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Summary 

Green hydrogen is often presented as a promising driver of green industrial development in low- and 

lower-middle-income countries (LMICs), with national strategies balancing local applications 

promoting sustainable development alongside export opportunities. Country-level energy system 

models can help identify no-regret options by comparing the costs of locally producing green 

alternatives to market prices of conventional goods, reducing the risk of uneconomic investments that 

could hinder local development. In this study, we present an open-source capacity expansion model 

for Kenya to explore the potential role of green hydrogen in local fertiliser and steel industries under 

various market and electrolyser technology development scenarios. With abundant renewable energy 

resources, Kenya could produce hydrogen at 2.7–3.7 USD/kg, making local fertiliser and steel 

production competitive from the second half of the 2030s under favourable market conditions. The 

Kenya case study offers valuable insights for other LMICs as they design and implement their own 

national strategies. 

Introduction 

With the emergence of green hydrogen as a key energy vector for the global energy transition, it is 

increasingly seen as an opportunity for clean development in low- and lower-middle-income countries 

(LMICs). The potential in Africa is frequently highlighted due to the continent’s enormous renewable 
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energy resources potential and vast land areas1,2. However, concerns have been raised around risks 

and barriers to its diffusion. Both Dagnachew et al.3 and Tunn et al.4 emphasise that the ability to fully 

harness the potential of green hydrogen for local development is hindered by existing extractivist 

patterns and current geopolitical realities, reflected in social and ecological risks related to energy, 

water, land and social dynamics. Equitable partnerships and investments in technology transfer are 

proposed as potential strategies to mitigate these risks3. However, other perspectives argue that only 

broader, more structural changes in the global economic system can provide a viable solution4. From 

a techno-economic perspective, the successful implementation of national green hydrogen strategies 

– in LMICs as anywhere else – is highly dependent on cost reductions of renewable energy sources and 

electrolysers, and when, or whether, green hydrogen will become cost competitive with hydrogen 

produced from fossil sources or with other decarbonisation options in different sectors5,6. 

In this context, minimising risks and ensuring procedural justice in the formulation of national green 

hydrogen strategies emerge as crucial factors7,8. A recent report by UNIDO, IRENA, and IDOS 

emphasises risk reduction as a central theme8, outlining four key strategic considerations for the 

effective implementation of green hydrogen strategies aimed at sustainable industrial development: 

(i) prioritising local uses before exports, (ii) aligning with just transition principles and existing national 

goals, (iii) starting with small- to medium-sized projects, and (iv) implementing green hydrogen 

production and application sequentially. Several national strategies are focussed on the identification 

of “no-regret” options8, that lie at the intersection of promising green hydrogen applications and, in 

line with points (i) and (ii), local uses before exports and areas aligned with existing national goals. In 

this regard, agriculture and steel are key sectors for LMICs that have increasing populations, expanding 

infrastructure and growing industrial needs. Nitrogen-based fertilisers and steel are generally 

considered as two of the most promising applications for green hydrogen, both for the level of 

technological readiness of the processes involved and given the absence of decarbonised 

alternatives5,6. Globally, food production heavily depends on nitrogen-based fertilisers and fossil fuel 

trade. An estimated 1.78 billion people annually rely on imported fertilisers or natural gas (NG), 

underscoring the sector's vulnerability to supply and energy disruptions9.  

Green hydrogen is seen as a promising alternative aligned with climate targets; however, it requires 

more land, energy, and water than conventional production, potentially intensifying land and water 

scarcity and straining limited natural resources9–12. For nitrogen-based fertilisers, adopting green 

hydrogen primarily involves replacing traditional fossil fuel-derived hydrogen with clean hydrogen 

from electrolysis. In the steel sector, however, successful adoption also requires demand-side 

technological advancements. Early deployment of these technologies in leading regions could create 

spillover effects in later-adopting areas, accelerating widespread implementation13. Depending on 

coking coal prices, green steel could become competitive by 2030 in favourable regions – characterised 

by high potential of variable renewable energy (VRE) resources, high quality iron ore, and low 

steelworker wages – potentially strengthening its position further by 205014.  

However, the effective adoption of hydrogen-based fertilisers and green steel in LMICs still depends 

on these options achieving cost parity with traditional technologies. Even if international markets may 

be willing to pay a premium for green products in the future, national strategies should not be based 

on this assumption if local applications are to be prioritised, as it could hinder development goals15. 

Grey hydrogen is currently produced at a cost between 0.8-5.7 USD/kgH2, while green hydrogen from 

renewable energy sources is estimated at 4-12 USD/kgH2, potentially reaching 2 USD/kgH2 in certain 

regions by 2030 under optimistic assumptions16. Energy system models can help track technology 

improvements and their effect on the competitiveness of different technology options and trade-offs 

between sectors17. Established frameworks include TIMES, which has been used to create least-cost 



energy models across multiple spatial scales in more than 40 countries, all include hydrogen systems 

to some extent17. The same is true of OSeMOSYS18 and PyPSA19, both of which have seen a recent 

increase in applications in Africa19,20. Country-level analyses in LMICs are essential for developing 

national green hydrogen strategies that prioritise local needs, as regional studies often reflect a 

Eurocentric perspective21 or suggest the need for additional studies to guide investments and policy 

decisions22. National models, by contrast, typically focus on local needs first and consider exports as 

just one of several options23,24. Even when aimed at hydrogen production for export, these models can 

introduce context-specific constraints and assess impacts on the local energy system 25,26. 

In this work, we present an analysis of Kenya’s national green hydrogen strategy27, expanding a capacity 

expansion model of the country’s whole energy system28,29. The model was enhanced to reflect the 

strategy and incorporates feedback gathered from key local stakeholders during a dedicated workshop. 

Kenya sees green hydrogen as an opportunity to improve its balance of payments, increase food 

security and resilience, green industrialisation, and to attract foreign investments27. Indeed, in recent 

years Kenya has attracted the interest of international investors looking to develop hydrogen projects 

thanks to its vast renewable energy resources, its strategic location in East Africa and well-established 

international trade links, and interest in the development of clean energy technologies30–33. Green 

hydrogen is considered as an option for fertiliser production based on the Haber-Bosch (HB) process34 

and for green steel production35,36. According to the national strategy, green hydrogen products are 

considered for local demand first, and only in a second phase as an option for exports, primarily on 

the East African market.  

To the authors’ knowledge, this study represents the first analysis of green hydrogen potential in a 

Sub-Saharan country using a capacity expansion model. The explicit modelling of competition between 

hydrogen-based and traditional alternatives enables an assessment of national strategies that 

prioritise local applications. Using open-source models and data, this study presents a replicable 

methodology for analysing hydrogen applications in the agricultural and industrial sectors of other 

LMICs. Finally, it offers specific insights into the Kenyan context, providing valuable information for 

local stakeholders involved in implementing the green hydrogen strategy. 

Results and discussion 

Power sources 

This study considers three renewable energy sources to power the electrolysers: solar photovoltaic, 

wind, and geothermal. To assess the competitiveness of hydrogen-based products against 

conventional production methods and market alternatives, only dedicated power sources are 

included. While, under certain grid conditions, strategies utilising excess electricity from non-

dispatchable variable renewable energy (VRE) sources could offer advantages for running electrolysers, 

exploring these options falls outside the scope of this study due to the high uncertainty surrounding 

the future availability of excess electricity on the Kenyan grid. 

Solar radiation is uniformly distributed in Kenya, with minimal differences in the capacity factor profiles 

and annual productions37. An average profile for the solar photovoltaic power source is hence 

considered in the current analysis. On the other hand, wind shows significant variations depending on 

the location, with the highest wind speeds reached in the Lake Turkana region, where Kenya’s largest 

wind farm is built. Average annual capacities factors can vary between 45% to 66%, with significant 

differences in the annual profile as well 37. For this reason, different wind capacity factors profiles are 

tested to verify how different wind resources affect the optimal renewable capacity mix, based on the 



model supply regions (MSRs) defined in Millot et al.37 Geothermal is considered to be fully dispatchable 

and with a capital investment cost aligned with the resources of Olkaria, Menengai, and Suswa fields38. 

Figure 1 shows the different capacity mixes required to meet demand from electrolysers in a reference 

scenario with significant adoption of hydrogen-based products. Case 1 uses wind capacity factors from 

the Ngong Hills area, southwest of Nairobi. While this region has the poorest wind resources among 

the ten areas identified for wind project development in Kenya, it is the closest to regions near Nairobi 

and Mombasa, where future industrialization is anticipated39. Case 2 is based on a mid-level wind 

resource location, between Nairobi and Lake Turkana, while Case 3 represents the best wind resources, 

located in the Northern regions around Lake Turkana. The average annual capacity factors for each 

region and the corresponding wind capacities in 2050 are shown in Table 1. In Case 1, no wind capacity 

is installed, and demand is met through a balanced mix of geothermal and solar. Geothermal is the 

sole power source until the early 2030s, when solar plants begin to be developed to accommodate the 

increasing demand for electrolytic hydrogen. Case 2 represents an intermediate scenario where wind 

complements solar and geothermal. The optimal mix combines all three resources, aligning effectively 

with the demand profile for hydrogen production. Finally, in Case 3, the optimal capacity mix is 

dominated by wind, which reaches 2.2 GW by 2050, with solar contributing only from the late 2040s 

onwards. 

The optimal power mix is therefore highly influenced by location. In the following analyses, we assume 

a wind capacity factor profile corresponding to Case 2. Green hydrogen is seen as a catalyst for 

industrialisation, with plant locations expected to be guided not only by the optimisation of power 

resources but also by factors such as population distribution and logistics. Consequently, this approach 

considers the potential development of transmission lines to supply power to industrial districts, 

promoting broader power utilisation beyond green hydrogen production. This strategy avoids 

scenarios where hydrogen is produced in remote locations and transported to industrial regions or 

where isolated industrial clusters are developed solely for local production of fertilisers and steel. 

 



 

Figure 1 Map of Kenya with relevant clusters highlighted and corresponding capacity mixes for different wind capacity 
factors. Capacity factors are based on clusters of model supply regions (MSRs), as defined in Millot et al. 37 Case 1 and 3 are, 

respectively, based on the best and worst MSRs for wind, while case 2 is an intermediate resource. 

 

Table 1 Definition of three cases based on different wind model supply regions37 and corresponding capacities installed in 
2050 

Case MSR37 Average wind CF Wind capacity 2050 

1 8 48% 0 

2 2 55% 1.63 GW 

3 4 66% 2.21 GW 

 

Future green hydrogen scenarios 

The role of hydrogen in Kenya's future energy system is analysed through nine scenarios, created by 

combining three technological development pathways for electrolysers (conservative, reference, and 

optimistic) with three market scenarios for ammonia and steel (low, mid, and high prices). A detailed 

description of all scenarios and some considerations on their likelihood are provided in the Scenarios 

subsection of the Methodology section. 



In the modelled scenarios, the adoption of green hydrogen for steel production is only dependent on 

market steel prices, and it is not influenced by the rate of technological development of electrolysers. 

Figure 2 hence shows results that can be applied to any of scenario of electrolysers cost reduction and 

performance improvement. Each column represents steel production and consumption for low, 

medium and high market prices. With low steel prices (Figure 2, first column), local production of virgin 

steel – whether using natural gas (NG) or hydrogen – is not competitive. For natural gas-based 

production, this is due to the absence of cheap NG resources and the high costs associated with 

developing NG import infrastructure. Similarly, in this scenario green steel is not competitive with steel 

produced in regions with low-cost NG resources. With steel prices aligned to current market prices 

(Figure 2, central column), local production based on the direct reduced iron process using natural gas 

(DRI-NG) remains uncompetitive. However, by 2032, as the constraint on green steel is removed, the 

cost of alkaline electrolysers is sufficiently low to make it cost-competitive. Production begins to ramp 

up, constrained only by the growth rate set as an upper limit in the model. By 2050, green steel 

production covers national demand entirely and can also be in part exported to neighbouring 

countries. Finally, high steel market prices (Figure 2, third column) appear to justify earlier investments 

in local production using the DRI-NG and electric arc furnace (EAF) processes, with hydrogen-based 

production ramping up again starting in 2032. By 2032, NG-based production alone could meet 

national demand, and, by 2050, combined NG and hydrogen-based production could achieve the 

maximum export level allowed by the model (equivalent to the level of national demand). However, 

DRI-NG-based production carries the risk of locking into carbon-intensive natural gas infrastructure, 

also highlighting the need for further research on the implications of high gas price volatility—such as 

that recently observed during the Russia-Ukraine crisis. 

 

 

Figure 2 Steel supply sources (top row) and final uses (bottom row). The supply and demand sources are presented for low 
steel market prices (left column), current market prices (centre column), and high market prices (right column). All six plots 

apply across all electrolyser development scenarios. For further details, see Supplementary Figures S1 to S3. 



Under low market prices for ammonia, Kenya’s national strategy faces the risk of domestic production 

not being cost competitive with imports. As shown in Figure 3, production via the HB process ramps 

up until 2032, after which it plateaus. This suggests that cost-competitiveness is not achieved at any 

point during the time horizon, and production continues only due to the initial investments driven by 

the strategy. Similarly, under current market prices most of the hydrogen capacity developed under 

the national strategy is redirected toward steel production, as green fertilisers remain uncompetitive, 

while green steel is economically viable. Only minor quantities of hydrogen are used for ammonia 

production after 2045, likely to make use of surplus production from VRE power installations driven by 

steel demand that would otherwise be curtailed. If electrolysers’ development was not an important 

determinant for the steel sector, it is a relevant factor for green fertilisers under current market 

conditions. In an optimistic development scenario, ammonia production, initially sustained by the 

national strategy, remains relatively stable during the 2030s and early 2040s, before finally ramping up 

significantly (see centre column in Figure S3). This is due to a combination of cheaper electrolysers, as 

proton exchange membrane (PEM) become cheaper than alkaline ones (Figure 4) and solar and wind 

cost reductions justifying a relative spike in investments in VRE (see first row, centre column, in 

Figure S3). High market prices once again make technology improvements in electrolysis irrelevant. 

With ammonia at 1200 USD/t, there is a steady increase in the local production from green hydrogen, 

continuing the same path of the national strategy beyond 2032, to completely cover national demand 

and the current rate of 7% demand exports to neighbouring countries by 2040 and reaching 4.6 PJ of 

exports by 2050. 

 

 

Figure 3 Ammonia for nitrogen-based fertilisers source (top row) and final uses (bottom row). The supply and demand 
sources are presented for low ammonia market prices (left column), current market prices (centre column), and high market 

prices (right column). All six plots apply across all electrolyser development scenarios, with differences only on the 
production side at current market prices. For further details, see Supplementary Figures S6 to S8. 



 

Figure 4 shows the evolution of the electrolyser capacity mix through 2050 across the nine scenarios 

considered. Among the three technology options for water electrolysis, alkaline electrolysers are the 

most cost-effective solution for all installations within the time horizon of the national strategy, ending 

in 2032. Depending on assumptions about electrolysers development (see Electrolysers and Scenarios 

Subsections in Methods for details), the same holds until late 2030s to mid-2040s (see again Figure 4). 

Beyond that point, PEM electrolysers become the cost optimal choice, while solid oxide electrolysis 

cell (SOEC) electrolysers are excluded from the mix under all scenarios considered. Market conditions 

for fertilisers and steel influence hydrogen demand and hence the amount of installed electrolysing 

capacity, but do not seem to affect significantly the capacity mix. Alkaline and PEM electrolysers have 

similar characteristics, and once PEM electrolysers become the cheaper option, they gradually 

dominate the mix, covering new demand and replacing aging alkaline electrolysers as they reach the 

end of their operational life. SOEC electrolysers, due to their significantly higher projected capital cost 

and efficiency, could potentially serve as a base load technology. However, under the assumptions 

considered in this study, their investment cost remains too high for inclusion in the mix. This could 

change depending on the actual trajectories of development of the three technologies, which may not 

progress in the coordinated manner assumed here. Future studies should consider the relative 

advancement of these technologies as new data becomes available. 

 



 

Figure 4 Electrolysers capacity mix over the nine scenarios simulated. Columns represent same market prices and rows same 
techno-economic development pathways for the electrolysers. Corresponding scenario codes are indicated on each subplot. 

 

Cost of hydrogen 

Across the nine simulated scenarios, the resulting levelized cost of hydrogen (LCOH) ranges from 

2.7 USD/kg to 3.7 USD/kg, well within the cost range of other studies considering solar, wind or 

geothermal power sources40. These values are calculated over the 2025-2050 period and are based on 

the actual production of hydrogen determined by the model, representing a weighted average cost of 

production from 2025 onwards. Due to the gradual adoption of hydrogen-based technologies, the final 

LCOH values are more heavily influenced by the costs of electrolysers achieved in the 2040s. 

As explained in the Power Sources subsection, transmission costs have been included in the estimation 

of the LCOH under the assumption that green hydrogen is produced in industrialised areas, which may 

be located farther from wind and geothermal resources. 

The obtained prices align with previous studies projecting hydrogen productions costs in Kenya 

between 1.8-3.0 EUR/kg (1.9-3.2 USD/kg at current exchange rates) by 203024. As shown in Figure 5, 

the largest share of the LCOH comes from power production, including both capital expenditure and 



operational costs, the latter predominantly driven by geothermal. The relatively moderate 

contribution of electrolysers to the final LCOH explains the limited sensitivity of green fertilisers and 

steel adoption to development pathways of water electrolysis technologies. This highlights that 

hydrogen competitiveness depends more on the availability of low-cost renewables and the 

technological development of hydrogen end use sectors (the latter not being captured in this metric).  

In this context, the actual cost of capital for hydrogen projects plays a critical role in determining their 

cost effectiveness. Robust national strategies that provide clear signals regarding hydrogen demand 

could reduce uncertainties, lower interest rates and improve the financial feasibility of such projects. 

 

 

Figure 5 Levelized cost of hydrogen (LCOH) over the nine scenarios simulated. The contribution of each price component is 
shown, distinguishing between CAPEX and OPEX and power and hydrogen generation technologies. Transmission costs are 
estimated based on an average price for grid expansion. Salvage values at the end of the modelling period are subtracted 

from power and H2 capital costs. Numerical values listed in Table S1 in the Supplementary material. 

 

Conclusions 

Even when limiting green hydrogen applications to fertilisers and steel, the production of green 

hydrogen in Kenya could account for 1.5% to 23% of the country's total electricity demand by 205038 

across the scenarios explored. This production would be supported by a balanced mix of solar, wind, 

and geothermal energy, highlighting the potential for renewable resources to drive green hydrogen 

production and green industrialisation. 

The cost of hydrogen production is estimated to range between 2.7 USD/kg and 3.7 USD/kg, with 

power generation representing the largest component of these costs. These figures place Kenya 

slightly above the benchmark of 2 USD/kg identified by the IEA as achievable in most promising regions 

by 2030. It is worth noting that this analysis applied a uniform discount rate of 9%, and actual hydrogen 

costs could vary depending on project-specific capital costs, emphasising the importance of context-

specific financial conditions. 

Electrolyser costs appear to have only a marginal impact on the cost competitiveness of green 

hydrogen. Alkaline electrolysers already show solid techno-economic characteristics, and further 

improvements are anticipated even under conservative development scenarios. This suggests that the 



competitiveness of green hydrogen is influenced more significantly by other factors, such as renewable 

energy costs and broader technological advancements in end-use applications. 

Beyond hydrogen, a realistic assessment of what establishing fertiliser and steel sectors would entail 

is needed, considering the associated challenges and opportunities. For nitrogen-based fertilisers, 

although with some caution, there seems to be potential to capitalise on low-cost hydrogen, making 

ammonia production competitive. However, the feasibility and specifics of the final step from 

ammonia to nitrogen-based fertilisers remain unclear. Currently, Sub-Saharan Africa has limited 

fertiliser production, with only five plants producing nitrogen-based fertiliser, three of which are in 

Nigeria and produce urea41. On the other hand, recent developments in Kenya's steel sector indicate 

ongoing efforts to establish steel production in country. In this case, the focus is hence shifted toward 

determining when hydrogen-based production technologies will achieve technological maturity and 

cost competitiveness with natural gas. On the latter, this will be important to avoid lock-in to fossil fuel 

infrastructure and further exposure to volatile international markets. According to our modelling, this 

transition to green steel production could occur around 2035, contingent on technology spillovers from 

countries with more advanced steel industries13.  

While cost competitiveness is a critical factor, other considerations, such as security of supply and 

industrial development, also play a role in shaping national strategies. Transitioning to domestic 

production could shift supply dependency from finite products, like fertilisers and steel, to raw 

materials such as potash for fertiliser production or iron ore for steelmaking. However, i) raw materials 

may have stronger or more accessible markets, including local ones, compared to finished products, 

and ii) strategic decisions could enhance Kenya’s self-reliance. For example, developing local iron ore 

production or increasing the share of urea in total fertiliser output could reduce dependence on 

imports and strengthen industrial capacity. Balancing these factors with cost considerations could 

position Kenya to achieve greater supply chain resilience while fostering long-term economic and 

industrial growth. 

Capacity expansion models that integrate hydrogen technologies can be valuable tools for testing 

national green hydrogen strategies from a single-country perspective, prioritising local applications, 

but with consideration of external factors. The Kenya case study, developed using an open-source 

model, provides insights that could be highly relevant for other low- and lower-middle-income 

countries as they design and implement their own national strategies. 
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Resource availability 

Lead contact 

Further information and requests for resources and materials should be directed to and will be fulfilled 

by the Lead Contact, Pietro Lubello (p.lubello@ucl.ac.uk). 

Material availability 

This study did not generate new materials. 

Data and code availability 

The OSeMOSYS model and data files used in this study can be found on the GitHub repository at: 

https://github.com/ClimateCompatibleGrowth/osemosys_kenya_wesm/tree/hydrogen 

Method details 

Kenya OSeMOSYS Whole Energy System Model (WESM) 

The model used in this study is a representation of Kenya’s Whole Energy System Model (WESM), 

which uses the OSeMOSYS modelling framework18. Primary energy can be sourced either through 

imports or local production. Locally available renewable energy sources feed into the power system, 

and the electricity generated is then distributed to end-use sectors. The model provides a detailed 

description of the power sector, based on the Kenya OSeMOSYS Power Sector Model38. Bioenergy can 

be directed either to the power sector, to be fired in biomass power plants, or to the residential sector, 

for cooking and heating water in the form of fuel wood, charcoal, bioethanol or biomethane. Fossil 

fuels are exclusively supplied through imports and distributed to end use sectors and the power 

system, with no domestic production or refining capacity considered. The end-use sectors represented 

in the energy system include the agricultural, commercial, industrial, residential, and transport sectors. 

Demands are modelled as energy service demands, enabling the model to capture potential efficiency 

gains and emissions reductions through fuel substitution across a range of technology options in 

different sectors. 

mailto:p.lubello@ucl.ac.uk
https://github.com/ClimateCompatibleGrowth/osemosys_kenya_wesm/tree/hydrogen


End-use sectors vary in the level of detail at which they are represented, primarily depending on data 

availability and the specific focus of the modelling. The agricultural, industrial, and commercial sectors 

are relatively simpler, whereas a broader range of end-use technologies and fuels is considered in the 

residential and transport sectors. An overview of each sector is provided in section Kenya Whole 

Energy System Model end use sectors of the Supplemental information, while a comprehensive 

description of the model and its complete reference energy system can be found in the model’s 

documentation29. 

Energy service demand (ESD) projections are estimated off-model and provided as an input42. Starting 

from current final energy demand levels and the existing technology mix, ESDs are calculated for each 

sector. The annual energy use, expressed in petajoules (PJ) and associated with various technologies 

providing the same service, is multiplied by each technology’s efficiency, expressed in energy service 

per PJ (e.g., bvkm/PJ for passenger vehicles). The total of these values represents the energy service 

demand for the reference year for the service in question. To project demand towards 2050, common 

drivers are considered, including population, urbanisation rate, urban and rural household occupancy, 

household electricity use, Gross Domestic Product (GDP), and Gross Value Added (GVA), depending on 

the sector42. 

Beyond the addition of hydrogen-related supply chains, detailed in the following subsections, an 

additional modification has been introduced to the model. To more accurately represent future 

expenses associated with adopting natural gas in Kenya, the model explicitly includes the cost of 

building LNG import infrastructure, following the approach outlined by Millot et al.37 Import capacity 

is restricted to zero until 2030. From 2030 onward, the maximum annual import capacity increases by 

1 Mt/year every five years, reaching a total of 5 Mt/year by 2050. The investment includes a cost of 

570 MUSD per Mt/year for the regasification terminal and 300 MUSD for the domestic pipeline, 

totalling approximately 29 MUSD/PJ/year for natural gas import infrastructure capacity. 

Nitrogen-based fertiliser and steel sector representation in the model 

This study considers the production of green hydrogen only through dedicated power plants. Based on 

Kenya’s natural resources, solar, wind and geothermal energy are considered as options for power 

generation. Electricity is then fed to the electrolysers, with proton exchange membrane (PEM), alkaline 

(ALK), and solid oxide electrolysis cell (SOEC) technologies considered as options. As shown in Figure 

6, for hydrogen used in fertiliser production, electricity is also supplied to the Haber-Bosch process, 

where hydrogen is converted to ammonia. Locally produced ammonia can be used to meet domestic 

demand for nitrogen-based fertilisers or to be exported. Similarly, imported ammonia can be directed 

toward local demand or re-exported. However, export prices are set at 99% of import prices to avoid 

imports solely for regional re-export, as this fall outside the scope of the present work. As explained 

in the subsection Nitrogen-based fertilisers, demand for nitrogen-based fertilisers is represented in 

terms of ammonia equivalent demand, without accounting for the subsequent steps in final product 

manufacturing11. 



 

Figure 6 Reference energy system of the fertiliser subsector. Fertiliser demand, exports, and imports are represented through 
quantities of ammonia containing the equivalent amount of nitrogen contained in the original mix of nitrogen-based 

fertilisers. Dedicated power from renewable energy sources is used to run the water electrolysis plant and the Haber-Bosch 
process, for the conversion of green hydrogen to ammonia. 

In the case of hydrogen for green steel production, renewable electricity is also fed to the electric arc 

furnace (EAF). The furnace is set to work with 5% scrap metal and 95% sponge iron16, produced through 

direct reduced iron (DRI) processes based either on hydrogen or natural gas. The steel produced by 

the EAF can then be used to cover local demand or for exports. As in the case of ammonia, export 

prices for steel are set to 99% of import ones, to avoid imports to be considered for regional re-export. 

 

Figure 7 Reference energy system of the steel subsector. The electricity for green hydrogen production through water 
electrolysis and for the electric arc furnace (EAF) is provided by dedicated renewable energy source plants. Sponge iron 

produced through direct reduced iron based on hydrogen or natural gas is fed to the EAF for the production of steel that can 
be used as an alternative to imported steel to cover local demand or to be exported to the Eastern African market. 

Renewable energy sources for green hydrogen 

Three renewable power sources are considered to feed the electrolysers: solar, wind, and geothermal. 

Capital cost projections for solar and wind are based on the Net Zero scenario of the IEA’s World Energy 

Outlook (WEO)43, while for geothermal a constant investment cost based on current prices is 

considered and set to 3800 USD/kW38. The capacity factor of solar power plants is based on a national 

average, as solar resources are quite evenly spread through the country37. On the other hand, wind 

capacity factors have much more significant variations, with average annual capacity factors between 

45% and 66%37. Three different capacity factor profiles have been considered based on Model Supply 

Regions (MSRs) defined in Millot et al.37: 

• Case 1 (MSR 8) – Ngong Hills area, southwest of Nairobi. Lowest wind speeds among the ten 

best areas for wind development in Kenya. It is the closest region to Nairobi and Mombasa. 

• Case 2 (MSR 2) – Intermediate level of wind resources in a region relatively close to Nairobi 

and halfway between Nairobi and the high wind regions around Lake Turkana. 



• Case 3 (MSR 4) – Region containing the best onshore wind resources in Kenya. This is where 

the Lake Turkana wind farm is located. 

The dataset used to characterise the wind regions is openly available and contains data for all African 

countries44. 

Electrolysers 

Three technology options are considered to produce green hydrogen from renewable electricity: 

proton exchange membrane (PEM), alkaline (ALK), and solid oxide electrolysis cell (SOEC). Each 

technology uses electricity to turn water into hydrogen and oxygen. Water consumption and oxygen 

co-production are not accounted for in this work. The parameters needed for the techno-economic 

characterisation of each technology are obtained from a brief literature review of peer-reviewed and 

grey literature. Given the high levels of uncertainty around cost and performance evolution in the 

future, three different scenarios of development are considered – conservative, reference and 

optimistic. A summary of projected capital cost, efficiency, and stack lifetime ranges obtained from the 

literature review are listed in Tables S2 to S4. 

Based on the data collected, the three technology development scenarios used in this study are 

defined (see Scenarios subsection). Resulting costs, efficiencies and operational lifetimes of the stacks 

for available years are summarised in Tables S5 to S7, while input parameters for the missing years are 

obtained by linear interpolation of tabulated values, as shown in Figure S4. 

Operational costs are considered as fixed annual costs and set as 2.5% of investment costs, regardless 

of the type of electrolyser. This is in line with all sources considered, that set operating costs between 

1-3%, without any significant distinction between the different technologies. Similarly, the availability 

factor is set to 98%45. 

In OSeMOSYS, the operational life parameter is constant over the entire time horizon considered for 

all technologies. In this study, the operational life of each electrolyser is set to 20 years. However, to 

represent the expected technological improvements in the stack lifetime and the significant 

differences between alkaline, PEM and SOEC technologies (see Table S7), the capital cost of each 

electrolyser is increased by adding the discounted cost of N substitutions of the stack, as shown in 

Equation 1.  

𝐶𝑖𝑛𝑐 = 𝐶 +  ∑
𝐶 4⁄

(1 + 𝑟)𝑖𝑛𝑡(𝑖⋅𝑙 𝑁⁄ )

𝑁

𝑖=1

 (1) 

Where Cinc is the increased capital cost of the electrolyser, C the original capital cost, r the discount 

rate and l the lifetime of the stack. Based on the literature data summarised in Table S7, and averaging 

between current performances and 2050 projections, one substitution is considered for alkaline and 

PEM electrolysers (based on an average stack lifetime of 10 years), and three for solid-oxide ones 

(based on an average stack lifetime of 5 years). 

Nitrogen-based fertilisers 

Historical data on fertiliser consumption and imports in Kenya is openly available through the 

AfricaFertilizer initiative’s online data platform, which offers data and market analysis on fertilisers in 

sub-Saharan Africa46. Figure S5 shows the annual apparent consumption and imports of different types 

of fertilisers for the period 2012-2023. 



Green hydrogen can be used to produce ammonia via the Haber-Bosch process, which is then utilised 

in nitrogen-based fertiliser production. To estimate the current potential demand for ammonia, we 

first determine nitrogen demand based on the fertiliser mix and the nitrogen content of each type. We 

then calculate the equivalent amount of ammonia required to meet this nitrogen demand, applying 

an 82% conversion rate based on ammonia’s nitrogen mass content of 0.82 kgN/kgNH3. Typical nitrogen 

content values for the most common fertilisers are provided in Table S8. 

Inferred nitrogen consumption and imports are thus calculated, with exports determined as the 

difference between the two trends (Figure S6). For 2021, export levels are set to zero, as consumption 

exceeds imports, likely due to part of the demand being met by existing fertiliser stocks. On average, 

exports account for 7.7% of annual demand. Based on ammonia’s nitrogen content, demand for 

ammonia in the base year (2019) is set to 201.4 kt. Fertiliser demand projections are based on the 

Food and Agriculture Organization (FAO) estimates of 9% growth over the period 2023-2032 for Sub-

Saharan Africa47, which have been extrapolated out to 2050 (see Figure S7). 

All relevant techno-economic parameters required to characterise the Haber-Bosch process are listed 

in Table S9. The hydrogen storage necessary to ensure smooth operation is included in the HB 

investment costs and is estimated to range between 3.3-4.9 USD/MWhH2
48. 

Steel sector 

Over the past decade, steel demand in Kenya has fluctuated between approximately 1000 kt/y and 

1800 kt/y, without showing a clear trend49,50 (see also Table S10). This demand is met entirely through 

imports, with negligible re-exports and minimal local production, primarily from a few minor induction 

furnaces processing scrap steel. However, a major new plant recently opened in Kwale County, with 

plans to ramp up production from scrap steel through electric arc furnace (EAF) in the coming years, 

and eventually start producing virgin steel through direct reduced iron (DRI) process as well51. Given 

the high uncertainty for steel demand in Kenya, a conservative rate of 2% year-on-year is considered 

towards 2050 based in recent global trends52 (see Figure S8). 

Table S11 lists all cost assumptions considered for the EAF and DRIs (natural gas and hydrogen) 

processes, while Table S12 reports the efficiencies of the process with respect to different 

commodities. The share of scrap steel for the EAF process is considered to be between 0% and 5%36,53, 

and hence omitted. Iron ore (58% Fe) unit cost is set to 60 USD/t. 

Scenarios 

Scenarios analysed are based on the combination of different assumption around the techno-

economic development of water electrolysis technologies and market prices for ammonia and steel, 

as shown in Table 2. 

Electrolysers’ technological improvements are translated into different projections for cost reductions 

and efficiency gains, corresponding to a conservative, reference and optimistic development scenarios 

(see also Electrolysers subsection). Given the lack of detail in the representation of operational life for 

technologies in OSeMOSYS, no variation in the lifetime of the electrolysers is introduced, but a generic 

value of 20 years is considered for all three technologies. Differences in the cell stack lifetimes are 

reflected in an increase in capital cost, as described in the Electrolysers subsection. 

For the purposes of scenario formulation, market prices for ammonia and steel, though only loosely 

related, are assumed to follow similar trend. This results in three scenarios corresponding to low, mid 

and high market prices, based on historical prices over the last ten years and listed in Table S13.  



All scenarios are built around the assumption that the initial uptake of green hydrogen in Kenya follows 

the national green hydrogen strategy27. Based on the strategy, a target of 20% of national nitrogen-

based fertiliser demand covered by green hydrogen-based fertilisers is set for 2027 and 50% by 2032, 

and no commercial production of green steel. After 2032, the model is free to choose the cost optimal 

solution, and the only constraints are set around the rate of potential uptake of new technologies. The 

production of ammonia for fertiliser is bounded by the expansion of the Haber- Bosch process, that 

continues to follow the trajectory set by the national strategy to surpass national demand by 2040 and 

reach almost twice the domestic demand level by 2050. Additionally, from 2024 exports are bounded 

by the most stringent constraint between (i) an annual increase of 10% of national demand, starting 

from current export levels or (ii) exports being equal to annual demand (see Figure S9 for details). 

Exports have a lower bound as well, set to the current level of 7% of the annual demand. The steel 

sector is constrained by an upper production limit for steel produced via electric arc furnaces, 

beginning in 2026 and increasing by 250 t/y. Similarly to the fertiliser sector, exports are limited either 

by the 10% of the domestic demand annual increase starting from 2024 levels, or by a higher limit set 

to be equal to national demand (see Figure S10).  

Finally, while all scenarios are presented as equally plausible, their actual likelihood could be explored 
further. The high uncertainty surrounding the evolution of electrolyser technologies makes it 
challenging to assign clear probabilities to each pathway. However, market trends for ammonia and 
steel could be more easily investigated. For example, in the case of steel, projected oversupply suggests 
that market prices are likely to remain low to current levels in the short to medium term54. 

 

Table 2 Scenarios considered in the analysis. Columns represent different levels of technological improvements and cost 
reductions for water electrolysis technologies, while rows different market price levels for international imports and exports 

of ammonia and steel. 

Market\Electr. Conservative Reference Optimistic 

Low S1 S2 S3 

Mid S4 S5 S6 

High S7 S8 S9 

 

Levelized cost of hydrogen 

The levelized cost of hydrogen (LCOH) can provide additional insights on the key cost components 

influencing hydrogen production prices. This is particularly relevant for this study, as it not only 

considers electricity prices but also compares different power mixes. 

The LCOH is calculated retrospectively, based on the results from the OSeMOSYS runs for the various 

scenarios. It is determined by dividing the discounted total investment and operational costs for the 

dedicated renewable energy capacity and electrolysers over the analysis period (2025–2050) by the 

discounted total hydrogen produced during the same time frame. Any discounted salvage value of 

investments extending beyond 2050 is subtracted from the total costs as obtained from OSeMOSYS. 

The resulting expression is: 

𝐿𝐶𝑂𝐻 =  

∑ ∑
𝐶𝐴𝑃𝐸𝑋𝑖,𝑡 + 𝑂𝑃𝐸𝑋𝑖,𝑡

(1 + 𝑟)𝑡𝑖 − 𝑆𝑖𝑡

∑
𝐻𝑡

(1 + 𝑟)𝑡𝑡

 (2) 



Where CAPEX represents the capital expenditures and OPEX the operational ones, S is the discounted 

salvage value at the end of the modelling period, H the annual hydrogen production, r the discount 

rate, and i and t the indexes to sum over technologies and time. The technologies considered are solar, 

wind and geothermal for power production, and alkaline, PEM and SOEC electrolysers for hydrogen 

production.  

 


