis efficiency [3]. Furthermore, reaction conditions such as
temperature, pressure, catalysts, and the hydrogen-to-carbon dioxide
ratio can impact methanation efficiency [4]. Power-to-methane is
considered extremely scalable, with applications ranging from small
decentralized systems to large centralized power plants [5]. Power-to-
methane is scalable because it can store and transport energy in the
form of methane, a highly versatile fuel that can be used for a variety of
applications, including electricity generation, transportation, and heat-
ing. One of the primary motivations for researching the power-to-
methane pathway is its potential as a renewable energy storage
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solution [5]. Additionally, it has the potential to produce low-carbon
fuels for the transportation sector, which is a major contributor to
greenhouse gas emissions [6]. Likewise, the pathway can support the
circular economy by utilizing waste carbon dioxide from industrial
processes and other sources as feedstock for methane production [7].
Despite power-to-methane pathway having many advantages, there are
a few key technical challenges that must be resolved prior to its large-
scale implementation and economic viability. Improving the efficiency
of the electrolysis process is one of the most significant challenges
power-to-methane must overcome. Electrolysis is an energy-intensive
process, and the process’s efficiency has a direct impact on the overall
efficiency and economics of the energy-to-methane pathway. The
availability of carbon dioxide (CO-) can also pose a challenge for power-
to-methane. CO, concentrations in the atmosphere are typically low,
making large-scale extraction difficult [8].

When evaluating the practical application of hydrogen generated
through electrolysis, it is imperative to acknowledge various crucial
elements that support the power-to-methane technique. Although
hydrogen exhibits a high energy density per unit mass (120 MJ/kg), its
energy density per unit volume is considerably lower (5.6 MJ/L at 700
bar). This particular characteristic of the substance requires storage and
transportation methods that are both expensive and technologically
complex, such as high-pressure systems (up to 700 bar) or cryogenic
conditions (—252.8 °C) [9]. In addition, it is noteworthy that the current
infrastructure for methane, commonly known as natural gas, is consid-
erably more comprehensive and well-established in comparison to that
of hydrogen. The aforementioned encompasses vast systems of pipe-
lines, storage infrastructures, and diverse end-user implementations,
spanning from power generation facilities and heating mechanisms to
transportation means. The expenses and complexity involved in retro-
fitting the existing infrastructure to accommodate hydrogen utilization
or constructing novel systems may pose a significant financial obstacle
[10]. Methane exhibits certain chemical properties that give it favorable
attributes relative to hydrogen. The reduced reactivity of the substance
results in increased safety during handling and storage, thereby miti-
gating the potential hazards associated with possible leaks [11].

Several studies have determined that the power-to-methane pathway
is technically feasible and capable of producing methane with high ef-
ficiency and scalability. Using a detailed distributed parameter method,
one study analyzed a solar-powered power-to-methane system and
found energy and exergy efficiencies of 9.88% and 11.08%, respectively,
with a power-to-methane pathway yield of 914.51 MWh/y [12]. Wang
et al. examine the design of a power-to-methane system based on co-
electrolysis, focusing on the role of CO, pressurized stack operation,
and internal methanation. Results indicate that pressurized operation
and internal methanation can enhance system efficiency, with the
highest efficiency achieved at a methane fraction of 15% vol.% at 15 bar
and a potential efficiency of 90% on higher heating value[13]. Hervy
et al. tested CO, methanation in a demonstration-scale fluidized bed
reactor with an improved internal heat exchanger and found that the
reactor displayed high efficiency and flexibility in the face of operating
condition fluctuations associated with power-to-methane systems, with
the temperature being the most influential operating condition in terms
of conversion efficiency [14].

Several studies have assessed the techno-economic potential of the
power-to-methane pathway in various contexts. Peters et al. presented a
techno-economic analysis of power-to-methane as a sector coupling
option for Germany’s energy transition to renewable energy, with a
process analysis revealing key insights and an economic analysis
revealing methane costs in the range of $3.78 to $4.17 per kg, indicating
no economic benefit for a gas provider [15]. Bellotti et al. assessed the
technical and economic viability of four power-to-fuel solutions,
including methane, methanol, ammonia, and hydrogen, with the Power-
to-Hydrogen process being the most efficient, followed by methanol and
ammonia, and methane being the least efficient. The study also reveals
that the largest expenditures are related to the purchase of electrical

Chemical Engineering Journal 471 (2023) 144725

energy and electrolyzer capital expenditure (CAPEX) and operational
expenditure OPEX and that a 50% reduction in these costs could result in
a significant reduction in fuel production costs [16]. Parra et al. evalu-
ated the economic viability and environmental performance of power-
to-gas (P2G) systems that produce hydrogen or synthetic natural gas
(SNG). No system can compete economically with conventional gas
production systems when selling only hydrogen and SNG; additional
services are required to ensure economic viability. In addition, the
contribution of “clean” renewable electricity to electrolysis is crucial for
the environmental benefits of P2G relative to conventional gas pro-
duction [17]. Salomone et al. investigated the coupling between a
completely renewable energy-based electric profile and a P2G plant for
SNG production. The levelized cost of SNG ranged between 64.5 $/MWh
and 241.9 $/MWh, making it competitive with natural gas prices [18].

In the current research on power-to-methane pathways, the review of
the literature identifies two gaps. The lack of studies examining the
potential and economic viability of power-to-methane in specific regions
or countries, as well as the effects of contextual factors such as regula-
tory frameworks and existing infrastructure, constitutes the first gap.
The second gap is the need for additional research into the effect of input
variables on the commercial viability of power-to-methane systems. The
primary objective of this study is to assess the financial viability and
profitability of a power-to-methane plant in Qatar over a 20-year period,
utilizing key financial metrics such as net present value (NPV), internal
rate of return (IRR), and levelized cost of methane (LCOM). LCOM is a
metric utilized to assess the overall expenses associated with the pro-
duction of methane throughout its lifespan. The calculation involves the
division of the aggregate project cost by the overall quantity of methane
generated. The LCOM metric holds significant utility in facilitating
comparisons between diverse power-to-methane projects and in identi-
fying the economic viability of a given project [19]. Calculating the
LCOM of a power-to-methane project is crucial for a variety of reasons.
First, it gives you a chance to weigh the costs of producing methane
using fossil fuels versus renewable energy sources. Using this knowl-
edge, decisions can be made regarding the most economical means of
producing methane from an energy source [20]. The LCOM metric can
be employed as a means of assessing the financial viability of a power-to-
methane project. If the LCOM is below the prevailing market price of
methane, it is probable that the project will yield profits. In the event
that the LCOM surpasses the prevailing market value of methane, it is
probable that the venture will not yield profits. The LCOM can also be
used to pinpoint the major expenses that influence the cost of a project
that converts power to methane. This information has the potential to
enhance the efficacy and cost-effectiveness of the project [21].

The study also aims to conduct a sensitivity analysis examining the
effects of varying key parameters, such as the selling price of methane,
purchased CO», and discount rates, in order to determine the conditions
under which the power-to-methane plant becomes financially viable and
profitable. Ultimately, this study aims to provide valuable insights and
recommendations for future decision-making processes and develop-
ment strategies for power-to-methane technologies, contributing to the
transition toward renewable energy systems.

2. Methodology

This study employs a techno-economic analysis technique, which is a
technique used to evaluate the technical and financial feasibility of a
project [22]. The following steps comprise the methodology for con-
ducting a techno-economic analysis for the production of renewable
methane:

i. Scope of the study
The specific objective of the study is the production of renewable

methane in Qatar. The geographical and technical limits of the plant,
including its location, feedstock sources, and methods for producing
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renewable gas, comprise the scope of the study. The plant is hypothet-
ically located in Qatar’s Ras Laffan Industrial City, 80 km northeast of
Doha. The location was chosen due to its strategic proximity to indus-
trial plants and its ready infrastructure and supporting facilities.
Regarding feedstock sources and methods for producing renewable gas,
solar energy is used to power the plant, seawater is used to produce
hydrogen (Hj), CO; is purchased, and renewable methane is produced
through a methanation process. Injecting renewable methane into the
grid using an injection station. The study’s limitations include resource
limitations. Due to the scarcity of fresh water in Qatar, seawater desa-
lination is required.

ii. Process design

A mass and energy balance method is utilized to calculate the mass
and energy inputs and outputs of a production process. Solar power
generation is the initial step in the renewable methane production
process design. The 10 MW of electricity generated by solar panels is
used to power the water electrolysis process. Reverse osmosis (RO) is
used to produce the high-quality water required for the water electrol-
ysis process from seawater. Around 1.93 m® of seawater is required per
hour. Water is electrolyzed to produce Hy and oxygen (O2). The process
produces 216 kg of Hy and 1712 kg of oxygen per hour. After the water
electrolysis process produces Hy, it is stored in a high-pressure storage
tank before being sent to the catalytic methanation process to produ-
ce renewable methane. Before being combined with CO9, the Hy pro-
duced by the electrolysis of water is stored in a high-pressure tank. CO2
is purchased from a plant in Qatar’s Ras Laffan Industrial City, which
will supply the production process with captured CO,. The Hj is com-
bined with the purchased CO; using the Sabatier reaction to produce
renewable methane. Based on the provided parameters, 1177 kg of CO»
is required to produce 429 kg of methane, along with 1.48 MW of heat
and 964 kg of water. The renewable methane produced in the Sabatier
reaction is compressed to high pressure and stored in a suitable
container. The final use of renewable methane is the injection into the
natural gas grid. Fig. 1 shows a block flow diagram with the mass and
energy balance of the renewable methane plant. Appendix A in the
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components: CHs, Oz, and heat. These outputs contribute to the plant’s
overall revenue because they can be sold on multiple markets, including
the natural gas, industrial gases, and heating industries. In contrast, the
operating expenses primarily consist of electricity, CO2, and water
consumption costs. Electricity is required to power the plant’s opera-
tions and maintain optimal conditions, whereas CO5 and H»O are pro-
duction process inputs. To provide a comprehensive overview of the
plant’s economic performance, we have compiled a table with the rev-
enue assumptions and operating expenses. Table 1 displays the quanti-
ties and costs of each component necessary for calculating the
profitability of the plant and determining its financial viability. It should
be noted that for the purpose of this analysis, all financial values are
expressed in United States Dollars (USD), unless stated otherwise.

In addition, we intend to provide a comprehensive understanding of
the capital costs associated with the building and operation of the
renewable methane plant. Capital expenses are crucial in determining
the plant’s viability and overall profitability. The capital cost compo-
nents for this plant include plant equipment, construction and building,
office equipment, and furniture and fixtures. The plant equipment, with
a cost of $33,445,606, constitutes the largest proportion of the capital
expenditure. It includes all machinery, apparatus, and devices necessary
for the plant’s efficient operation, from the processing of raw materials
to the manufacturing of the final product. The total cost of capital,
including all of the aforementioned components, is $46,751,218.
Table 2 presents the specific costs for plant equipment, construction and
building, office equipment, and furniture and fixtures of power to the
methane plant. Additionally, Appendix B in the supplemental file in-
cludes additional information regarding each capital cost component. It
provides a detailed breakdown of the expenses within each category,
providing additional insight into the various investments required for
the establishment and operation of the renewable methane plant.

The primary components of the operating costs include the cost of
manufacturing, repair and maintenance, salaries and related staff cost -

Table 1
Operating expenses and revenue assumptions of renewable methane plant.

supplementary file includes a detailed breakdown of the mass and en- Product Name Unit Selling Price  Consumption Cost ~ Reference
ergy balance calculations, along with the equations used to perform the -
. Revenue assumption
calculations. CH, $/kg 2.00 [23]
0, $/kg 0.05 [24]
iii. Cost estimation Heat $/MwW 25 [25]
Operating expenses
. . . Electricity $/MW 15.67 [26]
In this study, we evaluate the revenue assumptions and operating o, $/kg 0.60 [27]
expenses of a renewable methane plant to determine its economic Water $/kg 0.0003 [26]
feasibility. The revenue assumptions for the plant consist of three main
600 Nm® Purchased 1.48 MW
1177kg €O 325°C
27% : €O, Heat
‘e CO- fstea 3
PV capacity 2 600 Nm
apacity Storage _
factor tari 429kg
o ‘ . 1.35 MW 6.62 MWh. CH,
10 MW 20°C 1
38 MW » —_— e CE: . g ol
+ — 2398 m’ e — CHa
3 ' 216 kg . Storage
1199 Nm” Mefhanation
al— O 5N tank
1712 kg 2 — 8.5 MWh
-4 —_—
0, 1. H Wat
Sttt;ilge " Storage 11§9 eers
3 tank
1.93m” Seawater 964 kg
1928 kg Cathode Anode
Electrolyzer
Water treatm ent

Fig. 1. Block flow diagram with mass and energy balance of the renewable methane plant.
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Table 2

Detailed cost breakdown for the construction of a 10 MW,;/6.62 MW renewable
methane production facility, including construction, building, plant equipment,
office equipment, pre-operating expenses, working capital, and contingencies,
with references to detailed cost components in Appendix B and Appendix C.

Chemical Engineering Journal 471 (2023) 144725

Table 3

Breakdown of costs for a 10 MW,/6.62 MW renewable methane production
facility, including manufacturing, repair and maintenance, salaries, utilities, and
administrative expenses, with references to detailed cost components in Ap-
pendix B and Appendix D.

Component Cost ($) of 10 MW,,/6.62 Reference Component Cost ($) of 10 MW,/6.62 Reference
MW enewable methane MW renewable methane
Construction and 11,796,164 [28] Cost of manufacturing
Building More details are in Cost of Electricity 1,253,600 [26]

Table 5 — Appendix C
Plant equipment

Renewable (Solar) 25,726,000 [29]

Seawater Desalination 37,056 [30]

(RO system)

Electrolysis (PEM) 5,000,000

H, storage tank 332,500

CO,, storage tank cost 82,400

CO, compressor 252,625 More details are in

H, compressor 252,625 Table 6 — Appendix C
O, storage tank 82,400
Methanation 1,400,000
Gas grid injection 280,000
station
Total cost 33,445,606
Office equipment 4,258 [31]

More details are in

Table 7 — Appendix B
33,973 [32]

More details are in

Table 7 — Appendix B
37,500 [33]

More details are in

Table 7 - Appendix B
336,081 [30]

More details are in

Table 8 — Appendix C
192,801 [34]

More details are in

Table 9 — Appendix D
904,835 [35]

More details are in

Table 7 — Appendix B

Computer and other
related accessories

Furniture and fixture

Pre-operating expenses

Working capital

Provision for

contingencies

Total cost 46,751,218

direct, utilities and plant overheads, lease rental, salaries, and related
staff cost - indirect, communication expenses, marketing expenses, and
courier and stationery. The cost of manufacturing, which amounts to
$6,905,861, constitutes the largest portion of the operating costs. It
covers the expenses related to electricity, HyO, and CO2, which are
necessary inputs for the plant’s production process. The total operating
cost, incorporating all the listed components, comes to $8,515,624.7.
Table 3 presents the specific costs for all categories, enabling stake-
holders to evaluate the distribution of expenses across the various as-
pects of the plant’s operation in the first year only. Furthermore,
Appendix D in the supplemental file includes more detailed information
on each operating cost component throughout the lifetime of the plant.
It offers a thorough breakdown of the expenses within each category,
giving stakeholders a deeper understanding of the costs required to
maintain and run the renewable methane plant.

The capital costs and operating costs of a power-to-methane plant are
used to calculate the profit and loss (P&L) statement, balance sheet, and
cash flow statement. The P&L statement summarizes the revenues, costs,
and expenses during a specific period [37], as shown in Eq. (1). The
balance sheet provides a snapshot of the plant’s assets, liabilities, and
equity at a specific point in time [38]. The cash flow statement shows
how cash moves in and out of the plant during a specific period, divided
into three sections: operating activities, investing activities, and
financing activities [39].

Net Income = Revenues — (Operating Costs + Depreciation

@

+ Interest Expense + Taxes)

More details are in
Table 1 — Appendix B
5,649,600 [27]
More details are in
Table 1 — Appendix B
Cost of Water 2,661 [26]
More details are in
Table 1 — Appendix B

Cost of CO,

Total cost 6,905,861
Repair and Maintenance
Solar unit 2 %CAPEX/a 514,520 [30]

Desalination 4 %CAPEX/ 1,482
a

Electrolysis 4 %CAPEX/a 200,000
H, storage tank 2 % 4,987.5
CAPEX/a
CO, storage tank costs 4 2,884
%CAPEX/a
O, storage tank 2 % 1,236
CAPEX/a
Gas grid injection station 5,600.00
2% CAPEX/a
Methanation 10 % 140,000
CAPEX/a
Total cost 870,709.7
Salaries and related Staff 72,947 [34]

More details are in

Table 4 — Appendix B
24,000 [26]

More details are in

Table 9 — Appendix D

cost - direct

Utilities and plant
overheads

General and
administrative
expenses
Lease rental 197,260 [34]

More details are in
Table 9 — Appendix D

72,947 [34]

More details are in
Table 3 — Appendix B

Communication expenses 6,575 [36]

More details are in
Table 9 — Appendix D

Marketing expenses 2,740 [36]

More details are in
Table 9 — Appendix D

6,575 [33]

More details are in
Table 9 — Appendix D

Salaries and related staff
cost - indirect

Courier and stationery

Total cost 8,515,624.7

iv. Calculation of levelized costs

To calculate the levelized costs of a power-to-methane plant, one
must first collect the relevant plant data and assumptions, including
capital costs, operational expenses, financing information, and plant
efficiency metrics. Next, calculating total lifetime cost by factoring in
both CAPEX and OPEX, as well as discount rates (10%) and project
lifespan (20 years), as shown in Eq. (2).

Total CAPEX and OPEX,
(1 + discount rate)"

Total Lifetime Cost = Z n = time period 2)

Similarly, calculating the total lifetime output of expected produc-
tion for each year, taking into account the plant’s capacity, efficiency,
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and any potential changes in output over its operational life, as shown in
Eq. (3).

Methane Production,
Total Lifetime Output = Z " n = time period 3)

— (1 + discount rate)"

Finally, to determine the levelized cost, we divide the total lifetime
cost by the total lifetime output, as shown in Eq. (4).

Total Lifetime Cost

Levelized Cost of Methane = Zm

n

4

v. Sensitivity analysis

For a sensitivity analysis of the power-to-methane plant using the
provided values, the following parameters will be adjusted to assess
their impact on the levelized cost:

(i) Selling price of methane. By varying the selling price of
methane, we can determine how changes in the revenue gener-
ated from methane sales will impact the plant’s overall eco-
nomics. Consider various scenarios in which the selling price
increases or decreases from the base value of $2 per kg.

(ii) CO3 costs. In Qatar, the production of natural gas is a significant
economic driver, and the country is the world’s largest exporter
of liquefied natural gas [40]. As a result, the use of power-to-
methane technology to produce renewable natural gas has the
potential to be a critical component of the country’s energy mix.
To optimize the techno-economic performance of power-to-
methane plants in Qatar, it is essential to consider the cost of
CO; sources. CO» is a crucial input for power-to-methane plants,
so changes in the cost of COy can affect the overall plant eco-
nomics. We will conduct a sensitivity analysis by varying the
source of purchasing CO5 cost to determine how the levelized cost
is affected.

(iii) Discount rate. The discount rate reflects the time value of money
and is used to calculate the net present value of future costs and
revenues. In this instance, a base discount rate of 10% is pro-
vided. We will analyze the impact of various discount rates on the
levelized cost to determine how changes in the perceived risk or
opportunity cost of capital affect the viability of the plant. Table 4
summarizes the base and variance values used in this study.

3. Results and discussion

In this section, the results of the considered power-to-methane plant
techno-economic analysis will be presented. The plant’s economic
viability is assessed by analyzing key financial metrics, including capital
and operational expenditures, profit and loss statements, balance sheets,
cash flows, and the levelized cost of methane (LCOM) production. In
addition, an insight into the plant’s financial attractiveness and profit-
ability is presented by calculating its NPV and IRR. In addition, a
sensitivity analysis is performed to determine the effect of changing key
input parameters, such as the selling price of methane, CO5 costs, and

Table 4
Base and variance values used in the sensitivity analysis.
Unit Base  Variance Reference
Selling price of $/kg 2 1.5-3.5 [41]
methane
CO,, costs $/kg  0.60  0.03 (CO, from natural gas [42]
processing)
0.12 (CO, from cement)
0.60 (CO, from direct air
capture)
Discount Rate % 10 0-20
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discount rate, on the LCOM, NPV, and IRR. This analysis identifies the
most important economic drivers of the plant and assesses its adapt-
ability to varying market conditions.

3.1. CAPEX

The CAPEX for the power-to-methane plant can be categorized into
three main segments: plant and machinery, construction and building,
and others. Plant and machinery represent the largest portion of the
investment, consuming $33,445,606, or 72% of the total cost. The high
cost in this category is primarily driven by the expense of solar energy
systems, which accounts for $25,726,000, or 55% of the plant and ma-
chinery costs. This significant expense can be attributed to the need for a
reliable, sustainable, and efficient energy source to power the plant’s
operations, given that electricity is a key input for the power-to-methane
process. Construction and building are the second-largest categories,
comprising $11,796,164 or 25% of the total investment costs. These
expenses correspond to the construction of the physical infrastructure
required to house and support the plant’s operations, including the
buildings, facilities, and other structures. The remaining costs, catego-
rized as others, amount to $1,509,448 or 3% of the total investment
costs. This category includes expenses related to furniture and fixtures,
office equipment, computer, and related accessories, pre-operating ex-
penses, working capital, and provisions for contingencies. While these
costs are smaller in comparison to the other categories, they are essential
for the successful establishment and operation of the power-to-methane
plant. In summary, Fig. 2 presents a breakdown of initial investment
costs for the power-to-methane plant, highlighting the dominance of
plant and machinery costs driven by the solar energy system.

3.2. OPEX

The OPEX associated with the power-to-methane plant can be
divided into three main categories: cost of manufacturing, repair,
maintenance, and others. The cost of manufacturing category represents
the largest share of OPEX, amounting to $6,905,861 or 85% of the total
operational expenses. Within this category, the cost of electricity and the
cost of CO; are the most significant contributors. The cost of electricity
accounts for 15% of the manufacturing costs, as electricity is an essential

Electrolysis
11%

Renewables
55% Methnation

3%

ding

Civil & Construction Works
18%

Parking, road & green areas
2%

Adminstraion block
2%

Fig. 2. Breakdown of initial investment costs for the power-to-methane plant.
A detailed breakdown of initial investment costs can be found in Table 13
-Appendix G.
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input for the power-to-methane production process. Although the plant
utilizes solar power as a sustainable and economical source of elec-
tricity, it poses particular challenges. For plants to run continuously,
robust energy storage solutions are required due to the fluctuating
availability of solar power caused by weather changes [43]. The need for
action to tackle this challenge necessitates investment in energy storage
systems that are both adequate and effective. The cost of purchased CO.,
which is a crucial raw material for methane production, constitutes 69%
of the total cost of manufacturing. The purchase of CO,, which consti-
tutes a substantial proportion of production expenses, poses difficulties
with regard to the dependability of supply, instability of market prices,
and the possibility of future carbon pricing [44]. In order to achieve
cost-effectiveness and sustainability, it may be advantageous to imple-
ment strategies such as procuring extended supply contracts and
investigating carbon capture technologies. The repair and maintenance
category includes the expenses related to maintaining and repairing the
plant’s equipment and facilities, amounting to $870,710 or 11% of the
total OPEX. Regular repair and maintenance activities are essential to
ensure the plant operates efficiently and to prevent unexpected break-
downs or production disruptions. Moreover, retaining qualified staff,
maintaining a spare parts inventory, and performing routine preventive
maintenance are all essential components of effective repair and main-
tenance cost management. The implementation of these measures is of
utmost importance in order to prevent unforeseen operational in-
terruptions and to uphold optimal plant productivity. The remaining
operational expenses, totaling $383,044 or 5% of the OPEX, cover a
variety of costs, including (i) wages and benefits for employees directly
involved in the production process, (ii) costs for services like water,
heating, and waste management, as well as other plant-related expenses,
(iii) expenses associated with leasing land or facilities for the plant. (iv)
wages and benefits for employees not directly involved in the production
process, such as administrative and support staff, (v) costs related to
telephone, internet, and other communication services required for the
plant’s operations, (vi) expenses incurred in promoting and selling the
plant’s methane output, such as advertising and public relations efforts,
and (vii) costs associated with shipping, mailing, and purchasing office
supplies. Challenges arise in relation to staff retention, efficient utility
use, and effective plant management with respect to various operational
expenses. The implementation of comprehensive human resource pol-
icies, energy conservation practices, and efficient plant management
strategies is crucial for cost control purposes. Robust financial planning
and risk management strategies are deemed essential due to the po-
tential variability in the costs of raw materials, utilities, and labor.
Comprehending market trends, proficiently managing the supply chain,
and implementing proactive maintenance planning are crucial aspects of
mitigating risks linked to cost fluctuations. In summary, Fig. 2 presents a
breakdown of OPEX for the power-to-methane plant, with the cost of
CO; and electricity being the most significant contributors. Additionally,
repair and maintenance expenses, as well as various other costs associ-
ated with staffing, utilities, and plant operations, contribute to the
overall operational expenditures (See Fig. 3).

3.3. Profit and loss (P&L) statement

The P&L statement shows the financial performance of a power-to-
methane plant over a period of five years, as shown in Table 5, and
the full table for 20 years is provided in Table 9 - Appendix D. The P&L
statement shows a consistent rise in the plant’s expenses over time,
including operating costs and general and administrative costs. There
are a number of connected factors that have caused this escalation. First,
the cost of manufacturing has risen primarily as a result of an overtime
gradual increase in the price of raw materials, particularly CO2. Given
how important CO» is to manufacturing costs, even small changes in its
market price have a big impact on overall manufacturing costs. Second,
the increase in Salaries & Related Staff Costs is the result of the plant’s
increased operational requirements due to the expansion of its
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Fig. 3. Breakdown of OPEX for the power-to-methane plant. A detailed
breakdown of OPEX can be found in Table 14 - Appendix G.

production capacity. Additionally, rising staff costs are a result of market
trends in wages and inflation. Thirdly, utilities and plant overheads have
increased as well, reflecting gradually rising utility rates. Additionally,
the cost of utilities and overheads rises as the plant’s operations grow,
which also adds to the cost increase. Fourthly, general and administra-
tive expenses, including rent payments on leases, indirect staff costs,
communication costs, marketing costs, and others, are subject to oper-
ational scaling and inflation. The aforementioned variables have
contributed to a gradual escalation of the associated expenses. The
recurring nature of the plant’s maintenance schedule has kept repair and
maintenance costs constant in the meantime. Finally, the significant
depreciation costs observed can be attributed to the substantial initial
investment made in the plant, property, and equipment. The straight-
line depreciation method that has been selected distributes the cost
uniformly throughout the assets’ lifespan, leading to elevated depreci-
ation expenses during the initial years.

The plant’s revenue has been steadily increasing over the years,
reaching a total of $18,738,299 in year 20. However, the plant’s ex-
penses, including operating expenses and general and administrative
expenses, have also been increasing over the years. The gross profit,
which is the difference between revenue and the cost of products sold
(methane, heat, and O3), has been increasing over the years, indicating
that the plant is becoming more profitable. Similarly, the net operating
income has also been increasing each year, showing that the plant is
generating more income after accounting for all operating expenses.
However, looking at the net profit, which is the bottom line, it is
noticeable that the plant has incurred losses in the first three years. The
losses are mainly due to high depreciation expenses, which are non-cash
expenses, and the high cost of manufacturing in year 1. Nonetheless, the
plant has been profitable from year eight onwards, with a net profit of
$386,811 in year eight and a total net profit of $7,597,298 in year 20.

3.4. Balance sheet

Based on the provided balance sheet, which can be found in Table 11
— Appendix E, it can be seen that the non-current assets of the power-to-
methane plant are primarily composed of property, plant, and equip-
ment with a gross book value of $45,317,501. Over the course of 20
years, the accumulated depreciation on these assets amounts to
$40,804,916, resulting in a net book value of $4,512,584. The current
assets of the plant consist of accounts receivable, prepayments and other
receivables, and cash and bank balances, with a total value of
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Table 5
Profit and Loss statement for a Power-to-Methane plant over five years with the full table for 20 years provided in Table 9 - Appendix D.

Description Year 1 Year 2 Year 3 Year 4 Year 5

Revenue 8,114,800 8,464,848 8,832,124 9,217,488 9,621,841

Operating expenses
Salaries & related Staff cost - Direct 72,947 76,589 80,413 84,428 88,644
Cost of Manufacturing 6,905,861 6,930,986 6,956,614 6,982,754 7,009,417
Utilities and plant overheads 24,000 25,200 26,460 27,783 29,172

Total operating expenses 7,002,807 7,032,774 7,063,486 7,094,965 7,127,233

Gross Profit/(Loss) 1,111,993 1,432,074 1,768,638 2,122,524 2,494,608

General and administrative expenses
Lease rental 197,260 197,260 197,260 197,260 197,260
Salaries & related Staff cost - Indirect 72,947 76,589 80,413 84,428 88,644
Communication Expenses 6,575 7,890 9,468 11,362 13,635
Marketing Expenses 2,740 2,740 2,740 2,740 2,740
Courier & Stationery 6,575 6,773 6,976 7,185 7,401
Repair & Maintenance 870,710 870,710 870,710 870,710 870,710
Pre-operating expenses (69,615) - - - -

Total general expenses 1,087,192 1,161,961 1,167,567 1,173,685 1,180,389
Net Operating income 24,800 270,112 601,072 948,839 1,314,219
Depreciation 2,164,015 2,164,015 2,164,015 2,164,015 2,164,015

Net profit (2,139,215) (1,893,903) (1,562,944) (1,215,177) (849,796)

$82,114,138 at the end of the 20th year. This shows a significant in-
crease from the initial amount of $933,679 at year 0, which can be
attributed to the successful implementation and operation of the power-
to-methane plant.

On the equity and liabilities side, the capital/equity remains constant
at $46,751,218 throughout the 20 years, while the retained earnings
start from a negative value of $270,098 at year 0, gradually increasing to
$31,467,376 at year 19. This signifies a positive trend in the plant’s
profitability over time. The non-current liabilities of the plant are rela-
tively insignificant, with staff termination benefits amounting to only
$156,526 at the end of year 20. Meanwhile, the current liabilities consist
of accounts payable and accrued expenses with a total value of $654,305
in year 20. Overall, the balance sheet reveals a positive financial status
of the power-to-methane plant, with a steady increase in equity and
profitability over the years. It also demonstrates efficient management
of assets and liabilities, resulting in a significant increase in the plant’s
cash and bank balances. However, more detailed analysis and compar-
ison with industry standards and benchmarks may be necessary to assess
the plant’s financial performance in a broader context.

3.5. NPV, IRR, and LCOM

Table 6 provides information on the net cash flow, total cash inflow,
total cash outflow, NPV, IRR, and LCOM of a power-to-methane plant
over a period of five years, and the full table for 20 years is provided in
Table 12 — Appendix F.

Table 6

The key findings provide valuable insights into the viability and
profitability of the power-to-methane plant. In a sensitivity analysis,
which will elucidate the conditions necessary for the power-to-methane
plant to become financially viable and profitable, these insights will be
investigated further. The performed analysis revealed the following key
insights:

e The net cash flow from operations increased over the lifetime of the
power-to-methane plant, indicating a growing capacity to generate
cash. However, it was not enough to cover the initial investment and
ongoing costs.

e The power-to-methane plant experienced sporadic cash outflows

over the course of the period, reflecting the costs and expenses

associated with its development, operation, and maintenance.

NPV of the power-to-methane plant, calculated using a discount rate

of 10%, was found to be negative —3,818,163. This implies that the

power-to-methane plant is expected to generate a net loss over the
20-year period, rendering it financially unviable based on the current
assumptions.

IRR for the power-to-methane plant was —1%, further emphasizing

the plant’s lack of profitability under the given conditions.

e LCOM was calculated to be 1.75 $/kg, providing a useful benchmark
for comparing the cost of methane production with alternative plants
or energy sources.

To gain a deeper understanding of the potential viability of the

Summary of financial performance indicators for a power-to-methane plant over a five-year period, including net cash flow, total cash inflow, total cash outflow, NPV,
IRR, and LCOM. The complete 20-year analysis can be found in Table 12 — Appendix F.

Description Year O Year 1 Year 2 Year 3 Year 4
Present value factor 10.0% 0.909090909 0.826446281 0.751314801 0.683013455
Net Cashflow from Operations (76,367) 247,933 577,744 924,304
Total Cash Inflow (76,367) 247,933 577,744 924,304
Total Cash Outflow (45,317,501) - - - (33,973)

Net Cash flow (45,317,501) (76,367) 247,933 577,744 890,331

PV of Net Cashflow (45,317,501) (69,424) 204,904 434,068 608,108

NPV (3,818,163)

IRR -1%

LCOM ($/kg) 1.75
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power-to-methane plant, a sensitivity analysis will be conducted. This
analysis will examine the effects of varying key parameters, such as the
selling price of methane, electricity costs, and purchased CO, discount
rates, to determine the financial viability and profitability of the plant.
By identifying these conditions, future power-to-methane plant devel-
opment and decision-making processes can be better informed. As
currently modeled, the power-to-methane plant is neither financially
viable nor profitable. However, the upcoming sensitivity analysis will
shed light on the conditions that could lead to a positive NPV and an
acceptable IRR, thereby making the plant an investment worth making.

3.6. Sensitivity analysis

Fig. 4 presents a sensitivity analysis of the power-to-methane plant,
focusing on the impact of the annual operational hour of the plant on
LCOM. The reference point for this analysis is the annual operational
hour of 8000 h. The sensitivity analysis examines how the plant’s LCOM
is affected by different annual operational hours, ranging from 2000 h to
8760 h. This assessment is essential for understanding the financial
viability of the plant under various market conditions and pricing
scenarios.

The sensitivity analysis reveals several trends concerning the rela-
tionship between the annual operating hours and the LCOM. At the
lower end of the scale, with 2,000 annual operational hours, the LCOM is
found to be $2.90. As the annual operational hours doubled to 4,000, the
LCOM decreased significantly to $2.14. This trend of decreasing LCOM
continues as the annual operational hours increase further. At 6,000
operational hours, the LCOM drops to $1.88, and at 8,000 operational
hours, it reaches $1.75. When the plant operates at its maximum ca-
pacity, with 8,760 operational hours per year, the LCOM is at its lowest
value of $1.72. The observed decrease in LCOM with increasing annual
operational hours can be attributed to the increased utilization of the
plant infrastructure, which results in a more efficient distribution of the
fixed costs associated with the plant’s construction and maintenance.
Additionally, the increased production volume of renewable methane
permits economies of scale, which can reduce production costs. Addi-
tionally, Table 7 compares LCOM values from our study with values
found in the literature, highlighting the general alignment and varia-
tions between the studies to provide a comprehensive overview of
methane production costs across different contexts and technologies.
Our study’s LOCE values, ranging from $1.75 to $2.90/kg with a base
value of $1.75/kg, generally align with the values found in the litera-
ture. In some instances, the LCOM values from the literature exhibit a

35

2.90

g
n

2.14

[\

LCOM ($/kg)
&

0.5

2000 4000

Chemical Engineering Journal 471 (2023) 144725

Table 7
Comparison of LCOM values from our study with values found in the literature.
LCOM from our study Unit LCOM from the literature Unit Reference
1.75-2.90 $/kg 4-4.9 $/kg [45]
0.56-3.4 [46]
1.16-2.07 [47]
2.01 [48]
1.66-2.45 [49]

substantial overlap with our findings, whereas, in others, there are
discernible differences. Variations in the underlying assumptions and
methodologies may account for these discrepancies, as well as differ-
ences in capital costs, feedstock prices, technology efficiency, regional
factors, and the scope of each study. For example, we found that the
LCOM ranges from 1.75 to 2.90 $/kg. This is lower than the LCOM range
found in the literature, which is 4-4.9 $/kg. One of the main reasons for
this difference is the high cost of electricity in the literature [45]. The
cost of electricity is a critical component of the overall cost of the power-
to-methane plant. In the literature, the high cost of electricity has a
significant impact on the LCOM. In contrast, our sensitivity analysis
takes into account the cost of electricity in Qatar, where it is relatively
cheap. This lower cost of electricity in Qatar has a significant impact on
the overall LCOM of the power-to-methane plant. The lower LCOM in
Qatar due to the low cost of electricity is a significant advantage for the
country. This advantage makes the power-to-methane technology more
financially viable in Qatar compared to other countries with higher
electricity prices. This advantage can also be leveraged to make Qatar a
leader in the production of renewable methane.

Table 8 presents a sensitivity analysis of the power-to-methane plant,
focusing on the impact of varying CO; costs from different sources on the
NPV and the LCOM. After conducting a sensitivity analysis of the power-
to-methane plant, we revealed that sourcing CO2 from natural gas pro-
cessing plants in Qatar is the most viable option. By sourcing CO; from

Table 8

Sensitivity analysis of the power-to-methane plant, demonstrating the impact of
varying CO, costs from different sources on NPV and LCOM, highlighting the
influence of CO, sourcing scenarios on the plant’s financial performance.

CO,, source CO; cost ($/kg) NPV ($) LCOM ($/kg)
Natural gas processing 0.03 21,332,702 0.88
Cement 0.12 14,182,167 1.13
Direct Air Capture 0.60 (3,818,163) 1.75
1.88
1.75 1.72
6000 8000 8760

Annual Operational Hours (h)

Fig. 4. Sensitivity analysis of the power-to-methane plant, illustrating the relationship between annual operational hours and the LCOM, highlighting the influence

of varying annual operational hours on the plant’s financial performance.
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natural gas processing plants, the cost of CO, is significantly reduced,
resulting in a more financially viable plant. At a CO cost of $0.03/kg,
the NPV is significantly positive, at $21,332,702, and the LCOM is
$0.88/kg. This scenario indicates that the plant is financially viable and
profitable, as the lower CO, cost improves the plant’s overall economics.
When CO; is sourced from direct air capture at the cost of $0.60/kg, the
financial performance of the plant declines. The NPV falls to
-$3,818,163, and the LCOM rises to $1.75/kg. The negative NPV in-
dicates a net loss over the lifetime of the plant, and the higher CO5 cost
has a negative impact on the economics of the plant. Sourcing CO5 from
cement production at the cost of $0.12/kg is also an option, but the
financial performance of the plant is reduced. The NPV decreases to
$14,182,167, and the LCOM reduces to $1.13/kg. Although the financial
performance has diminished, the plant remains profitable in this situa-
tion, as the NPV remains positive, and the LCOM is still relatively low.
Based on our analysis, it is evident that the most viable option for
optimizing the techno-economic performance of power-to-methane
plants is to obtain CO» from natural gas processing plants in Qatar.

The advantages of sourcing CO3 from natural gas processing plants in
Qatar go beyond the power-to-methane plant’s financial performance.
The carbon footprint of Qatar’s natural gas industry can be reduced by
utilizing CO5 from natural gas processing plants. This reduction in car-
bon footprint has the potential to be a significant step toward the
country’s carbon emission reduction goals. In addition to financial and
environmental advantages, sourcing CO, from natural gas processing
plants in Qatar may have geopolitical implications. Qatar can reduce its
reliance on imported COy by using CO, from domestic sources, which
can be geopolitically advantageous given the region’s current political
climate.

Fig. 5 presents a sensitivity analysis of the power-to-methane plant,
focusing on the impact of the selling price of methane on the NPV and
the IRR. The sensitivity analysis examines how the plant’s financial
performance, as measured by NPV and IRR, is affected by different
selling prices for methane, ranging from $1.5/kg to $3.5/kg. This
assessment is essential for understanding the financial viability of the
plant under various market conditions and pricing scenarios. As the
selling price of methane increases, both NPV and IRR improve. This
relationship indicates that higher selling prices lead to better financial
performance for the plant. At a selling price of $1.5/kg, the NPV is
significantly negative ($24,396,212.20), and the IRR is —5%. In this
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scenario, the plant is not financially viable, as it is expected to generate
substantial losses. At the reference selling price of $2/kg, the NPV
further improves to ($3,818,163.00), and the IRR rises to —1%. In this
case, the plant is still not profitable, but the financial performance is
closer to a break-even scenario. As the selling price continues to rise,
both NPV and IRR improve. For instance, at a selling price of $2.5/kg,
the NPV turns positive at $16,759,886.19, and the IRR increases to 3%.
At higher selling prices of $3/kg and $3.5/kg, the NPV reaches
$37,337,935.38 and $57,915,984.58, respectively, while the IRR grows
to 7% and 10%. In these scenarios, the plant becomes financially viable
and profitable. To sum up, the financial viability and profitability of the
power-to-methane plant are highly sensitive to the selling price of
methane. The plant becomes financially viable and profitable at selling
prices above $2.5/kg, with the NPV turning positive and the IRR sur-
passing the break-even threshold.

The results of our sensitivity analysis demonstrate that an increase in
the selling price of methane leads to an enhancement in both NPV an-
d IRR. However, it is crucial to take into account the wider market dy-
namics and potential hazards associated with depending on these
elevated prices to ensure the economic feasibility and profitability of the
power-to-methane plant. Initially, the competitive environment may
present a noteworthy obstacle. Supply might outpace demand as more
competitors enter the market, potentially resulting in a drop in selling
prices. In addition, the progression of technology may result in enhanced
production techniques, thereby reducing expenses and ultimately
causing a decline in prices. Furthermore, the dependence on elevated
selling prices may render the facility vulnerable to fluctuations in the
market. Like the price of any commodity, methane can change due to
shifts in supply and demand dynamics, legislative changes, geopolitical
factors, and other macroeconomic factors. The instability of revenues
resulting from volatility has the potential to affect the financial perfor-
mance of the plant. Moreover, the selling prices may be affected by
regulatory risks. For instance, modifications to environmental regula-
tions could affect the demand for methane and, as a result, its selling
price. To summarize, the outcomes of our sensitivity analysis indicate
that the financial performance of the power-to-methane plant can be
enhanced by increasing the selling prices of methane. However, it is
crucial to apply prudence while interpreting these results, considering
the possible market dynamics and associated risks linked to the elevated
prices. Hence, although elevated selling prices may enhance the plant’s
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Fig. 5. Sensitivity analysis of the power-to-methane plant, illustrating the relationship between the selling price of methane and NPV as well as IRR, highlighting the
influence of varying selling prices on the plant’s financial performance and profitability.
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Fig. 6. Sensitivity analysis of the power-to-methane plant, showcasing the relationship between varying discount rates and NPV, highlighting the influence of

different discount rates on the plant’s financial evaluation and viability.

financial feasibility in the near future, a comprehensive risk manage-
ment plan and expansion of income sources could guarantee the plant’s
enduring profitability and viability.

Fig. 6 presents a sensitivity analysis of the power-to-methane plant,
focusing on the impact of varying discount rates on the NPV. This
assessment is essential for understanding the financial viability of the
plant under various assumptions of the time value of money and po-
tential risks. As the discount rate increases, the NPV decreases. This
relationship indicates that higher discount rates, which account for
higher risk and opportunity costs, lead to a lower perceived value of the
plant. At a discount rate of 0%, the NPV is significantly positive, at
$97,133,187. In this scenario, the plant is considered highly financially
viable, as future cash flows are valued equally to those generated today.
When the discount rate increases to 5%, the NPV decreases to
$28,446,706. At the reference discount rate of 10%, the NPV further
declines to ($3,818,163). In this case, the plant is not financially viable,
as the negative NPV indicates a net loss over the plant’s lifetime. As the
discount rate continues to rise, the NPV deteriorates further. For
instance, at discount rates of 15%, the NPV falls to ($20,138,053). In this
scenario, the plant is increasingly less financially viable, as the higher
discount rates reflect greater risks and opportunity costs. In conclusion,
the financial viability of the power-to-methane plant is highly sensitive
to the chosen discount rate. The plant becomes less financially viable as
the discount rate increases, with the NPV turning negative at a discount
rate of 10%.

4. Conclusion

In conclusion, this study has provided a comprehensive techno-
economic analysis of a power-to-methane plant in Qatar, using a
rigorous methodology to evaluate both the technical feasibility and
financial viability of such a plant. The results have enabled a better
understanding of the economic potential of renewable methane pro-
duction by providing insights into the investment and operational costs
associated with similar plants.

Our primary findings indicate that the CAPEX for power-to-methane
plants is dominated by plant and machinery costs, with the solar energy
system constituting a substantial portion of the total investment (55%).
The OPEX is driven primarily by the cost of inputs, with the cost of
purchased CO; and electricity having the greatest impact. The detailed
analysis of the plant’s financial performance over the previous 20 years,
including the profit and loss statement, balance sheet, and key insights
into cash flow, NPV, IRR, and LCOM, reveals a mixed outlook. Despite
increasing trends in gross profit and net operating income, the NPV and

10

IRR suggest that the power-to-methane plant may not be financially
viable under the current assumptions (selling price of methane is 2 $/kg
and the cost of CO3 is 0.6 $/kg), potentially resulting in a net loss over
the 20-year period. This highlights important considerations about the
feasibility of the plant and its ability to generate sustainable returns on
investment. Various strategies could potentially address these financial
challenges, including operational efficiencies, technological advance-
ments, diversification of revenue streams, or changes in the financial
structure of the plant.

The sensitivity analysis has shed light on the viability of the power-
to-methane plant under various conditions. The financial performance
of the plant is highly sensitive to key parameters such as the selling price
of methane, the cost of electricity, and the cost of purchased COs. It is
clear that the financial viability and profitability of these plants are
subject to certain conditions and parameters, and changes in these can
lead to a positive NPV and an acceptable IRR — (For example, if the
selling price of methane is 2.5 $/kg and the cost of COs is 0.6 $/kg). This
knowledge can inform the decision-making processes and strategies for
future power-to-methane plant development and investment, thereby
contributing to the larger transition toward renewable energy and sus-
tainable solutions. By identifying the critical factors that affect the
profitability of power-to-renewable methane plants, stakeholders can
optimize plant design, operations, and financial structures to create
plants that are economically viable. These facilities can contribute to
meeting global energy demands while reducing greenhouse gas emis-
sions and accelerating the transition to a cleaner, more sustainable en-
ergy future.

In addition, future research can build upon the findings of this study
to improve our understanding of the operations of power-to-renewable
methane plants and their financial viability. The following areas of
investigation are recommended for future research:

¢ Analyze the potential synergies and benefits of integrating power-to-
methane plants with other renewable energy sources like wind and
hydropower. Through such integration, investigating into the po-
tential for energy storage, grid balancing, and demand management
can reveal new opportunities for cost optimization and improved
plant performance.

e Examine the impact of location-specific factors on the financial
performance of power-to-methane plants, including resource avail-
ability, infrastructure, and market dynamics. Assessing the oppor-
tunities and challenges associated with developing these plants in
various geographical contexts can aid stakeholders in identifying
optimal plant deployment locations and strategies.
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e Conduct a thorough life cycle assessment of power-to-methane plants
in order to better comprehend their environmental impacts and
viability. This evaluation should encompass the entire plant life
cycle, from extraction and production of raw materials to operation,
maintenance, and eventual decommissioning. Evaluating the envi-
ronmental footprint, greenhouse gas emissions, and resource con-
sumption of power-to-methane plants will provide a more
comprehensive understanding of their sustainability credentials and
assist in identifying areas for improvement.

Researchers and industry stakeholders can contribute to the ongoing
development and deployment of power-to-renewable methane plants as
a sustainable and economically viable solution for decarbonizing the
energy sector by pursuing the recommended future studies.
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