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Green hydrogen, produced from renewable energy sources such as wind and solar, is increasingly recognized as a critical enabler of the global energy transition and the decarbonization of industrial and transport sectors. The successful adoption of green hydrogen and its derivatives is closely linked to production costs, which can vary substantially between countries, depending not only on resource potential but also on country-specific financing conditions. These differences arise from country-specific risk factors that affect the costs of capital, ultimately influencing investment decisions. However, comprehensive assessments that integrate these risks with future cost projections for renewable energy, green hydrogen, and its synthetic downstream products are lacking. Using the Middle East and North Africa (MENA) as an example, this study introduces a novel approach that allows to incorporate mainly qualitative country-specific investment risks into quantitative analyses such as cost-potential and energy modelling. Our methodology calculates weighted average costs of capital (WACC) for 17 MENA countries under different risk scenarios, providing a more nuanced assessment compared to traditional models that use uniform cost of capital assumptions. The results indicate significant variations in WACC, such as between 4.67% in the United Arab Emirates and 24.84% in Yemen or Syria in the business-as-usual scenario. The incorporation of country-specific capital cost scenarios in quantitative analysis is demonstrated by modelling the cost-potential of Fischer-Tropsch (FT) fuels. The results show that country-specific investment risks significantly impact costs. For instance, by 2050, the starting LCOFs in high-risk scenarios can be up to 180% higher than in lower-risk contexts. This underlines that while renewable energy potential and its cost are important, it are the country-specific risk factors—captured through WACC—that have a greater influence in determining the competitiveness of exports and, consequently, the overall development of the renewable energy, green hydrogen and synthetic fuel sectors.
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1 INTRODUCTION
So called green hydrogen, produced from renewable sources such as wind and solar, is increasingly being recognised as a key strategic element to drive the global energy transition and the decarbonization of the industrial and transport sector forward. The acceptance and widespread application of green hydrogen and its derivatives, however, will strongly depend on the costs. A key element driving the cost are the expenses for renewable electricity. Therefore, countries with high renewable energy potential that can produce renewable electricity at low cost are expected to become the leading producers and exporters of green hydrogen and its synthetic downstream products. In this context the Middle East and North Africa (MENA) are frequently highlighted as potential future producers and exporters due to their favourable solar and wind energy potentials and geographic proximity to major demand centres in Europe and/or Asia.
The costs and, more generally, the decision whether to invest in a particular technology are strongly influenced by country-specific circumstances. This is particularly true for capital-intensive renewable energies, where investment and financing costs are the primary determinant of the levelised cost of electricity (LCOE) (Egli, 2020; Waissbein et al., 2013). The same applies to the production of synthetic fuels derived from renewable energies, where energy costs are also the largest cost factor. In the production of hydrogen with electricity from wind and solar sources, for example, the average share of energy costs in the total costs is around 50%–70%. Differences in financing costs (debt and equity) can therefore strongly influence the development of the green hydrogen sectors in different countries. The impacts of country risks on the cost of capital can be reduced through various mechanisms, such as guarantees, off-take agreements or initial financing from national or multilateral development banks (Hamilton, 2011). These mechanisms play a key role in reducing the risks associated with entering certain markets. In the long term, however, the development and expansion of the renewable and synthetic fuel sector requires significant investment on a large scale from the private sector (Waissbein et al., 2013). Accordingly, it is necessary to take into account the risks perceived by private investors and assess the impact of these risks on financing costs and ultimately on electricity, hydrogen and synthetic fuel generation costs (Schinko and Komendantova, 2016).
So far, however, the impact of country risks on costs has been included only to a very limited extent in the systematic assessment of country potentials (Bogdanov and Child, 2019; Labordena et al., 2017). Most research on risks in the renewable sector is qualitative and only a few studies have investigated how country risks are reflected in the cost of capital (Schinko and Komendantova, 2016). Exceptions are the studies by Peters (2011), who examines the economics of solar energy technologies in the United States, Germany, Spain, China and Egypt, and Schmidt et al. (2012), who analyse the costs of wind and solar energy in six selected developing countries. Furthermore, Ondraczek et al. (2013) show that the capital costs for photovoltaics have a stronger influence on the electricity production costs worldwide than the quality of solar resources. Similarly, Schinko and Komendantova (2016) conclude that for North Africa, the capital costs for Concentrated Solar Power (CSP) are much higher than in Europe, and that risk reduction can have a strong impact on the cost of electricity generation. In this context, Labordena et al. (2017) have shown in their study that variations in risk between countries affect the cost of electricity from CSP more than variations in solar resources, even in Southern Africa. The previous studies thus show that country risks have a significant influence on costs and thus ultimately also on the investment decision.
The fact that capital cost differences between countries have hardly been taken into account so far does not only apply to the analysis of today’s situation, but also to the future costs for renewable energies as well as green hydrogen, synthetic fuels and their precursors. Thus, when modelling energy scenarios, largely uniform assumptions on capital costs are used for all countries worldwide. For example, the International Energy Agency (IEA) assumes capital costs of 7%–8% for all countries, the International Renewable Energy Agency (IRENA) assumes 7.5% for OECD countries and China, and 10% for the rest of the world (Bogdanov and Child, 2019; Egli et al., 2019). This approach is criticised by Egli et al. (2019), among others, because while it allows for the comparison of technologies, the results can be distorted or even reversed when comparing across different countries. In general, the lack of consideration of country risks in the capital costs means that the costs in developing and emerging countries are assumed to be too low and too high for industrialised countries (ibid.), which does not allow a realistic statement about future expansion and export potentials. Despite the existing criticism, however, there are as yet no accepted methods for projecting country risk costs for the future. According to Bogdanov and Child (2019), using today’s capital costs is not an option, as the country situation can change over time, resulting in a higher bias than with uniform capital cost assumptions.
To address this research gap, this study develops an approach that allows considering the impact of country-specific risks on the future costs of renewable electricity and green hydrogen-based synthetic fuels. In specific, this approach can be used to calculate country-specific weighted average costs of capital (WACCs) for different scenarios. WACC is a financial metric that is used to measure overall cost of capital, accounting for costs of its equity and debt, serving as a tool for determining the economic viability of potential investments. The determined country-specific WACCs can then be applied in the context of cost-potential analysis (CPA) or energy scenario modelling to compare and analyse country-specific differences. In this study, the approach was applied to calculate WACCs for three risk scenarios for 17 countries in the MENA region. The group of countries studied includes Algeria, Bahrain, Egypt, Iraq, Iran, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia, the United Arab Emirates (UAE) and Yemen. The determined country-specific WACC scenarios were subsequently applied in the modelling of cost-potentials (CPs) to investigate the influence of country risks on the future costs of renewable electricity and synthetic fuels that could be produced and made available for export in the analysed MENA countries. The results could inform the development of investment strategies that account for risk differentials, potentially enhancing the economic sustainability and resilience of the green hydrogen development in the MENA region. For policymakers, understanding the interplay between country risks and WACC allows for the creation of more informed and effective policies. This could include incentives for investments in regions with higher risks or support mechanisms like guarantees or insurance to lower the effective WACC and attract private investment.
2 METHODS
To account for the costs of country risks, the risks must first be mapped and then converted into costs. To this end, an approach was developed to determine country-specific WACCs for different scenarios (Figure 1). First, risks for renewable energy and synthetic fuel sectors are assessed for each country, including a business-as-usual scenario (risk_bau) and two opposing scenarios (risk_pos and risk_neg). Next, current equity and debt capital costs (WACC-bau) are calculated. Future capital costs are then determined by quantifying risk contributions to current financing costs and adjusting for the two risk scenarios (WACC-pos and WACC-neg).
[image: Figure 1]FIGURE 1 | Overview of country risk cost assessment and cost-potential analysis approach.
In a second step, these WACC scenarios are applied in a CPA to assess their impact on renewable electricity and FT-based synthetic fuel generation costs in different countries. The methods for determining WACCs and cost-potential modelling are outlined in the following sections.
2.1 Future risk costs calculation approach
2.1.1 Analysis of country risks and development of risk scenarios
The basis for determining country-specific risk costs is an assessment of individual country risks (Table 1) for the development of the renewable energy, green hydrogen, and synthetic fuel sectors. Eleven risks were assessed in detail for each of the 17 MENA countries, evaluated along two dimensions: “likelihood” and “impact.” Likelihood, as defined by ISO 31000 (2018), refers to the probability that an event will occur, while impact refers to the consequences of that event, which can be positive or negative, direct or indirect (ISO, 2018). These dimensions were combined into a single risk value (Aven, 2017), with higher values indicating higher risk. In this study, likelihood and impact were scored on a five-point scale and multiplied to calculate the risk value, resulting in an assessment for each risk in both sectors. The individual risk scores were then aggregated into an overall country risk score, which ranged from a minimum of 11 to a maximum of 275 points (Terrapon-Pfaff et al., 2024).
TABLE 1 | Overview of country risks considered in the risk assessment (Terrapon-Pfaff et al., 2024).
[image: Table 1]Although risk assessments typically reflect current or near-future risks, this study aimed to estimate long-term risks. Therefore, three risk scenarios were developed: a baseline scenario (risk_bau), a positive scenario (risk_pos) where risks decrease, and a challenging scenario (risk_neg) where risks increase. These scenarios were tailored to each of the 17 MENA countries, with risks assessed accordingly. While each risk and country may evolve differently, this approach expands the exploration of possibility ranges. The resulting risk scores (provided in the Supplementary Materials 1, 2) serve as the basis for estimating country-specific risk costs.1
2.1.2 Determination of current country-specific risk costs
To translate country risks into costs, their impact on the cost of capital is measured, based on the assumption that higher risks require higher returns, thus raising capital costs (Waissbein et al., 2013). This study follows the UNFCCC (2015) recommendation to use country-specific WACCs when financing cost details are unavailable, as seen in similar studies (e.g., Labordena et al., 2017; Noothout et al., 2016; Ondraczek et al., 2013; Schinko and Komendantova, 2016). The level of the WACC is thus viewed as an indicator of the risk level in a country. The required capital can be sourced from external parties, such as investors and banks, or from internal resources. It is calculated from the cost of equity and debt capital and their ratio, with debt representing a real cost and equity an opportunity cost (Ondraczek et al., 2013).
In this study, equity and debt costs are distinguished across 17 countries for both the renewable energy as well as green hydrogen and synthetic fuel sectors using country risk premiums. Differentiating between renewable energy technologies such as solar and wind, and emerging technologies like green hydrogen, due to varying degrees of technological maturity, infrastructure needs, and regulatory environments. Renewable energies are well-established and clear regulatory frameworks often exists, whereas green hydrogen and the subsequent synthesis processes are still in their early stages, facing greater uncertainties and complexities. This includes challenges such as the need for new infrastructure, adaptation of existing networks, and a less developed, more complex supply chain that requires specialised equipment and materials. However, no distinction is made between individual technologies, as the variation in capital costs between technologies is minimal compared to country differences (Egli et al., 2019), and cross-country cost variations for a given technology are hard to quantify (Ondraczek et al., 2013). Therefore, uniform technology risk premiums were assumed for renewable energy, green hydrogen, and synthetic fuels. The cost of capital consists of three components: interest on safe investments, country risk premium, and technology risk premium, with separate calculations for equity and debt cost. The cost of debt (CoD) is calculated according to Equation 1:
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The risk-free interest rate is based on long-term debt securities, specifically the average interest rate on 10-year US government bonds (0.86% p.a., March 2019). Country risk premiums are derived from Damodaran (2020), which provides sector-averaged data. While specific data for renewable or synthetic fuel sectors is unavailable, the risks differ, especially given that the synthetic fuel sector is still in its early stages. Therefore, the average country risk premium from Damodaran (2020) was used for the renewable sector, with an additional country-specific technology risk premium added for synthetic fuels.
For debt costs, the technology-specific risk premiums—representing inherent risks of each technology—were set at an average of 4% for renewable energy and 5% for synthetic fuels, based on literature (Henbest et al., 2015; Noothout et al., 2016) and expert opinions. The applied parameters are summarized in Table 2 (a detailed overview of the financial input data can be found in the Supplementary Material 3).
TABLE 2 | Overview of parameters used to calculate the weighted average cost of capital (WACC).
[image: Table 2]The calculation of the cost of equity (CoE) in Equation 2 is based on the Capital Asset Pricing Model (CAPM):
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The risk-free interest rate is determined as described for the CoD calculation. The equity risk premium (ERP) represents the difference between the returns on a risk-free asset and investments in projects/shares, and is multiplied by the beta value (β). Beta measures the risk of equity investments in renewable or synthetic fuels compared to the market index (β > 1 indicates higher risk, β < 1 lower risk). For the renewable energy sector, the value of β = 1.07 from Damodaran (2020) is used. For the synthetic fuel sector, due to the lack of specific beta values, the value for basic chemicals (β = 1.37) is applied, as synthetic fuels are considered riskier.
Additionally, the debt-to-equity ratio, assumed to be 70% debt and 30% equity, is used to calculate the WACC. This ratio is common in the renewable energy sector and large-scale energy projects in general, where debt financing is often preferred due to lower borrowing costs and government-backed incentives (IRENA and CPI 2018; Noothout et al., 2016; Waissbein et al., 2013). In the case of emerging technologies such as green hydrogen and synthetic fuels, this intermediate ratio also reflects the early stage of development of the technology and the market. It corresponds, for example, to the ratio of 71/29% for the NEOM green hydrogen project in Saudi Arabia (World Bank, 2023). However, it is important to note that this ratio can vary considerably in practice depending on the country and specific project conditions. Based on the calculated CoD and equity in Equations 1, 2, the WACC is determined using Equation 3:
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The nominal values given were inflation-adjusted and it was further calculated with the real discount rates in order to enable an intertemporal comparison. For the inflation adjustment, average values of the Consumer Price Index (CPI) and the GDP deflator from 2010–2018 by country and country group were calculated from the World Bank dataset (World Bank, 2020). As the values are based on the US dollar currency and US markets as reference, a rescaling of the WACC results to Euros was performed. The result of the analysis are country-specific WACCs from the valuation of the current situation, which are used in the following analysis as WACCs for the business-as-usual scenario (WACC_bau).
2.1.3 Projection of future country-specific risk costs
The next step is to determine the WACC for two risk scenarios (risk_pos and risk_neg). To do this, the “financing cost waterfall” method developed by Waissbein et al. (2013) is applied. Assuming that technology-inherent risks and associated capital costs are the same across all countries, the capital cost differences for debt and equity are defined as country-specific risk costs. These are calculated by comparing the risk premiums for each country in the WACC_bau scenario to those of a “best-in-class” country, which has very low risks and financing costs. The difference between the interest rates of the “best-in-class” country (here assumed to be the United States for both debt and equity, following Damodaran, 2020) and the analysed country represents the country risk. The country risk costs can then be broken down by individual risks, allowing for the quantification of each risk’s contribution to financing costs. To calculate the proportional contribution of each individual risk to the capital cost difference (d), the risk scores for the eleven risks are compared to the difference relative to the best-in-class country using Equation 4:
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The result is a “financing cost waterfall,” where the risk premium for each risk category is iteratively allocated to the total financing cost. This calculation is done separately for equity and debt, as these investors face different risks (Waissbein et al., 2013). Equity investors are exposed to risks from the planning phase, whereas debt investors typically enter later, once business plans and licenses are secured (ibid.). As a result, planning phase risks are excluded from debt capital interest calculations.
By allocating current risk costs to individual risks, future capital costs can be estimated by comparing the risk scores for the two scenarios (risk_pos and risk_neg) to the current risk environment (risk_bau) and the previously determined capital costs (WACC-bau) for each country relative to the “best-in-class” country. These calculations yield the cost of capital difference for both scenarios, reflecting the increased or decreased risk in the selected country. Equation 5 is used to calculate the cost of capital difference (d) for the risk_pos scenario:
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Equation 5 used to calculate the capital cost difference (d) for the risk_pos scenario is also applied to the risk_neg scenario, with the risk values for this scenario ([image: image]) substituted accordingly. The calculations were performed for each country, separately for renewable and synthetic fuels, and for both equity and debt costs. The results are the country-specific equity and debt risk costs, which are then used to calculate the WACCs for the positive (WACC-pos) and challenging (WACC-neg) scenarios.
2.2 Cost-potential analysis for Fischer-Tropsch fuel
To assess the impact of country-specific risks on the costs of renewable electricity and synthetic fuels for export in MENA countries, the three WACC scenarios (WACC_bau, WACC_pos, WACC_neg) were applied alongside a reference scenario (WACC_ref) with an average WACC of 6% in a CPA (see the detailed methodology and results for the reference scenario in Braun et al., 2024). The CPA includes determining technical generation and export potentials and the associated production costs, so called CPs. The CPs were modelled for electricity from PV, CSP, and wind onshore, used for Fischer-Tropsch (FT) based synthetic fuel production, with hydrogen as an intermediate product, for the years 2030, 2040 and 2050. FT is a catalytic chemical process that converts a mix of hydrogen and carbon monoxide into liquid hydrocarbons, which can then be processed into synthetic diesel and gasoline. The CPs show annual generation and export potentials and levelised production costs, with data sorted by ascending production costs and cumulated potentials. For determining domestic and export CPs, a long-term RE potential analysis, CO2 potentials analysis and energy demand analysis were carried out. The underlying methodology of Braun et al. (2024) is summarized in the following.
The renewable potential analysis was carried out with the DLR’s energy data analysis tool (EnDAT) and includes the determination of RE resources and available land area as well as a power plant modelling. The results of this analysis provided installable capacities and hourly power or heat production for the specified RE technologies at a spatial resolution of 0.045° (approx. 5 km). In order to perform the further CPA for FT fuels, the data was aggregated at a coarser resolution of 0.45° (approx. 50 km) in the 17 MENA countries.
The costs for FT fuels were determined by modelling a Power-to-Liquid (PtL) route. The techno-economic PtL model optimizes the design of generation plants, adhering to relevant constraints such as mass and energy balances. These plants were modelled as stand-alone units without grid connections. Inputs included hourly electricity or heat generation time series of the RE potential analysis, techno-economic assumptions for system components and distance maps to infrastructure. For the WACC_bau, WACC_pos and WACC_neg case, the country- and technology-specific WACCs are integrated as interest rate in the plant optimization modelling. For the WACC_ref case, a constant WACC of 6% was used. The electricity supply considered a renewable energy power plant, energy storage (battery or thermal), and electricity transmission. The electricity transmission from the RE power plant to the PtL plant was assumed to be a high-voltage direct current (HVDC) line with direct connection between the two sites. The PtL plant included a PEM electrolyser, hydrogen storage, and FT synthesis including a RWGS reactor. To optimize infrastructure, the PtL plant was assumed to be located near a port serving as export hub, with renewable electricity sourced from local solar or wind plants within a 50 km grid cell. The two commodities water (H2O) and CO2 were included in the modelling system as external variables. H2O was assumed to be sourced from nearby seawater desalination plants utilizing reverse osmosis technology, fuelled primarily by renewable energies. CO2 was assumed to be obtained either from nearby carbon capture and use (CCU) facilities or from direct air capture (DAC) systems. The amount of fuel produced was estimated based on the maximum locally installable renewable energy capacity. A flowchart of considered components and commodities can be found in Braun et al. (2024).
The technical fuel generation potential does not consider the countries’ own demand. Therefore, the generation potential was split into domestic and export potentials, by considering this electricity and synfuel demands. The countries’ own demands underly an energy scenario which aims a 100% renewable supply by 2050. The domestic potentials were linked to the cheapest fuel generation potentials, while the export potentials were allocated to the more expensive ones. Moreover, favourable renewable potentials were reserved exclusively for meeting the remaining domestic electricity demand of other sectors. As a result, this allocation creates a noticeable gap between the most expensive domestic fuel potentials and the cheapest fuel export-oriented potentials. The analysis utilized the resulting energy demands from the energy scenario ALT2, presented in Braun et al. (2024). This scenario assumes a 100% renewable energy system combined with moderate efficiency developments, leading to relatively high energy demands in each country.
For the domestic fuel production, CO2 from iron and steel and cement production facilities were considered in the sense CCU. Therefore, a CO2 scenario assuming the current policy and an ambitious technology development was taken into account. This scenario resulted in comparatively low future CO2 emissions from the industry considering primarily process related CO2. Furthermore, the CO2 potential was limited to the utilization for the domestic synfuel production. Different costs are assumed for deriving CO2 from iron and steel or cement. The resulting CO2 CPs were used for the cheapest fuel potentials. In contrast to the use of CCU for domestic potentials, the export fuel potentials considered CO2 only from DAC to ensure a 100% green fuel production. The specific costs for CO2 refer to a stream with a purity higher than 95%.
3 ANALYSIS AND RESULTS
This section explores the impact of country-specific risks on financing costs for renewable energy, hydrogen, and synthetic fuels. Section 3.1 examines current risk costs (Section 3.1.1) and projects future risk costs under scenarios of both decreasing and increasing risks (Section 3.1.2). Section 3.2 applies these scenarios to FT fuel production, offering a detailed analysis of local production costs (Section 3.2.1), starting costs under various scenarios (Section 3.2.2), production potentials alongside their associated costs (Section 3.2.3), and the impacts of country-specific risk costs, using a reference scenario as a benchmark (Section 3.2.4).
3.1 Country-specific risk costs
3.1.1 Current country-specific risk costs
The WACC modelling was initially conducted for a business-as-usual scenario, reflecting the current risk environment and prevailing financing costs (as described in Section 2.1.2). This analysis yielded the WACCs for renewable energy and synthetic fuels across 17 MENA countries (Table 3). The results highlight significant differences in WACCs among the analysed countries. The lowest WACCs were observed in Kuwait, the UAE, Qatar, and Saudi Arabia for both renewable energy development and the emerging sectors of green hydrogen and synthetic fuels. Within individual countries, WACCs for renewable energy projects were consistently lower than those for green hydrogen and synthetic fuel projects. However, when comparing across countries, nations with generally lower WACCs often exhibit significantly lower capital costs for green hydrogen and synthetic fuels than countries with medium to high WACCs for renewable energy projects. Accordingly, renewable energy projects in countries with high risks are likely to be less attractive and more costly compared to green hydrogen and synthetic fuel projects in countries with lower risks. Consequently, countries with low WACCs may see accelerated development of the green hydrogen sector and downstream synthetic fuel industries. In contrast, countries with higher WACCs might experience slower or more limited growth, even in the upstream renewable energy sector.
TABLE 3 | Weighted average cost of capital (WACC)_bau in % (inflation-adjusted, before taxes)2.
[image: Table 3]Following the determination of WACCs for the business-as-usual scenario (WACC_bau), which reflects the current risk environment for renewable energy and the green hydrogen/synthetic fuel sectors, the contribution of country-specific risks to debt and equity costs was analysed by applying Equation 4. In the following, the contributions of individual risks to the capital costs are analysed for renewable energies (3.1.1.1), and subsequently for green hydrogen and synthetic fuels (3.1.1.2).
3.1.1.1 Current country-specific risk costs for renewable energies
Figure 2a illustrates that debt costs for the renewable energy sector in all analysed MENA countries exceed those of the United States, the “best-in-class” country with estimated debt costs of approximately 4.86%. The Gulf states—Kuwait, Qatar, the UAE, and Saudi Arabia—show debt costs close to the United States, ranging between 5%–6%. In contrast, conflict-affected countries like Syria and Yemen exhibit debt costs exceeding 25%, with macro risks such as internal conflicts, governance quality, and business conditions significantly driving up costs. Similarly, Figure 2b highlights the elevated equity costs for the renewable energy sector. While the USA’s equity costs are estimated at 7.29%, only Kuwait, Qatar, Saudi Arabia, and the UAE achieve comparable levels. Countries like Morocco (12.18%), Oman (13.18%), Jordan (16.11%), and Tunisia (18.07%) fall in the mid-range, with equity costs between 12%–18%. Given the capital-intensive nature of renewable energy, reliance on costly equity and debt capital can significantly hinder sector development, limiting progress to isolated large-scale projects.
[image: Figure 2]FIGURE 2 | Contribution of country risks to cost of debt (a) and equity (b) for renewable energies.
3.1.1.2 Current country-specific risk costs for green hydrogen and synthetic fuels
The CoD and CoE in the green hydrogen and synthetic fuels sector in developing regions is notably higher compared to the more mature renewable energy sector. These elevated financing costs are driven by a range of investment risks that are more pronounced in emerging sectors. For debt financing (Figure 3a), macroeconomic risks are the most influential, particularly (1) Conflicts and violence, (2) Government intervention, (3) Conditions for doing business and (4) Quality of governance. These factors drive up borrowing costs, while other risks also play a role but to a lesser extent. In contrast, the cost of equity (Figure 3b) is more affected by sector-specific development risks, including (6) Framework conditions for green hydrogen and synthetic fuels, (7) investment conditions in green hydrogen and synthetic fuels technologies, (8) Project approval, licensing and permitting processes as well as (9) Labour and expertise availability. These factors are particularly pronounced in countries in the midrange such as Morocco, Oman, Jordan, and Tunisia.
[image: Figure 3]FIGURE 3 | Contribution of country risks to cost of debt (a) and equity (b) for green hydrogen and synthetic fuels.
When examining actual capital costs, the United States, considered the “best-in-class” benchmark, has relatively low financing costs, with debt at 5.86% and equity at 9.09%. The Gulf States—Kuwait, Saudi Arabia, Qatar, and the UAE—show similar but slightly higher capital costs, with debt ranging from 6.87% to 7.24%, and equity between 10.34% and 10.86%. In contrast, countries like Morocco and Oman experience much higher financing costs, with debt reaching 11.47% and 11.85%, respectively, and equity costs surpassing 15%. A larger group of countries, including Algeria, Bahrain, Egypt, Iran, Iraq, Jordan, and Tunisia, experience even higher financing costs, with borrowing costs exceeding 15% and equity costs exceeding 20%. These figures are substantially higher than those in the United States and Saudi Arabia and the Gulf states Kuwait, Qatar and U.A.E. Given the capital-intensive nature and long lifespan of energy sector assets, these elevated financing costs could severely affect the competitiveness of the green hydrogen and synthetic fuel sector in these countries. The most significant challenges are faced by conflict-ridden countries such as Libya, Syria, Yemen, and Lebanon, where the financing costs are exceptionally high due to political instability and economic crises.
3.1.2 Scenarios for country-specific risk costs
Following the modelling of the individual risk contributions to capital costs in a business-as-usual scenario, country-specific risk costs were determined for two alternative scenarios: one with decreasing risks (risk_pos) and another with increasing risks (risk_neg). These scenarios provide insights into how shifts in risk factors can influence financing costs for renewable energy and green hydrogen and synthetic fuels projects.
3.1.2.1 Scenarios for country-specific risk costs renewable energies
Figure 4 illustrates the WACCs associated with these scenarios (WACC_pos and WACC_neg) as well as the risk_bau scenario (WACC_bau) for the renewable energy sector, highlighting notable country-specific variations. The derisking portrayed in the risk_pos scenario depends on various factors, with a key contributor being improved (4) quality of governance, which addresses issues such as weak institutions, corruption, and legal challenges in countries like Algeria, Egypt, Iran, Iraq, Morocco, and Lebanon. This substantially reduces risks and lowers WACCs in these countries, contributing to overall improvements with reductions ranging from 1.94% to 6.69% in the risk_pos scenario compared to the risk_bau scenario. Another significant contributor to derisking is the enhancement of (6) framework conditions for renewable energy. Countries like Saudi Arabia and Tunisia benefit from clearer, more supportive policies that reduce uncertainties and foster investor confidence. Additionally, addressing (9) labour and expertise availability is essential, particularly in Gulf States such as Bahrain, Kuwait, Qatar, and the UAE. Expanding the skilled workforce in the renewable energy sector reduces development risks and minimizes costs associated with importing labour. These factors contribute to WACC values dropping to approximately 11.31% in Bahrain, 4.35% in Kuwait, 4.42% in Qatar, and 4.28% in the UAE. In contrast, countries such as Libya, Syria, and Yemen continue to face significantly higher WACC values in the risk_pos scenario—14.52%, 16.47%, and 17.61%, respectively. These elevated values are primarily driven by ongoing challenges related, for example, to (1) conflict and violence, which are expected to persist despite efforts to mitigate risks.
[image: Figure 4]FIGURE 4 | Weighted average cost of capital (WACC) scenarios renewable energy development.
In the risk_neg scenario, several factors significantly increase financing costs across countries. As shown in 4, nations like Bahrain, Jordan, Lebanon, and Oman experience notable rises in their WACC values. For example, Bahrain’s WACC increases by 4.28 percentage points (from 13.86% to 18.14%), Jordan’s by 4.67 percentage points (from 12.02% to 16.69%), Lebanon’s by 6.57 percentage points (from 22.23% to 28.8%), and Oman’s by 3.96 percentage points (from 9.27% to 13.23%). Other countries, such as Algeria and Iran, already have relatively high baseline WACC values of around 15.69%, which rise to 18.41% and 18.57%, respectively, in the risk_neg scenario. These increases reflect the continued influence of systemic risks, including weak institutions and unstable political climates. A significant factor contributing to these increases are, for example, (6) unfavourable framework conditions for renewable energies, especially in countries like for countries like, Bahrain, Egypt or Jordan. (11) Natural hazards also contribute to increasing capital costs, particularly in Algeria, Egypt, and Tunisia, where environmental risks add layers of uncertainty. For instance, in Tunisia, this is one of the factors contributing to the increase of the WACC from 13.86% to 17.35. Yemen sees an even more pronounced increase, with its WACC rising from 24.84% in the risk_bau scenario to 27.53%, underscoring how heightened risks such as (1) conflict and violence exacerbate financing challenges. In Iran and Kuwait, macro risks emerge as particularly influential factors, while micro risks, including project-specific obstacles, are especially critical in Libya and Yemen. Overall, the risk_neg scenario highlights how a combination of unfavourable framework conditions, political instability, natural hazards, and geopolitical risks collectively influence financing costs. These rising costs threaten the attractiveness of renewable energy investments in the region, further highlighting the importance of targeted risk-mitigation strategies to create a more stable investment climate.
3.1.2.2 Scenarios for country-specific risk costs for green hydrogen and synthetic fuels
Figure 5 illustrates the WACC values for all three scenarios for the hydrogen and synthetic fuels sector. Financing the transition to net-zero emissions through technologies like green hydrogen and synthetic fuels presents unique challenges. These technologies remain in the early stages of development. To scale up production and achieve long-term emissions reductions, substantial derisking will be necessary to increase investments and support the growth of these emerging technologies. Additionally, growing market experience will play a key role in reducing financing costs. As more projects are completed, insights gained from these experiences can help mitigate project-specific risks, further lowering capital costs.
[image: Figure 5]FIGURE 5 | Weighted average cost of capital (WACC) scenarios green hydrogen and synthetic fuels.
Insights from the risk_pos scenario suggest that various factors could significantly aid in derisking and lowering WACC values. Conflict-ridden countries like Syria and Yemen show the greatest potential for reductions, with WACC values dropping from 28.21% to 19.31% in Syria (−8.90%) and from 28.32% to 20.48% in Yemen (−7.84%). Similarly, North African countries like Algeria, Egypt, and Tunisia, along with Iran and Iraq, exhibit strong potential for lowering WACC values. For example, Algeria’s WACC decreases from 18.67% to 12.69% (−5.98%), Egypt’s from 16.78% to 10.80% (−5.98%), and Tunisia’s from 16.64% to 11.41% (−5.23%). Iraq sees a reduction from 20.59% to 14.02% (−6.57%), while Iran experiences a decline from 18.21% to 13.47% (−4.74%). Critical sector related factors to reduce risks and therewith WACCs are, for example, (9) labour and expertise availability, particularly in countries like Bahrain, Jordan, Oman, Qatar, and the U.A.E. Addressing workforce challenges and increasing expertise in hydrogen and synthetic fuels can significantly reduce risks and lower equity and debt costs. Similarly, improvements in (6) framework conditions for hydrogen and synthetic fuels could ease risks especially in Bahrain, Kuwait, Saudi Arabia, Tunisia, and Yemen by fostering a more supportive policy environment. Streamlined (8) project approval, licensing, and permitting processes, alongside (7) improved investment conditions, are expected to further mitigate risks, particularly in countries like Algeria, Saudi Arabia, and the U.A.E. This contributes to overall WACC reductions, with Saudi Arabia reaching 5.86%, and the U.A.E. 5.46% in the risk_pos scenario. Overall, the risk_pos scenario highlights those improvements in labour and expertise availability, framework conditions, project approval processes, investment conditions, and reductions in conflicts are key to mitigating risks and reducing financing costs for hydrogen and synthetic fuels projects across various countries.
In the risk_neg scenario, multiple factors are anticipated to elevate risks for the hydrogen and synthetic fuels sector, consequently raising both equity and debt costs. Among the most significant challenges are unfavourable (6) framework conditions for hydrogen and synthetic fuels. The absence of clear and supportive policies or regulatory frameworks poses a major barrier to large-scale investments in these sectors, leading to WACC increases in countries such as Algeria, Bahrain, Iraq, Saudi Arabia, and the U.A.E. For instance, this challenge is one of the factors that contributes to increasing WACC values in Algeria to 20.89% and in Saudi Arabia to 7.02%. On the macro level (1) conflicts and violence are also critical risk drivers, especially in countries like Iran, Iraq, Jordan, Oman, Qatar, and Saudi Arabia. Political instability and security concerns in these regions can create unpredictable investment climates, deterring investors and raising financing risks. For instance, this contributes to Iran’s WACC increasing to 20.94% and Iraq’s to 22.32% in the risk_neg scenario. Similarly, the risk of (2) government intervention in countries such as Iraq, Lebanon, Oman, and Saudi Arabia adds volatility, with state-imposed regulations or policy changes potentially further complicating sector development. For example, this factor contributes to the rise of Oman’s WACC to 14.96% in this scenario. (9) Labour and expertise availability is another factor contributing to WACC rises, posing significant challenges in Bahrain, Iraq, and Tunisia, where shortages of skilled labour and technical expertise could contribute to driving up financing costs. For instance, Bahrain’s overall WACC rises to 20.20% and Tunisia’s to 19.74% in the risk_neg scenario. (10) Social acceptance is another key factor, as public opposition or concerns about the environmental and social impacts of hydrogen and synthetic fuels development may lead to delays, increased costs, and heightened investment risks. (5) Political and trade relations with Germany and the EU (5) could further influence investment flows. Strained relations or unfavourable trade policies may deter foreign investment, contributing to overall WACC increases in the risk_neg scenario, such as 12.04% in Morocco and a striking 31.19% in Lebanon. In sum, the risk_neg scenario underscores how unfavourable regulatory frameworks, political instability, labour shortages, social challenges, environmental risks, and geopolitical factors collectively increase investment uncertainty and financing costs for hydrogen and synthetic fuel sector development across these regions.
3.2 Resulting costs and potentials for FT fuel incorporating country-specific risk cost scenarios
The following section presents the results of applying the country-specific risk cost scenarios in the form of WACCs to the cost-potential modelling for FT fuel. First, the local production costs for the WACC_bau scenario are discussed (3.2.1). Next, the starting levelised production costs for all WACC scenarios are presented (3.2.2), followed by the FT fuel potentials with their corresponding production costs (3.2.3). All results for the WACC_ref case are sourced from Braun et al. (2024) and serve as a benchmark to compare with the country-specific WACC results across the three scenarios.
3.2.1 Local levelised costs of fuel
The local levelised costs of fuel (LCOFs) shown in Figure 6 represent the cost per analysed spatial raster cell. The analysis considers FT fuel production using electricity from Concentrated Solar Power Parabolic Troughs (CSP-PT), Photovoltaic (PV), and wind onshore, applying the WACC_bau scenario for 2030. The pixel-based results are aggregated into cost categories with a contour function. White areas are excluded due to land cover, geological or meteorological constraints. The results indicate that FT fuel production powered by CSP-PT and PV achieves the lowest costs, ranging between 180 and 230 €/MWh, in regions near the Red Sea in Saudi Arabia. Additional low-cost areas, with costs between 230 and 280 €/MWh, are identified along the Atlantic coast south of Tarfaya and in Oman. For FT fuel production powered by onshore wind energy, the lowest costs range between 280 and 330 €/MWh, with hotspots along the Atlantic coast south of Tarfaya and in central Saudi Arabia. The modeling results also reveal that for other WACC scenarios and projection years (2040, 2050), the local hotspots with low production costs remain consistent, although cost ranges vary (see Section 3.2.3).
[image: Figure 6]FIGURE 6 | Local levelised costs of fuel (LCOFs) of generation potential produced with electricity from CSP-PT, PV and wind onshore in the WACC_bau case in 2030.
3.2.2 Starting levelised costs of fuel
In addition to local LCOFs, a key parameter for identifying favourable countries for FT fuel production is the starting LCOF. The starting LCOF represents the lowest production cost achieved due to optimal meteorological and infrastructure conditions within each country. Figure 7 presents the overall starting LCOFs for FT fuel generation potentials across MENA countries, years, and WACC scenarios.
[image: Figure 7]FIGURE 7 | Starting levelised costs of fuel (LCOFs) of Fischer-Tropsch fuel generation potential for the considered MENA countries, years, and WACC cases. The shown starting LCOFs are the minimal LCOFs between the starting LCOFs of the RE technologies PV, CSP-PT and wind onshore.
The starting LCOFs for FT fuel generation potential across MENA countries, as presented in Figure 7, highlight clear trends influenced by WACC scenarios or investing conditions and temporal factors. Significant cost reductions are observed over time for all countries, driven by technological progress and economies of scale. Oman and Saudi Arabia consistently demonstrate the lowest LCOFs across most scenarios and years. Other countries, including the UAE, Morocco, and Qatar, display competitive costs under favourable conditions but exhibit higher sensitivity to unfavourable financing scenarios, such as WACC_neg. Yemen and Egypt show potential for cost-effective FT fuel generation, particularly under scenarios with favourable financing (e.g., WACC_ref and WACC_pos). Overall, the results underscore the critical role of financing, infrastructure development, and renewable resource availability in shaping FT fuel production potential across the region.
While Figure 7 displays the LCOFs for the overall potential, Figure 8 focuses on the starting LCOFs of FT fuel potential specifically for export. These starting LCOFs represent the lowest-cost production potential remaining after subtracting the assumed domestic electricity and synfuel demand under a 100% renewable scenario, calculated for each country. The analysis highlights notable variations in costs across countries, years, and WACC scenarios, as detailed below.
[image: Figure 8]FIGURE 8 | Starting levelised costs of fuel (LCOFs) of Fischer-Tropsch fuel export potential for the considered MENA countries, years, and WACC cases. The shown starting LCOFs are the minimal LCOFs between the starting LCOFs of the RE technologies PV, CSP-PT and wind onshore after subtracting the most favourable resources reserved for their domestic demand under a 100% renewable scenario.
The results from Figure 8 reveal several critical insights regarding the export potential of FT fuels in the MENA region under varying WACC scenarios or investing conditions and timeframes. Similar to the results in Figure 7, Oman and Saudi Arabia consistently emerge as the most cost-competitive exporters, with Oman leading across most scenarios and Saudi Arabia maintaining strong competitiveness under favourable financing (e.g., WACC_pos). The export-specific analysis highlights the sensitivity of costs to financing conditions, as seen exemplary for the starting LCOF in 2030 in Oman rising from 240 €/MWh under WACC_pos to 264 €/MWh under WACC_neg. This emphasizes the importance of affordable and accessible funding to sustain competitive export costs. While Oman and Saudi Arabia lead in terms of low costs, countries like the UAE and Morocco also exhibit relatively low LCOFs, especially under the favourable scenario WACC_pos. In contrast, the countries Bahrain, Kuwait, Qatar, Lebanon and the UAE do not show starting LCOFs in some cases in Figure 8. Based on the analysis of Braun et al. (2024), these countries do not have any relevant export potential, because the available potential is expected to be needed for domestic demands in an assumed 100% renewable future. These findings align with the trends observed in Figure 7, reinforcing the central role of financing conditions, technological progress, and resource optimization in shaping MENA’s FT fuel export landscape.
3.2.3 Cost-potentials for FT fuel
Figure 9 shows the CPs of FT fuel in the MENA countries in 2030 for the WACC cases WACC_ref, WACC_bau, WACC_pos and WACC_neg. They distinguish between the potential used domestically (black boxes) and the potential intended for export (green boxes). In the case of domestic potential, it is also indicated whether the fuels were produced using CO2 from industrial CCS processes (squared or crosshatched boxes).
[image: Figure 9]FIGURE 9 | Cost-potentials of Fischer-Tropsch fuels in the MENA countries in 2030 for the WACC cases WACC_ref, WACC_bau, WACC_pos and WACC_neg. The export potentials are the remaining fuel potentials after deduction of the cheapest RE electricity potentials for the country’s own electricity demand according to the energy scenario ALT2 in Braun et al. (2024).
In the WACC_ref case, the most fcost-effective technical generation potentials between €190–220/MWh show up in Egypt, Morocco, Oman, Saudi Arabia and Yemen, reaching 3,300 TWh in total. In comparison, under the WACC_bau, WACC_pos and WACC_neg scenario, the costs shift and the fuel potentials in the same cost range between €190–220/MWh emerge prominently only in Saudi Arabia and reach 1,000 TWh under WACC_bau, rising to 1,500 TWh in WACC_pos, and declining to 570 TWh in WACC_neg. Further potentials between €220–260/MWh with key contribution from Saudi Arabia, the UAE, Morocco, Oman and Qatar reach in total 15,800 TWh under WACC_bau, rising to 16,600 TWh in WACC_pos, and declining to 15,500 TWh in WACC_neg.
For exports, the WACC_ref case demonstrates strong capacities, with 3,100 TWh between €200–220/MWh, with Saudi Arabia and Yemen contributing to these most cost-effective export potentials. Under the WACC_bau, WACC_pos, and WACC_neg cases, export potentials in the same cost range between €200–220/MWh show up only in Saudi Arabia. Those export potentials reach 720 TWh under WACC_bau, 1,200 TWh under WACC_pos, and 300 TWh under WACC_neg. Slightly more costly export potentials between €220–260/MWh reach 15,700 TWh under WACC_bau, increase to 16,400 TWh in WACC_pos, and decrease to 15,400 TWh in WACC_neg. These potentials primarily arise in Saudi Arabia, Oman, Morocco and the UAE.
Figure 10 shows the cost-potentials of FT fuel in the MENA countries in 2040 for the WACC cases WACC_ref, WACC_bau, WACC_pos and WACC_neg. The achievable costs here are considerably lower than in 2030.
[image: Figure 10]FIGURE 10 | Cost-potentials of Fischer-Tropsch fuels in the MENA countries in 2040 for the WACC cases WACC_ref, WACC_bau, WACC_pos and WACC_neg. The export potentials are the remaining fuel potentials after deduction of the cheapest RE electricity potentials for the country’s own electricity demand according to the energy scenario ALT2 in Braun et al. (2024).
In the WACC_ref case, the most cost-effective technical generation potentials are in the range of €150–180/MWh and therefore €40/MWh lower than in 2030. They reach 17,000 TWh mostly coming from Yemen, Saudi Arabia, Oman and Egypt but also from Morocco, the UAE, Iran and Libya. In comparison, under the WACC_bau, WACC_pos and WACC_neg scenario, the costs shift and the fuel potentials in the same cost range between €150–180/MWh only emerge in Saudi Arabia and also the UAE. The potentials reach 7,700 TWh under WACC_bau, rising to 9,400 TWh in WACC_pos, and declining to 2,800 TWh in WACC_neg. Further potentials between €180–220/MWh with key contribution from Saudi Arabia and the UAE, but also from Kuwait, Morocco, Oman and Qatar reach 17,600 TWh under WACC_bau, 22,200 TWh in WACC_pos, and 19,300 TWh in WACC_neg.
For exports, the WACC_ref case demonstrates strong capacities, with 15,200 TWh most cost-effective export potentials between €150–180/MWh, mostly from Yemen, Saudi Arabia and Oman but also from Egypt and Morocco. Under the WACC_bau, WACC_pos, and WACC_neg cases, export potentials in the same cost range between €150–180/MWh show up only in Saudi Arabia. These export potentials reach 6,800 TWh under WACC_bau, 8,300 TWh under WACC_pos, and 1,900 TWh under WACC_neg. Slightly more costly export potentials between €180–220/MWh reach in total 16,800 TWh under WACC_bau, 21,500 TWh in WACC_pos, and 18,800 TWh in WACC_neg. These potentials primarily arise in Saudi Arabia, Oman, Morocco and the UAE.
Figure 11 shows the cost-potentials of FT fuel in the MENA countries in 2050 for the WACC cases WACC_ref, WACC_bau, WACC_pos and WACC_neg. The achievable costs are once again considerably lower than in 2040.
[image: Figure 11]FIGURE 11 | Cost-potentials of Fischer-Tropsch fuels in the MENA countries in 2050 for the WACC cases WACC_ref, WACC_bau, WACC_pos and WACC_neg. The export potentials are the remaining fuel potentials after deduction of thecheapest RE electricity potentials for the country’s own electricity demand according to the energy scenario ALT2 in Braun et al. (2024).
In the WACC_ref case, the most cost-effective technical generation potentials are between €120–140/MWh and therefore €30–40/MWh lower than in 2040. They reach in total 6,700 TWh, primarily coming from Yemen and Oman, but also from Saudi Arabia, Egypt, Iran, the UAE and Morocco. In comparison, under the WACC_bau, WACC_pos and WACC_neg scenario, the costs shift and the fuel potentials in the same cost range between €120–140/MWh emerge only in Saudi Arabia and the UAE. The potentials reach in total 1,800 TWh under WACC_bau, rising to 6,900 TWh in WACC_pos, and declining to 190 TWh in WACC_neg. Further potentials between €140–170/MWh with key contribution from Saudi Arabia, the UAE and Oman, but also from Kuwait, Morocco, and Qatar reach 21,700 TWh under WACC_bau, 25,800 TWh in WACC_pos, and 19,800 TWh in WACC_neg.
For exports, the WACC_ref case demonstrates strong capacities, with 5,700 TWh most cost-effective export potentials between €120–140/MWh, coming from Yemen and Oman. Under the WACC_pos case, export potentials in the same cost range between €120–140/MWh show up only in Saudi Arabia, reaching 4,700 TWh. The WACC_bau and WACC_neg scenarios do not show any potentials in this cost range. Slightly more costly export potentials between €140–170/MWh reach in total 20,200 TWh under WACC_bau, 24,300 TWh in WACC_pos, and 17,100 TWh in WACC_neg. These potentials primarily arise in Saudi Arabia, but also in Oman and Morocco.
These findings underscore the critical role of favourable financial conditions in unlocking the full potential of FT fuel production and export capabilities across the region. Country-specific investment risks impact FT fuel potentials and LCOF deviations across MENA countries. Without accounting for country-specific risks, cost-effective potentials emerge in Oman, Yemen, Saudi Arabia, Morocco, Egypt, Iran, and Libya. However, when country-specific risks are considered, Egypt, Iran, and Libya lose their cost-effectiveness due to elevated risks, while the previously less viable potentials, for example, in the UAE become favourable. Saudi Arabia’s already cost-effective potentials improve further, while Morocco and Oman remain viable, with only slight cost increases. Overall, factoring in investment risks positions Saudi Arabia, UAE, Oman and Morocco as the most favourable regions for FT fuel production.
3.2.4 Impact of country-specific risks on costs for FT fuel
The impacts of country-specific risks on costs for FT fuel are further analysed in Figure 12, which shows the deviations of starting LCOFs under the different WACC scenarios (WACC_bau, WACC_pos and WACC_neg) from the WACC_ref case. A high deviation occurs in Lebanon, Libya, Syria and Yemen from +94% to +151% in 2030, from +76% to +163% in 2040, and from +61% to +180% in 2050. These significant deviations suggest substantial cost volatility driven by heightened risks. The progressively increasing deviations over time indicate challenges in achieving financial predictability in these regions. Countries like Bahrain, Algeria, Egypt, Iraq, Iran, Jordan, and Tunisia display moderate deviations from +40% to +94% in 2030, from +33% to +102% in 2040 and from +24% to +109% in 2050. While these economies face challenges, they remain relatively more stable than those in the high-deviation group. The UAE, Kuwait, Morocco, Oman, Qatar, and Saudi Arabia show the lowest deviations from −6% to +32% in 2030, from −7% to +40% in 2040 and from −8% to +50% in 2050. Across all groups, the range of deviations generally increase from 2030 to 2050, particularly in high- and moderate-risk countries. This is because the WACCs considering investment risks deviate more from the reference WACC of 6% over time. This highlights the growing uncertainty in fuel costs over time, possibly due to evolving global financial conditions, geopolitical risks, or limited progress in mitigating investment risks.
[image: Figure 12]FIGURE 12 | Deviations of starting LCOFs of the generation potential to the WACC_ref case.
4 DISCUSSION AND CONCLUSION
This study provides valuable insights into the influence of country-specific investment risks on the development and competitiveness of renewable energy, green hydrogen, and subsequent synthetic fuel sectors in the MENA region. The methodological approach developed and applied in this research marks a significant advancement by quantifying qualitative risk factors and integrating them into cost and potential analyses. By incorporating WACCs, the study goes beyond traditional models that primarily focus on technical potential, capturing nuanced differences in financing conditions across countries. The results show that country-specific investment risks significantly impact costs. For instance, by 2050, the starting LCOFs in high-risk scenarios can be up to 180% higher than in lower-risk contexts. This underlines the central role of investment environments in shaping sectoral competitiveness. Favourable risk profiles are critical for attracting investment, whereas challenges posed by high-risk contexts drive up financing costs and hinder sectoral development.
While this study provides valuable insights into the role of country-specific investment risks, several limitations must be acknowledged. First, the methodological approach relies on the quantification of typically qualitative country risks into future capital cost premiums. However, this quantification is grounded in current capital costs, which leads to potential deviations between the projected capital cost mark-ups and the actual risk scenarios. This limitation is particularly pronounced for countries with currently low costs of capital, where even under challenging scenarios, the relative changes in the WACC are modest compared to the reference case. Consequently, the actual development of WACC in these countries may deviate significantly from the modeled values, potentially exhibiting a much wider range of variability. Second, the analysis is conducted at the level of sectoral development within a country, which may not fully reflect the conditions or cost structures of individual projects. Variability in project-specific factors, such as location, scale, and technological design, may result in cost of capital structures that diverge from the aggregated sectoral estimates. In addition, the availability of governmental or multilateral financing instruments, which were not explicitly accounted for in this study, can provide capital at lower costs than those calculated here, potentially altering the competitiveness of certain projects or regions.
Despite its limitations, the study provides valuable insights by quantifying qualitative risks and highlighting their crucial role in shaping sector development and competitiveness. In doing so, it responds to the IEA’s (2021) call for more detailed assessments of investment risks and cost of capital, particularly in emerging and developing countries, as well as in newer technologies and sectors with limited financial track records. The findings highlight large countries with relatively low WACCs and lower investment risks, such as Saudi Arabia, the United Arabian Emirates, Oman, and Morocco, as key candidates for export-oriented renewable energy and green hydrogen development. In contrast, smaller countries like Qatar and Kuwait, despite having favourable resource potential, will primarily require these resources to meet their domestic energy demand. The results further underscore that cost-effective renewable energy potential alone is not enough to determine export viability, with investment environments playing a critical role. High-risk contexts like Yemen, Iran, and Libya face elevated production costs despite their high resource potential. Additionally, rising inflation and increasing interest rates, driven by global monetary tightening policies from central banks like the US Federal Reserve and the European Central Bank, could significantly impact financing for renewable energy, green hydrogen and synthetic fuels sectors. Higher capital costs, coupled with supply chain disruptions, could make securing affordable financing more difficult. This, in turn, could delay or hinder the implementation of renewable energy, hydrogen, and synthetic fuel projects in the MENA region. In conclusion, the findings suggest that while the MENA region holds immense potential for renewable energy, green hydrogen, and synthetic fuel development, countries can only fully capitalize on these advantages if the costs of capital reach levels that ensures a competitive edge compared to other regions.
Future research should focus on the sensitivity of cost of capital assessments to political, economic, and geopolitical shifts. Changes in governance and evolving regulatory frameworks can significantly impact financing conditions, introducing uncertainty for long-term sector planning. To address this comprehensive project and country assessments, enriched by detailed case studies, are essential for understanding the impact of qualitative factors on investment risks. Systematic evaluations should span a broader array of projects and variables, identifying factors that contribute to project success or failure. Furthermore, research should consider risks not only from an investor’s perspective but also from the perspective of potential exporters of renewable energy, hydrogen and synthetic fuels, which often differ from those experienced by investors and that are typically analysed in existing studies. Risk assessments from an exporter’s perspective should further not only account for market access, trade barriers, and geopolitical issues, but also for sustainability concerns such as environmental impacts, social considerations, and the long-term viability of the energy transition. By addressing these gaps research can offer a more holistic understanding of the challenges and opportunities in scaling renewable energy, hydrogen and synthetic fuel exports. This nuanced approach will enhance risk management strategies and support investment decisions.
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NOMENCLATUREBeta value (β) measures the risk of equity investments in renewable or synthetic fuels compared to the market index.
Capital Asset Pricing Model (CAPM) Calculates expected return on assets based on risk.
Carbon Capture and Use (CCU) Technologies that capture CO2for industrial use.
Direct Air Capture (DAC) systems Technologies that extract CO2directly from the atmosphere.
Concentrated Solar Power Parabolic Troughs (CSP-PT) Solar thermal collector that is used for concentrating sunlight with parabolically curved mirrors
Photovoltaic (PV) Converts sunlight directly into electricity using solar cells.
Consumer Price Index (CPI) Measures changes in the price level of consumer goods and services.
Cost of Debt (CoD) Interest rate paid by a company on its debts.
Cost of Equity (CoE) Return required by shareholders to invest in project.
Cost-Potential Analysis (CPA) Evaluates how much electricity/fuel can be generated at what cost.
Cost-Potentials (CPs) Potentials and the associated production costs.
DLR’s Energy Data Analysis Tool (EnDAT) Tool for analyzing energy-related data.
Equity Risk Premium (ERP) Difference between the returns on a risk-free asset and investments in projects/shares.
Fischer-Tropsch (FT) fuels Synthetic fuels created from carbon monoxide and hydrogen.
Gross Domestic Product (GDP) Total value of goods and services produced within a country.
High-Voltage Direct Current (HVDC) Efficiently transmits large amounts of electricity over long distances.
International Energy Agency (IEA) Autonomous inter-governmental organisation within the OECD framework that works on energy.
International Renewable Energy Agency (IRENA) Intergovernmental organization that supports countries in their transition to a sustainable energy future.
Levelised Cost of Electricity (LCOE) Average cost to generate a unit of electricity over a generator’s lifetime.
Levelised Costs of Fuel (LCOFs) Average cost to produce a unit of fuel considering full lifecycle costs.
Middle East and North Africa (MENA) Region encompassing countries in both the Middle East and North Africa.
Power-to-Liquid (PtL) process that converts electrical energy and carbon dioxide (CO2) into synthetically produced liquid hydrocarbon.
Risk scenarios risks for renewable energy and synthetic fuel sector development assessed for each country, including a business-as-usual scenario (risk_bau) and two opposing scenarios: a positive scenario (risk_pos) describing improved conditions, and a negative scenario (risk_neg) depicting worsened conditions.
Terawatt-hour (TWh) A unit of energy equivalent to one trillion watts for 1 hour.
United Arab Emirates (UAE) Country known for its oil resources and investments in renewable energy.
Water (H2O) Molecular compound consisting of two hydrogen atoms bonded to an oxygen atom; used in electrolysis and synthesis processes.
Weighted Average Cost of Capital (WACC) A blended cost of capital that measures financing costsby proportionately weighing a company’s use of debt and equity financing.
WACC scenarios model varying impacts on financing costs under current equity and debt capital costs (WACC-bau) and improved, (WACC-pos) or worsened conditions (WACC-neg) respectively.
Carbon Dioxide (CO2) A greenhouse gas used in synthetic fuel production and targeted for reduction in climate efforts.
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