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1.0 Introduction

Nigeria stands at a critical juncture in its pursuit of sustainable development. As
Africa’s most populous nation and one of its largest economies, Nigeria’s energy
landscape remains dominated by fossil fuels, particularly oil and natural gas that have
fueled decades of growth but also contributed significantly to global greenhouse gas
(GHG) emissions. By leveraging its abundant renewable resources and existing
infrastructure, Nigeria can position itself as a leader in the emerging global hydrogen
economy - reducing emissions, creating jobs, and driving economic diversification
away from oil dependence.

Nigeria’s climate action is anchored in its Nationally Determined Contributions (NDCs)'
under the Paris Agreement, reflecting a progressive increase in ambition to address the
escalating threat of climate change. According to the latest GHG inventory data,
Nigeria’s total emissions reached approximately 515.3 MtCO,e in 2020, covering all
sectors, including land use, land-use change, and forestry (LULUCF)?. When LULUCF is
excluded to focus on human-related activities, emissions are estimated at around 350
MtCO,e based on the 2024 projections®, with energy-related sources remaining
dominant.. A more detailed disaggregation based on 2019 data (scaled to recent
trends) shows the energy sector accounting for 67% (approximately 200 MtCO.e ),
mainly from fuel combustion and fugitive emissions in oil and gas operations;
agriculture at 20% (around 60 MtCO.,e), driven by enteric fermentation, manure
management, and rice cultivation; waste at 9.1% (about 27 MtCO.e ), primarily from
solid waste disposal and wastewater; and industrial processes and product use (IPPU)
at 3.1% (roughly 9 MtCO,e ), including element production and chemical
manufacturing®. These figures highlight the multifaceted nature of Nigeria’s emissions
profile, dominated by the energy and agriculture sectors , and intensified by rapid
population growth and urbanization.

! https://unfccc.int/sites/default/files/2025-09/Nigeria%20NDC%203.0%20-%20Transimission%20Version%202.pdf

O(UN FCCC)%2024%20Decembe r%202024.

% The Emissions Database for Global Atmospheric Research. https://edgar.jrc.ec.europa.eu/report_2025
* https://1p5ndc-pathways.climateanalytics.org/countries/nigeria/v8/current-situation
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Nigeria’s updated NDC 3.0°, submitted in 2025, sets an economy-wide absolute
emissions reduction target relative to a 2018 baseline of 573.5 MtCO,e. The targets
include an unconditional commitment covering 20% of the ambition, with the
remaining 80% conditional on international support. Specifically, Nigeria aims to
reduce emissions by 29% (168.2 MtCO.e) by 2030 and a 32% reduction (184.9
MtCO,e) by 2035 from the 2018 baseline. These targets encompass all
Intergovernmental Panel on Climate Change (IPCC) sectors and gases. This represents
a clear shift from the business-as-usual projections under i NDC 2.0, aligning with the
2023 Global Stocktake and emphasizing high-impact measures, such as a 60%
reduction in deforestation, zero routine gas flaring, and achieving a 52% share of
renewable energy in electricity generation by 2030. Complementing these near-term
goals is Nigeria’s long-term commitment to achieve net-zero emissions by 2060, as
outlined in the Energy Transition Plan and Climate Change Act of 2021, which
integrates low-emission development strategies across key sectors®.

Despite these commitments, a widening gap persists between Nigeria’s current
emissions trajectory and its stated targets. Under current policies (excluding LULUCF),
emissions are projected to rise by 62-72% above 2010 levels by 20307, far exceeding
the unconditional NDC target, which allows only a 28-35% increase over 2010 levels®.
The resulting gap , estimated at 27-44 percentage points for the unconditional target
and 77-87 points for the conditional scenario (which aims for emissions between 2%
above to 15% below 2010 levels), underscores persistent implementation challenges.
These include weak tracking systems, limited access to climate finance, and a heavy
reliance on loans (with only US$4.93 billion mobilized from 2015-2021, °, Nigeria will
require approximately US$337 billion in total support through 2035 to remain on its
mitigation pathway'®. Without accelerated action, emissions will likely continue to rise ,
driven by economic growth projected at over 4% annually'', potentially undermining

® https://unfccc.int/sites/default/files/2025-09/Nigeria%20NDC%203.0%20-%20Transimission%20Version%202.pdf
® https://climateactiontracker.org/countries/nigeria/net-zero-targets/
7 Policies & action - -Climate Action Tracker. https://climateactiontracker.org/countries/nigeria/policies-action/

8 Targets - Climate Action Tracker. https://climateactiontracker.org/countries/nigeria/targets/
® Room, N. (2025, October 8). Nigeria’s Reliance on Foreign Climate Aid is a Gamble We Cannot Afford. Joey Off-Air

Podcast. https://www.joeyoffair.com/nigerias-reliance-on-foreign-climate-aid-is-a-gamble-we-cannot-afford/
% chibundu, J. (2025, October 11) EXPLAINER What Nigeria’s updated NDC means for communities. TheCable.

1 World Bank Group. (2025) Positive economic momentum in Nigeria, now time to bring home the gains. World
Bank Group.
https://www.worldbank.org/en/news/press-release/2025/10/08/positive-economic-momentum-in-nigeria-now-ti
me-to-bring-home-the-gains
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Nigeria’s net-zero pathway and heightening the exposing of vulnerable populations to
climate impacts such as flooding, desertification, and insecurity.

Hydrogen as a Decarbonization Vector

Low-carbon hydrogen offers a pivotal pathway for Nigeria to tackle its climate
challenges, serving as both a versatile energy carrier and an industrial feedstock that
complements the country’s renewable energy expansion. Green hydrogen, produced
via electrolysis powered by Nigeria’s abundant solar and hydropower resources,
provides zero-emission potential at the point of use. In contrast, blue hydrogen, derived
from natural gas with carbon capture and storage (CCS), leverages Nigeria’s 210 trillion
cubic feet of gas reserves' as a transitional solution. Hydrogen holds the potential to
decarbonize hard-to-abate sectors, such as heavy transport through fuel cell vehicles,
industrial heat, particularly in cement and chemical production, and long-duration
energy storage, supporting grid stability and ammonia production for fertilizers. With
targeted deployment, hydrogen could reduce emissions by 15-20 MtCO,e annually by
2030, particularly across transport and industry. This directly supports Nigeria’s NDC
3.0 targets of limiting emissions to 29% below 2018 levels by 2030 (unconditional) or
32% below by 2035 (conditional)’®>. Beyond emissions reduction, hydrogen could
strengthen economic resilience by enabling exports to high-demand markets such as
Europe, developing domestic value chains, creating thousands of jobs and diversifying
Nigeria’s oil-dependent economy. However, realizing these benefits will require
addressing critical barriers, including limited CCS infrastructure, high production costs,
and a funding requirement of US$10-20 billion by 2035™.

Emission Gap & Climate Targets Hydrogen as the Strategic Solution

Emission
20 MtCOze
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2 Anudu, 0. (2025). Nigeria’s gas reserves hit record 210.5trn cubic feet, to last 93 years- NUPRC. Businessday NG.
https://businessday.ng/energy/oilandgas/article/nigerias-gas-reserves-hit-record-210-5trn-cubic-feet-to-last-93-yea

rs-nuprc/
13 Simire, M. (2025). Nigeria’s climate gamble: Can NDC 3.0 deliver net-zero by 2060? EnviroNews - Latest

Environment News, Cl|mate Change, Renewable Energy

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Feb/IRENA_UNIDO_IDOS_Green_hydrogen
industrial_development_2024.pdf
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2.0 Nigeria’s Strategic Position for a Hydrogen Economy

Nigeria’s strategic positioning for a hydrogen economy is anchored in its abundant
renewable energy resources, a well-established energy infrastructure from decades of
oil and gas dominance, and its geographic proximity to emerging global demand hubs,
particularly in Europe. As the world’s seventh-most populous nation and Africa’s

leading oil producer, Nigeria possesses the foundational elements to transition from a
fossil fuel-dependent economy to a leader in low-carbon hydrogen production and

export.

Nigeria’s resource endowment and strategic positioning can contribute to the ECOWAS
region’s aspirational target of producing over 10 million tonnes annually by 2050"
under optimized conditions, while promoting economic diversification, enhancing
energy security, and reinforcing alignment with global decarbonization trajectories.
Harnessing these advantages could enable Nigeria to meet its domestic transition
goals and establish itself as a key player in the global hydrogen economy, generating
substantial export revenue and creating employment across renewable energy and
hydrogen-related value chains.

Nigeria possesses one of the strongest renewable energy profiles in Africa, with
exceptional solar, wind, and hydropower resources that are geographically distributed
to support hydrogen production via electrolysis. These resources provide a low-cost,
abundant input for green hydrogen, where renewable electricity powers water splitting
to produce hydrogen with minimal emissions.

Nigeria benefits from high solar irradiation levels, averaging 5.5 kWh/m?/day
nationwide'®, with peaks in the northern regions making it ideal for large-scale
photovoltaic (PV) deployments. The northern zones, particularly the North-West (e.g.,
Sokoto, Katsina) and North-East (e.g., Kano, Borno), receive the highest insolation,
ranging from 6.08 to 7.26-10.64 kWh/m?/day, while southern coastal areas average
3.5-4.43 kWh/m?/day due to higher cloud cover. This gradient positions the arid Sahel
and savanna belts as prime for solar farms, where annual averages can reach 7.0
kWh/m?/day in the far north. Land availability further enhances feasibility: Nigeria's total
land area spans 923,768 km?, with significant non-arable expanses in the north suitable
for solar development. Regional assessments indicate high suitability; for instance, in

> ECOWAS Centre for Renewable Energy and Energy Efficiency (ECREEE). (2023). ECOWAS Green Hydrogen Policy
and Strategy Framework.
https://wascal.org/greenhydrogen/wp-content/uploads/2023/11/ecowas_green_hydrogen_policy 21112023.pdf

6 Navigating the regulatory landscape for distributed solar power projects in Nigeria. International Bar Association.

https://www.ibanet.org/regulatory-landscape-solar-power-nigeria
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Enugu State alone, 1,000.4 km? (13.39% of the state)'’ is classified as highly suitable,
while Osun East District offers 111 km? (2.6%) of excellent sites. Extrapolating
nationally, conservative estimates suggest tens of thousands of km? of non-arable land
could host solar installations without competing with agriculture, leveraging geospatial
tools to avoid ecologically sensitive areas. With falling PV costs, this could support
gigawatt-scale projects, directly feeding electrolyzers for hydrogen production.

Wind

Complementing solar resources, Nigeria’s wind potential provides an important
pathway for expanding renewable energy capacity, particularly through hybrid
systems that help mitigate intermittency. Onshore wind speeds range from 2.0 to 9.5
m/s at 100m hub height, with the strongest resources concentrated in northern and
coastal regions, where average speeds exceed 6.5 m/s'®'°. Notable onshore zones
include the Jos Plateau (central highlands, with speeds up to 8 m/s), Northeast (e.g.,
average 3.5 m/s but peaks higher)?°, and coastal areas like the South-West (Lagos
vicinity, 5.28 m/s at 10m height, scaling to higher at turbine levels)?'. Offshore wind
potential is even more promising , with consistent speeds of 7.5-10 m/s along the Gulf
of Guinea?, offering higher capacity factors than most onshore sites. IRENA estimates
Nigeria’s total wind potential at approximately 3,200 MW?®, concentrated primarily in
these high-resource regions. However, this potential remains largely untapped due to a
historical policy and investment focus on fossil fuels. Integrating wind with solar in

7 Adeboboye, A, I.U, |., Atoki, L., & Agada, A. S. (2024). Site suitability analysis for solar energy farms in Enugu
state, using GIS and remote sensing.
https://www.researchgate.net/publication/382173086_Site_Suitability_Analysis_for_Solar_Energy_Farms_in_Enug
u State Using GIS and Remote Sensing

!8 Ekele Dinneya-Onuoha. (2025). Unlocking renewable energy materials in Nigeria: Availability, application, and
roadmap for sustainability. RSC Sustainability, 3(6), 2534—2566. https://doi.org/10.1039/D5SU00121H

¥ Mamman, R. O., Abolarin, M. S., & Adedipe, O. (2018, September 12). A review of onshore and offshore wind
energy potential in Nigeria.

https://www.researchgate.net/publication/327594249 A Review of Onshore and Offshore Wind Energy Poten
tial in Nigeria

20 https://article.sciencepg.com/pdf/j.ajset.20251003.16

2L Attah, A. R., Abubakar, J., & Badejo, J. (2021). Assessing the technical offshore wind energy potential in lagos,
nigeria. IOP Conference Series: Earth and Environmental Science, 730(1), 012036.
https://doi.org/10.1088/1755-1315/730/1/012036

22 Adedipe, O., Abolarin, M. S., & Mamman, R. O. (2018, September 10). A review of onshore and offshore wind
energy potential in Nigeria. |OP Publishing.
https://www.researchgate.net/publication/327564060_A_Review_of_Onshore_and_Offshore_Wind_Energy_Poten
tial_in_Nigeria

2 Wind energy in Nigeria: Feasibility of development and local supply chain.
(2025).https://www.verivafrica.com/insights/wind-energy-in-nigeria-feasibility-of-development-and-local-supply-ch
ain
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hybrid systems offers a strategic advantage for green hydrogen production, especially
for optimizing electrolysis operations, and reducing levelized costs.

Hydropower

Nigeria’s hydropower infrastructure provides a stable, and dispatchable renewable
energy source of electrolysis, particularly during off-peak generation periods. The
country’s current installed hydropower capacity stands at approximately 2.1 GW,
primarily from large dams like Kainji (760 MW), Jebba (578 MW), and Shiroro (600 MW),
representing about 20% of on-grid generation®*. The total technical potential is
estimated at 14 GW, leaving about 12 GW of untapped capacity, including numerous
small and mini-hydro opportunities across river basins such as the Niger and Benue.
Ongoing initiatives including the Sustainable Power and Irrigation Project aim to unlock
an additional 10 GW by retrofitting existing dams?®. Such developments could provide
reliable baseload power essential for efficient and continuous hydrogen production.
Under current national plans, renewable capacity, including hydropower, could reach
1.7 GW by 2035 ¢, with the potential for further expansion to support emerging
hydrogen hubs.

2.2 Existing Energy Infrastructure and Expertise

Nigeria’s long-standing expertise in hydrocarbons provides a strong foundation for
scaling hydrogen deployment. The country possesses extensive pipeline
infrastructure, processing capabilities , and export facilities that can be adapted for
hydrogen with relatively minimal investment. These assets significantly reduce barriers
to entry, enabling cost-effective blending, transport, and global trade of hydrogen and
its derivatives such as ammonia.

Nigeria’s natural gas pipeline network spans approximately 5,120 km, including critical
corridors such as the 614 km Ajaokuta-Kaduna-Kano (AKK) pipeline?” and the 678 km

24 Golobish, S., Yeganyan, R., Tan, N., Cannone, C., & Howells, M. (2025). The Burden of the Broken Grid: Modelling
power-sector reliability to support low carbon development in Nigeria. Energy Strategy Reviews, 60, 101784.
https://doi.org/10.1016/j.esr.2025.101784

2> Africa hydropower regional profileHydropower in Africa. (2022).
https://www.hydropower.org/region-profiles/africa

%6 Butler, A. (2025). Nigeria’s renewable power capacity to reach 1.7 GW in 2035, forecasts GlobalData. Energy
Global.
https://www.energyglobal.com/other-renewables/06062025/nigerias-renewable-power-capacity-to-reach-17-gw-i
n-2035-forecasts-globaldata/

?’ Tope Adebayo LP. (2024). Energy and Natural Resources Report (Vol. 2).
https://topeadebayolp.com/wp-content/uploads/2025/01/approved-ENR-REPORT-VOL-2.pdf
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West African Gas Pipeline (WAGP)?. These systems can accommodate hydrogen
blending of up to 20% by volume with minor modifications®®, as modern pipelines are
compatible with hydrogen-natural gas mixtures This minimizes embrittlement risks and
allows for a transitional decarbonization pathway for gas-dependent industries. The
country’s accumulated expertise in gas processing, honed through entities like the
Nigerian National Petroleum Company (NNPC), Seplat Energy, and service providers
such as PESO Energy and Terra Energy Services, includes advanced capabilities in
handling, compression, and liquefaction. These skills are directly transferable to
hydrogen. Specialized competencies in pipeline flushing, hydrotesting, and chemical
cleaning, ensuring safe adaptation. Port infrastructure enhances export readiness.
Major ports in Lagos (Apapa, Tincan Island, Lekki) and Port Harcourt/Onne already
handle LNG/LPG and other liquid bulk commodities , and possess the foundations
necessary for future hydrogen or ammonia export terminals .

Nigeria’s Atlantic coastline provides a strategic geographical advantage for accessing
future hydrogen markets, particularly in Europe, where demand is surging under
decarbonization mandates. Shipping distances from Nigerian ports to key European
hubs are competitive: Lagos to Hamburg is approximately 5,000-6,000 nautical miles
(9,260-11,112 km), Lagos to Rotterdam around 4,800 nm, and Port Harcourt to
Antwerp about 4,900 nm, enabling efficient shipping of liquefied hydrogen or ammonia
via existing routes. These routes are shorter than those from the Middle East or
Australia, enabling 20-30% lower transport costs for liquefied hydrogen or ammonia.
The European Union’s REPowerEU plan targets the import of 10 million tonnes of
renewable hydrogen by 2030 to phase out Russian gas®, creating a significant market
opportunity for Nigeria to supply 1-2 million tonnes annually via coordinated
public-private partnerships. With proposed pipelines like the 5,600 km
Nigeria-Morocco Gas Pipeline®' potentially adaptable for hydrogen, Nigeria can
leverage its location to become a pivotal supplier, enhancing energy ties and economic
growth.

%8 Nigerian National Petroleum Corporation. (2013). Nigeria Gas Master Plan (1st ed.).
https://aldg.org.ng/wp-content/uploads/2021/05/NIGERIA-GAS-MASTER-PLAN.pdf
® Jenns, C. (2025). Is it feasible to repurpose oil and gas plpellnes for hydrogen? Offshore Techno/ogy

0 CGEP C. |. (2024). REPowerEU tracker Center on globa/ energy policy at columbia university SIPA. Center on
Global Energy Policy at Columbia University SIPA | CGEP.
https://www.energypolicy.columbia.edu/publications/repowereu-tracker/

31 Enerdata. (2024). Nigeria- Morocco Gas Plpelme begms topograph/c surveys on northern sect/on

ys- northern section. htmI
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Uniquely positioned to dominate the global low-carbon hydrogen market.
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3.0 Hydrogen’s Decarbonization Impact in Key Sectors

Integrating low-carbon hydrogen, particularly green hydrogen produced via renewable
powered electrolysis, into Nigeria’s industrial processes, power systems, and transport
sectors could yield significant emissions reductions. Modelled pathways indicate the
potential to abate 20-40 MtCO,e annually by 2030, rising to 50-80 MtCO,e by 2040,
contingent on scaled deployment and supportive regulatory frameworks .These
projections are derived from bottom-up models incorporating current baselines,
hydrogen substitution rates (assuming 50-100% in targeted applications), and
efficiency factors, with sensitivity to variables like renewable energy costs and carbon
pricing. The analysis highlights hydrogen's role in addressing intermittency, high-heat
requirements, and long-haul transport energy needs. When combined with broader
energy transition policies, hydrogen adoption could unlock$5-10 billion in cumulative
economic benefits through emissions reductions, fuel savings, and export revenues by
2040.

Industry (Decarbonizing Feedstock and High-Temperature Heat)

In Nigeria’s refining and fertilizer (ammonia) production, two pillars of the national
industrial sector, low-carbon hydrogen offers a direct pathway to decarbonize high
temperature heat and feedstock. Presently, these industries rely heavily on grey
hydrogen produced through natural gas steam methane reforming (SMR), which is
emissions-intensive. Using a substitution model that assumes progressive replacement
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of 20-30% green hydrogen blending by 2030, scaling to 70-100% by 2040, factoring in
electrolyzer efficiency (50-70 kWh/kg H,) and renewable input costs. This could reduce
sector-specific emissions by 5-10 MtCO,e/year by 2030, with broader spillover effects
on downstream products like urea and refined fuels®.

Current hydrogen consumption in Nigeria's refineries and ammonia plants is estimated
at 0.4-0.5 million tonnes per year, sourced predominantly from SMR?. In the fertilizer
sector, dominated by plants like Dangote (3 Mtpa urea capacity), Indorama, and
Notore, ammonia production requires ~0.37 Mt H, annually, based on 3.7 Mtpa urea
output in 2023 (adjusted for 2025 trends), where each tonne of urea demands ~0.567
tonnes of ammonia and ~0.1 tonnes of H,*. Refineries, including the operational
Dangote facility (650,000 bpd), consume roughly ~0.03-0.05 Mt Hj/year for
hydrocracking and desulfurization, at ~0.15 kg H, per barrel. Associated CO, emissions
from these activities are estimated at roughly 4-5 MtCO,e per year. Fertilizer production
is the dominant source, responsible for about 3.3 MtCO,e, based on an emissions
intensity of 8-10 kg CO, per kg of grey hydrogen, while petroleum refining contributes
an additional ~0.3-0.5 MtCO,e. Collectively, these processes account for a significant
share of the industrial sector’s emissions, which total approximately 9-10 MtCO,e,
equivalent to around 3.1% of national emissions when land-use, land-use change, and
forestry (LULUCF) are excluded®.

Hydrogen’s integration into power generation addresses Nigeria’s grid challenges,
including renewable intermittency and reliance on diesel backups, through
long-duration storage and co-firing in gas turbines®®. A system dynamics model
assessing a 30-50% renewable penetration scenario by 2030 (in line with Nigeria’s

32 Deutsche Gesellschaft fiir Internationale Zusammenarbeit. (2025). Green Hydrogen for the C&I Sector. German
Energy Solutlons Initiative of the German Federal Ministry for Economlc Affalrs and Energy.

https://h2diplo.de/wp-content/uploads/2024/02/H2-Diplo_Study-of-Hydrogen-Potential-in-Nigeria_Synthesis-Rep
ort.pdf

3 GmbH, D. G. fiir I. Z. (GIZ). (n.d.). Sector analysis — Nigeria.

https://www.giz.de/en/downloads/2025 NG PDP SectorAnalysis RZ barrierefrei.pdf

* Nigeria’s sources of CO, emissions. ClimateChangeTracker.Org.
https://climatechangetracker.org/nations/greenhouse-gas-emissions/nigeria/sources-of-co2-emissions

% Deutsche Gesellschaft fiir Internationale Zusammenarbeit. (2024). Synthesis Report-Study on the Potential for
Hydrogen in Nigeria.
https://h2diplo.de/wp-content/uploads/2024/02/H2-Diplo_Study-of-Hydrogen-Potential-in-Nigeria Synthesis-Rep
ort.pdf
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NDC commitments ), indicates that integrating hydrogen for peaking and seasonal
balancing could reduce renewable curtailment by 15-25% and defer $2-5 billion in
grid upgrade investments by 2040%.

Solar and wind variability in Nigeria strengthens the case for hydrogen-enabled
storage. In northern Nigeria, solar irradiation peaks at 6-7 kWh/m?/day during the dry
seasons (October-March) but declines by 20-30% during rainy periods
(April-September)®, necessitating storage capable of bridging interruptions of

100-200 hours *. Wind resources, concentrated in coastal and plateau areas, show
higher diurnal and weather-driven fluctuations (2-9 m/s)*°, amplifying the need for
seasonal storage equivalent to 5-10% of annual generation (e.g., 1-2 TWh by 2030).
Hydrogen, stored as compressed gas or ammonia, enables multi-week dispatch,
outperforming batteries for durations >8 hours*'.

Hydrogen also presents a pathway to replace diesel in Nigeria’s extensive backup
generation sector. The country consumes roughly 35 billion liters of diesel annually for
backup power (~10-15% of national power supply)***®. Diesel generators typically
consume 250-300 liters/MWh (or 250,000-300,000 liters/GWh) across grid-tied and
off-grid sites*, emitting ~0.7-0.8 tCO,e/MWh. Substituting diesel with hydrogen fuel
cells (at 50-60% efficiency) could displace 5-10 billion liters/year of diesel by 2030*,
abating 10-15 MtCO,e while saving $3-5 billion in fuel costs®.

System-wide cost savings also arise from reduced renewable curtailment (currently
10-20% in pilot solar farms)* and deferred infrastructure: modeling shows that
hydrogen enabled optimization could lower system costs by $0.05-0.10/kWh

3 Okundamiya, M. S. (2021). Integration of photovoltaic and hydrogen fuel cell systems for sustainable energy
harvesting of a university ICT infrastructure with an irregular electric grid. Energy Conversion and Management,
250, 114928. https://doi.org/10.1016/j.enconman.2021.114928

% Obada, D. 0., Muhammad, M., Tajiri, S. B., Kekung, M. O., Abolade, S. A., Akinpelu, S. B., & Akande, A. (2024). A
review of renewable energy resources in Nigeria for climate change mitigation. Case Studies in Chemical and

Environmental Engineering, 9, 100669. https://doi.org/10.1016/j.cscee.2024.100669
3 Converse, A. 0. (2012, February 1). Seasonal energy storage in a renewable energy system. IEEE (Institute of

Electrical and Electronics Engineers).
https://www.researchgate.net/publication/260686539_Seasonal_Energy_Storage_in_a_Renewable_Energy Syste
m

0 Che, E. E., Abeng, K. R., lweh, C. D., Tsekouras, G. J., & Fopah-Lele, A. (2025). The impact of integrating variable
renewable energy sources into grid-connected power systems: challenges, mitigation strategies, and prospects.
Energies, 18(3). https://doi.org/10.3390/en18030689

4! Converse, A. 0. (2012). Seasonal energy storage in a renewable energy system. |IEEE (Institute of Electrical and
Electronics Engineers).

https://www.researchgate.net/publication/260686539 Seasonal Energy Storage in_a_Renewable Energy Syste
m

42 https://www.ifc.org/content/dam/ifc/doc/mgrt/20190919-full-report-the-dirty-footprint-of-the-broken-grid.pdf
3 World Bank (2014). Diesel power generation: inventories and black carbon emissions in Nigeria.
https://openknowledge.worldbank.org/server/api/core/bitstreams/f1175f4b-ad7e-52da-97d3-5911ald5e82e/cont
ent

4 https://ng.jubailibros.com/blogs/fuel-and-efficiency/how-much-fuel-does-a-diesel-generator-consume
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equivalent to $1-2 billion in annual savings by 2040 in a 20 GW renewable grid
scenario®.

Transport (Heavy-Duty and Maritime)

Hydrogen deployment in transport, particularly through fuel cell electric vehicles
(FCEVs) and maritime bunkering offers a high-impact decarbonization pathway for
Nigeria’s most energy intensive mobility segments®. Heavy-duty road freight and
shipping collectively generate an estimated ~20-30 MtCO,e/year in Nigeria®,
representing a significant portion of the total transport sector emissions, which range
between 60-70 MtCO,e®'. A fleet transition model indicates potential FCEV adoption
of 10-20% by 2030, scaling to approximately 50% by 2040, corresponding to 10-20
MtCO,e/year in avoided emissions through zero-tailpipe operation®.

Road freight emissions stand at ~15-25 MtCO,e/year in 2025, driven by ~1 million
trucks consuming 10-15 billion liters of diesel annually, with projections of 50% growth
by 2035 under BAU*'. Hydrogen FCEVs become increasingly competitive over time.
Total Cost of Ownership (TCO) for H, trucks is projected at $0.50-0.70/km in 2030
compared with. $0.40-0.50/km for diesel®®, achieving parity by 2035-2040 under
$2-3/kg H, and $100/kW fuel cell costs, with sensitivities to fuel prices (+20%
impact)®.

“8 participatory mapping of local green hydrogen cost-potentials in Sub-Saharan Africa. (2025). International Journal
of Hydrogen Energy, 112, 289-321. https://doi.org/10.1016/j.ijhydene.2025.02.015

9 Maji, I. K., Muhammad, S., Saari, M. Y., Ibrahim, A. S., & Alkali, U. . (2023). Energy emission offset from road
transport: A societal benefit perspective. Societal Impacts, 1(1-2), 100022.
https://doi.org/10.1016/j.socimp.2023.100022

0 APM Terminals. (2025). The Opportunity to Electrify Container Transport in Nigeria. (2025)
https://www.systemiq.earth/wp-content/uploads/2025/07/the opportunity to electrify container transport in
nigeria.pdf

> https://www.climate-transparency.org/wp-content/uploads/2021/01/Nigeria-CT-2020.pdf

*2 APM Terminals. (2025). The Opportunity to Electrify Container Transport in Nigeria. (2025)
https://www.systemig.earth/wp-content/uploads/2025/07/the_opportunity_to_electrify_container_transport_in_
nigeria.pdf

%3 Johnson, M. (2025, August 16). Nigeria: 2025 mid-year emissions report card. Climate Scorecard.
https://www.climatescorecard.org/2025/08/nigeria-2025-mid-year-emissions-report-card/

** Maduekwe, M., Akpan, U., & Isihak, S. (2021). Road Transport Energy Consumption and Vehicular Emission in
Lagos, Nigeria. Development Bank of Nigeria Working Paper Series, 220, 107—-135.
https://dbn-bucket.s3.eu-west-2.amazonaws.com/publications/6-road-transport-energy-consumption-and-vehicula
r-emissions-in-lagos-nigeria-iuzXvbdAjaV99MeNs.pdf

> A total cost of ownership comparison of truck decarbonization pathways in Europe. (2023, November 13).
International Council on Clean Transportation.
https://theicct.org/publication/total-cost-ownership-trucks-europe-nov23/

* Danielis, R., Scorrano, M., Masutti, M., Awan, A. M., & Niazi, A. M. K. (2024). The economic competitiveness of
hydrogen fuel cell-powered trucks: A review of total cost of ownership estimates. Energies, 17(11), 2509.
https://doi.org/10.3390/en17112509
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Greening port operations in Lagos and Port Harcourt, handling 80% of Nigeria's
cargo®’, via hydrogen bunkering and fuel cells could reduce ~1-2 MtCO,e/year by
2030, including 40,000 tCO.e from electrifying/hydrogenizing container transport alone,
aligning with IMO's 40% reduction targets®®.

Integrating low-carbon hydrogen into Nigeria's energy economy provides a pathway to abate up to 80 MtCO.e annually by 2040.
By replacing high-emission "grey” hydrogen and diesel, Nigeria can stabilize its power grid and unlock billions in economic benefits.

Sector-Specific Decarbonization Anniial Einissionis Abatemant y Power Stability & Economic Impact
Greening | @ [l 50-80 Long-Duration
Industrial * Energy Storage
Feedstock . @ thdmgen bbritdges 100-200
Transitioning to 100% hvd our renewable energy gaps
'.rﬁgrs‘r.illigg:nagnd refming rbe:;D;U.rogen 2080 better than batteries,
Decarbonizing (¢ fmea®= GG $ TH
Heavy-Duty ; ,( = 5 B!"IO"
Transport . S . Dy Diesel Displacement
Scling ek coll slectiic vehicles 1o : 7 U &) substituting 10 billion liters of diese!

annually with hydrogen fuel cells.

$10 Billion %

M U] Economic Windfall @@

50% of the freight fleet by 2040,

20-30 MtCO,e

Annual Savings
Targeted reductions from heavy-duty road
freight and maritime shipping sectors,

Cumulative benefits from emissions reductions,
fuel savings, and exports by 2040.

4.0 Economic Viability and Cost Projections (The Levelized Cost of
Hydrogen - LCOH)

The economic case for green hydrogen in Nigeria hinges on achieving a competitive
Levelized Cost of Hydrogen (LCOH), the constant real Naira or USD per kilogram of H,
produced over the project lifetime, driven by the country’s world-class solar and wind
resources, declining technology costs, and policy-enabling financing. This section
presents a transparent, Nigeria-specific LCOH model using 2025 baseline data,
projections to 2040, and sensitivity analysis across key cost drivers . The results
indicate that Nigeria could achieve an LCOH of $1.2-1.5/kg by 2030 and $0.8-1.1/kg

" Egole, A. (2024). How obsolete shipping facilities, policy summersault may hinder govt emission reduction
strategies. Punch Newspapers.
https://punchng.com/how-obsolete-shipping-facilities-policy-summersault-may-hinder-govt-emission-reduction-str
ategies/

%8 Maduekwe, M., Akpan, U., & Isihak, S. (2021). Road Transport Energy Consumption and Vehicular Emission in
Lagos, Nigeria. Development Bank of Nigeria Working Paper Series, 220, 107—-135.
https://dbn-bucket.s3.eu-west-2.amazonaws.com/publications/6-road-transport-energy-consumption-and-vehicula
r-emissions-in-lagos-nigeria-iuzXvbdAjaV99MeNs.pdf
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by 2040 in optimal northern solar hubs, well below the $2-3/kg threshold for
competitiveness with grey hydrogen under moderate carbon pricing. These projections
position Nigeria not only to decarbonize domestic hard-to-abate sectors but also to
export at scale to Europe, where imported green H, prices are expected to exceed
$3-4/kg by 2035.

The LCOH is calculated using the standard discounted cash flow methodology:

& CapExt+OpExt+Energy Costt

Z t
LCOH( USD)= = ()

kgH2 &y H, Production,

o1 @
Where:
CapEx = Electrolyzer, balance of plant (BoP), and renewable power infrastructure

OpEXx = Fixed and variable maintenance, water, labour
Energy Cost = Levelized Cost of Electricity (LCOE) x Electricity Input (kWh/kg H,)

r = Weighted Average Cost of Capital (WACC)
N = Project lifetime (25-30 years)
H, Production = Annual output (kg) = Capacity (MW) x 8,760 x Capacity Factor x

Efficiency
Parameter 2025 2030 2040 Source
Baseline Projection Projection

Electrolyzer CapEx | $650/kW $350/kW $200/kW BNEF, IRENA, IEA

BoP+Installation $300/kW $200/kW $150/kW Local engineering
estimates

Renewable LCOE $0.025/kWh | $0.020/kWh | $0.015/kWh NERC, World Bank

(Solar, North)

Capacity Factor 28-32% 30-35% 35-40% NASA POWER, GHI

(Solar Hybrid)

Electrolyzer 55kWh/kg 50kWh/kg 45kWh/kg PEM advancement

Efficiency roadmap

Fixed OpEx $25/kWyear | $20/kWyear | $15/kWyear | Local labour, maintenance

Water Cost $0.50/m? $0.60/m? $0.70/m3 Desalinated/brackish
sources

WACC 10% (real) 8% 6% Declining risk premium
with policy support

System Lifetime 25 years 28 years 30 years -

Note: All costs in constant 2025 USD. Naira equivalent uses 2025 exchange rate of
#1,600/USD (CBN forward guidance), yielding LCOH of &#1,920-2,400/kg in 2030.
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LCOH Projections (Optimal Northern Solar Hub, 100MW Scale)

Year LCOH ($/kg) |Breakdown
: 0 - 0 .
2025 $2.10-2.40 Energy: 55%, CapEx: 35%, OpEx:
10%
: 0 - 0 .
2030 $1.20-1.50 Energy: 45%, CapEx: 40%, OpEx:
15%
: 0 . 0 -
2035 $0.95-1.20 Energy: 40%, CapEx: 45%), OpEx:
15%
: 0 - 0 .
2040 $0.80-1.10 1Egoe/;gy. 35%, CapEx: 50%, OpEx:

A Monte Carlo simulation (1,000 iterations) across +30% variation in key inputs reveals
robustness and risk factors:

Variable -30% Base +30% Impact on 2030 LCOH

Electrolyzer

CapEx $245/kW $350/kW  [$455/kW  [+$0.18/kg

LCOE (Solar)  [$0.014/kWh [$0.020/kWh [$0.026/kwh [£20-30/kg (most

sensitive)

Capacity Factor 21% 30% 39% 7$0.25/kg

WACC 5.6% 8% 10.4% +$0.15/kg

Efficiency 35 kWh/kg |50 kWh/kg |65 kWh/kg  [F$0.35/kg

Key Insight: Electricity cost is the dominant driver (45-55% of LCOH). Nigeria’s
northern solar LCOE of $0.015-0.025/kWh, among the world’s lowest, gives a structural
advantage of $0.5-1.0/kg over MENA or Australian peers.

Scenario 2030 LCOH Enabling Mechanism
Base Case $1.35/kg  |Market WACC, no subsidies
CfD Support $1.10/kg  |$0.5/kg revenue floor

Green Finance $1.05/kg  |WACC = 5%, 30-year tenor
Carbon Price ($50/t) $0.95/kg  |Full cost pass-through in industry
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Strategic Implications

1. Domestic Viability by 2032: At $1.5/kg, green H, undercuts grey H, in fertilizer
and refining under a $30-50/tCO, shadow price —aligned with Nigeria’s planned
carbon market under the Climate Change Act.

2. Export Leadership by 2035: LCOH < $1.2/kg enables ammonia exports at
$350-450/tonne, capturing 5-10% of the EU’s 10 Mt import target.

3. Investment Case: A 1 GW solar-electrolyzer hub in Katsina (LCOH $1.1/kg by
2035) requires ~$1.2 billion CapEx, generates 150,000 t H,/year, abates 1.5
MtCO.,e, and yields IRR >12% with CfD support.

Nigeria’s LCOH trajectory, driven by ultra-low solar LCOE, rapid CapEx decline, and
policy de-risking, transforms green hydrogen from a climate solution into a national
economic asset, enabling decarbonization, energy security, and export-led growth.

Nigeria: Powering the Future
with Green Hydrogen ﬁ

Technology Costs
are Plummeting

The capital cost of electrolyzers—the

core technology for producing hydrogen—
15 projected to drog by over 65% between
2025 and 2040

Electricity Cost
45-55% 5
L | =
Powered by Ultra-Low Cost Solar A Global Export Opportunity
The cost of electricity is the single biggest factor (45-55%) By 2035, projected low costs wil enable Nigeria to
in hydragen production, and Nigeria's northem soiar hubs become a major green hydrogen and ammonia exporter,
have seme of the lowest electricity costs in the workd, particularly to the European Union market

5.0 Policy Framework and Implementation Roadmap

Drawing on ongoing initiatives such as the German-Nigerian Hydrogen Office’s
strategic roadmap and the Federal Government’s hydrogen policy workshops in 2025,
this phased implementation approach mitigates risks like high upfront costs and
technological uncertainties while leveraging Nigeria’s renewable energy potential and
strategic export positioning .

The roadmap is structured around three phases, with milestones linked to emissions
reductions, investment mobilization, and job creation. Effective Implementation will
require close coordination among key national institutions, including the National
Council on Climate Change (NCCC), the Ministry of Power, the Nigerian National
Petroleum Company (NNPC), and international partners, as well as annual progress
reviews to reflect to technological advances and evolving global market dynamics.
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This initial phase aims to establish institutional, regulatory, and demonstration
frameworks to de-risk early adoption and build investor and stakeholder confidence.
By 2027, the objective is to finalize core policies, initiate pilot projects, and secure
early-stage financing to validate Nigeria’s green hydrogen potential .

Actions

i. [Establish a National Hydrogen Strategy: Led by the NCCC and Ministry of
Petroleum Resources, develop and approve a comprehensive strategy by
mid-2026, incorporating stakeholder inputs from the 2025 inception workshops
organized by H2-Diplo and the Federal Government. The strategy should outline
production targets, sectoral integration roadmaps, and alignment with the Energy
Transition Plan, emphasizing green hydrogen’s role in abating 5-10 MtCO,e in
industry and power. It must include risk assessments for supply chain
vulnerabilities and international benchmarks from countries like Morocco and
Namibia.

i. Create a Legal/Regulatory Framework: Enact legislation defining “green” hydrogen
and establishing certification standards compliant with EU Carbon Border
Adjustment Mechanism (CBAM) requirements. This involves amending the Climate
Change Act 2021 to incorporate hydrogen-specific provisions, such as safety

protocols for handling and transport, and creating a Hydrogen Regulatory Authority
under the Nigerian Upstream Petroleum Regulatory Commission (NUPRC) for
oversight.

iii.  Launch 2-3 Pilot Projects: Initiate demonstration initiatives to validate technologies
and build local expertise. Examples include the 20,000 tonnes per annum green
hydrogen facility in Lokoja, Kogi State, unveiled in March 2025 for fertilizer
production, and the APPL Hydrogen Limited (AHL)-Longi partnership for a
solar-powered electrolysis pilot. Additional pilots could focus on H2 refueling for
port logistics in Lagos and a 50 MW solar-hydrogen plant in Kano for grid stability,
targeting operational status by 2027 and emissions reductions of 0.1-0.5 MtCO.e
collectively. These projects should involve public-private partnerships with firms
like Dangote Industries and International collaborators.
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Secure $1-2 billion through diversified sources to cover pilot project CapEx and
feasibility studies. Leverage the Gas Monetization Fund, established under the
Petroleum Industry Act 2021, to allocate 10-20% of revenues toward hydrogen
blending and CCS pilots. Issue sovereign green bonds, building on the N50 billion
Series Il issuance in June 2025, which funded climate-resilient projects and could
expand to hydrogen under the Debt Management Office’s framework®. Tap
international climate finance via the Green Climate Fund (GCF), which has supported
Nigeria’s Inclusive Green Financing Initiative (IGREENFIN) with $100-200 million for
low-emission projects®, and bilateral aid from Germany. A dedicated Hydrogen
Activation Fund, seeded with $500 million from oil/gas royalties, could provide grants
and low-interest loans to de-risk early ventures.

With foundations in place, this phase emphasizes expansion, infrastructure upgrades,
and incentive mechanisms to achieve commercial-scale deployment. By 2036, Nigeria
aims to produce 2-4 million tonnes of green H, annually, abating 20-40 MtCO,e and
attracting $5-10 billion in private investments®'.

Actions:

i. Develop Hydrogen Hubs: Establish 3-5 integrated hubs in high-resource areas,
such as the North-West (Katsina and Sokoto) linked to solar independent Power
Producers (IPPs). For instance, the 2.6 GW solar module supply deal signed in
March 2025 for the Green Hydrogen Hub in Akwa Ibom’s Liberty Oil and Gas Free
Trade Zone could serve as a model, combining 1-2 GW solar capacity with 500
MW electrolyzers for ammonia export. Hubs should integrate with existing
infrastructure, like the Ajaokuta-Kaduna-Kano pipeline, and prioritize hybrid
solar-wind systems to achieve 60-70% capacity factors.

** Debt Management Office Nigeria. (2025). Green Bond Il Investor Presentation.
https://dmo.gov.ng/fgn-bonds/green-bond/5338-fgn-series-iii-green-bond-investor-presentation/file

8 https://www.greenclimate.fund/countries/nigeria

1 Anthony. (2025). Nigeria targets S50b green hydrogen export amid concerns. The Guardian Nigeria News - Nigeria
and World News. https://guardian.ng/energy/nigeria-targets-50b-green-hydrogen-export-amid-concerns/
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ii. Incentivize Private Investment: Introduce Contracts for Difference (CfDs) to
guarantee minimum revenues for hydrogen producers, modeled after UK and
German schemes, where the government covers the gap between market prices
and a strike price. Offer tax credits, extending the 2024 oil/gas incentives to
hydrogen projects, including accelerated depreciation for electrolyzers and R&D
deductions. PPPs could include off-take agreements with industries like Dangote
Fertilizer, ensuring demand stability.

ii. Begin Infrastructure Development: Retrofit the 5,000+ km gas pipeline network
for H, compatibility. Expand port facilities in Lagos and Port Harcourt for ammonia
bunkering, and develop dedicated H, storage sites near hubs, supported by
geospatial planning to minimize environmental impacts.

The mature phase positions Nigeria as a global hydrogen exporter, capitalizing on
scaled production to meet international demand and drive economic diversification. By
2050, exports could reach 2-3 million tonnes annually, generating $20-50 billion in
revenues and contributing to 50-70 MtCO,e abatements.

Actions

i. Scale Up for Export: Expand hubs to gigawatt-scale, targeting derivatives like
green ammonia for shipment via existing LNG terminals. Forge bilateral
agreements, such as with the EU under REPowerEU, to supply towards the bloc’s
10 million tonne renewable H2 import target by 2030, leveraging shorter routes.
Explore the Nigeria-Morocco Gas Pipeline adaptation for H2 transport to Europe.

ii. [Establish Nigeria as a Key Supplier to Europe: Develop export corridors,
including feasibility studies for subsea pipelines or ammonia carriers, and
participate in African-EU hydrogen partnerships, leveraging the Netherlands’

green hydrogen import chains with eight African nations®. Enhance certification to
meet EU standards, positioning Nigeria alongside Morocco and Namibia in
supplying 10-20% of Europe’s H2 needs by 2040.

iii. Sustain Momentum: Implement ongoing monitoring through a national hydrogen
dashboard, with adaptive policies for emerging technologies and workforce
training programs to upskill

) Actions: Scale up for export, establish Nigeria as a key hydrogen supplier
to Europe.
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Phase 1: Foundation Phase 2: Scaling Phase 3: Market
(2025-2027) (2028-2036) Leadership (by 2050)

Laying the Scaling Up Global Export
Groundwork Production Leadership

Focus on establishing a national Develop 3-5 integrated Position Nigeria as a key
strategy, creating a legal hydrogen hubs and attract supplier to Europe, targeting
framework, and launching 2-3 $5-10 billion to produce up to $20-50 billion in annual export
pilot projects to de-risk 4 million tonnes of green revenues.

investment. hydrogen annually.

6.0 Recommendations

The preceding analysis demonstrates that green hydrogen is not merely a
decarbonization tool but a transformative opportunity for Nigeria to achieve its NDC
targets, enhance energy resilience, and diversify its economy beyond oil. To unlock this
potential, the following actionable recommendations are proposed, Effective
implementation will require cross-ministerial coordination under the National Council of
Climate Change (NCC), with annual reporting to the Federal Executive Council (FEC)
and international partners.

1. Mandate the National Council on Climate Change (NCCC), co-chaired by the
Federal Ministry of Environment and the Ministry of Petroleum Resources, to
lead the development, finalization, and gazetting of a National Hydrogen
Strategy and Action Plan (NHSAP) by June 2026. This process should be driven
by a multi-stakeholder task force comprising representatives from government,
NNPC, private sector, academia, civil society, and development partners.

2. Establish a “Hydrogen Activation Fund (HAF)” with an initial capitalization of
US$1.5 billion for 2026-2028, led by the Ministry of Finance, Budget and
National Planning and managed by the Bank of Industry (BOI). The fund should
be structured as a public—private blended finance vehicle to de-risk investments
and accelerate early-stage hydrogen market development in Nigeria.

3. Mandate NNPC New Energy Ltd., in collaboration with Dangote Fertilizer and
LONGi Green Energy, to conduct a feasibility study and develop a 100 MW

2 The Ministry of Foreign Affairs. (2023). The African Strategy of the Netherlands 2023-2032.
https://www.government.nl/binaries/government/documenten/publications/2023/05/31/summary-the-africa-stra
tegy-of-the-netherlands-2023-2032/Summary+The+Africa+Strategy+of+the+Netherlands+2023-2032.pdf
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green hydrogen and ammonia pilot plant in Kano or Katsina, with operations
targeted for 2027. This project will serve as a proof of concept, demonstrating
commercial viability and building local technical capacity for large-scale
hydrogen production in Nigeria.

4. Direct the Standards Organisation of Nigeria (SON), in collaboration with the
Nigerian Upstream Petroleum Regulatory Commission (NUPRC) and the
National Council on Climate Change (NCCC), to develop and adopt national
standards and certification frameworks for green hydrogen by 2026. These
should align with international systems, including the EU Carbon Border
Adjustment Mechanism (CBAM) and Article 6 of the Paris Agreement.

5. Establish a National Hydrogen Skills Academy by 2026, in collaboration with
technical universities, polytechnics, research institutes, and industry partners, to
develop a skilled workforce for hydrogen production, infrastructure, and safety
management aligned with global best practices.

6. Prioritize the retrofitting of 1,000 kilometres of existing gas pipelines for 10-20%
hydrogen blending between 2028 and 2032, in partnership with NNPC Limited,
the Nigerian Gas Infrastructure Company (NGIC), and private sector operators,
to enable low-carbon fuel integration and enhance the resilience of Nigeria’s gas
transmission network.

7. Support the development of green hydrogen bunkering facilities at the Lagos
and Port Harcourt ports by 2030, led by the Nigerian Ports Authority (NPA) in
collaboration with NNPC New Energy Ltd., NIMASA, and private investors, to
enable the use of low-carbon fuels in maritime operations and advance Nigeria’s
position as a regional clean shipping hub.

8. Establish an Annual National Hydrogen Progress Report and online dashboard
from 2026, led by the National Council on Climate Change (NCCC), to track
investment flows, project milestones, and sectoral impacts, and to strengthen
transparency and accountability in Nigeria’s hydrogen transition.
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