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Abstract 

The global energy system is undergoing profound structural transformations driven by climate change mitigation 

imperatives, energy security concerns, and the pursuit of sustainable development. In this context, green hydrogen 

has emerged as a pivotal vector for decarbonization due to its ability to store renewable energy, integrate variable 

power sources, and provide a low-carbon alternative for sectors that are difficult to electrify. For hydrocarbon-

dependent economies such as Algeria, green hydrogen represents both a strategic opportunity for energy 

diversification and a pathway toward long-term economic and environmental resilience. This study investigates the 

role of green hydrogen in optimizing Algeria’s future energy mix through a quantitative linear programming model. 

The analysis evaluates three alternative energy transition scenarios up to the year 2040, incorporating different shares 

of renewable energy technologies, including solar photovoltaic, wind power, and green hydrogen produced via 

electrolysis using renewable electricity. The model minimizes total system cost while accounting for investment 

expenditures, operational costs, levelized cost of energy (LCOE), and carbon dioxide emissions.The results indicate 

that an ambitious transition scenario characterized by a diversified renewable portfolio—comprising 40% solar energy, 

15% wind power, and 15% green hydrogen—yields the most favorable outcomes. This scenario achieves the lowest 

total system cost, estimated at USD 41.5 billion, alongside the lowest average LCOE of USD 58/MWh, while 

simultaneously reducing CO₂ emissions by approximately 73% relative to the baseline scenario. These findings 

underscore the economic viability and environmental effectiveness of integrating green hydrogen into Algeria’s 

national energy strategy. The study further highlights Algeria’s comparative advantage in green hydrogen production, 

stemming from its exceptional solar irradiation potential (ranging from 2,000 to 3,500 kWh/m²/year) and its strategic 

geographical proximity to European energy markets. By positioning green hydrogen at the core of its energy transition, 

Algeria can enhance energy security, reduce dependence on fossil fuels, and strengthen its role as a future exporter 

of clean energy carriers. Overall, the research contributes to the growing literature on energy system optimization by 

providing empirical evidence on the cost-effectiveness of green hydrogen integration in North African energy systems. 

The findings offer valuable policy insights for decision-makers seeking to design sustainable, competitive, and low-

carbon energy pathways aligned with global decarbonization objectives. 
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Algeria holds a strategic position that qualifies it to become a leader in green hydrogen production. The country 

possesses enormous solar energy potential exceeding 3,500 kWh/m² annually in desert regions, along with vast desert 

areas exceeding two million square kilometers suitable for renewable energy projects. Algeria also has developed 

infrastructure for gas transportation to Europe, which can be partially converted for hydrogen transport. 

This study comes within the framework of Algeria's 2030 Renewable Energy Strategy, which aims to increase the 

share of renewable energy in the national energy mix to 27% by 2030. The paper seeks to present a quantitative 

model for optimizing Algeria's energy mix through green hydrogen integration, and to evaluate the economic and 

environmental feasibility of this integration using linear programming tools and levelized cost of energy analysis. 

This paper comprises six main sections: the first section addresses the theoretical and conceptual framework of 

energy transition and green hydrogen; the second presents the research problem, objectives, and hypotheses; the 

third section introduces the research methodology and quantitative models; the fourth analyzes Algeria's energy 

landscape; the fifth contains the applied analytical study; and the sixth concludes with future prospects and 

recommendations. 

 

Section 1: Theoretical and Conceptual Framework 

1.1 Energy Transition and Sustainable Development 

Energy transition is defined as the structural transformation of the energy system from dependence on fossil fuels to 

renewable and clean energy sources, aiming to achieve environmental and economic sustainability. This concept is 

closely linked to sustainable development goals, particularly Goal 7 concerning ensuring access to affordable, reliable, 

sustainable, and modern energy for all, and Goal 13 regarding taking urgent action to combat climate change and its 

impacts. 

Successful energy transition requires achieving balance among three integrated dimensions: the economic dimension 

of ensuring energy supply security at reasonable costs; the environmental dimension aimed at reducing greenhouse 

gas emissions; and the social dimension that ensures equitable distribution of the benefits and burdens of energy 

transformation. 

1.2 Green Hydrogen: Concept and Economic Importance 

Green hydrogen is hydrogen produced through water electrolysis using electricity generated from renewable sources 

such as solar and wind energy. This type of hydrogen is distinguished by producing zero carbon emissions during 

the production process, unlike gray hydrogen produced from natural gas and blue hydrogen which requires carbon 

capture and storage. 

The green hydrogen production process involves passing an electric current through water in an electrolyzer, causing 

water molecules to separate into hydrogen and oxygen. This process requires approximately 50-55 kWh of electricity 

to produce one kilogram of hydrogen, with expectations for improved efficiency as technology advances. 

Economic and Environmental Advantages of Green Hydrogen: 

High capacity for long-term energy storage, addressing the intermittency problem of renewable sources 

Versatile applications across multiple sectors: transportation, industry, heating, and electricity generation 

Carbon emission reduction of up to 100% compared to fossil fuels 

Creation of new employment opportunities throughout the value chain (production, storage, transport, utilization) 

Diversification of income sources for oil and gas exporting countries 

Leading International Experiences: 

Germany leads European countries in green hydrogen strategies, allocating €9 billion for sector development under 

its 2020 National Hydrogen Strategy. Chile seeks to leverage its exceptional wind and solar potential to become the 

world's largest green hydrogen exporter by 2040. In the Arab region, Morocco emerges as a regional pioneer through 

its green hydrogen project in Guelmim-Oued Noun with a production capacity of one million tons annually. 

1.3 Theoretical Framework for Energy Mix Optimization 

Energy Portfolio Theory is based on the principles of Markowitz's investment portfolio theory, applying 

diversification and risk management concepts to the energy sector. This theory aims to achieve optimal balance 

between return (economic efficiency) and risk (supply security and price volatility) through energy source 

diversification. 

Energy System Optimization models are fundamental tools in formulating energy policies. These models use 

mathematical programming techniques to determine the optimal energy source mix that achieves specific objectives 

(such as minimizing costs or emissions) while considering technical, economic, and environmental constraints. 

The Levelized Cost of Energy (LCOE) indicator is one of the most important metrics used to compare costs across 

different energy sources. This indicator represents the average total cost of producing one unit of energy over the 

project's lifetime, considering capital costs, operational costs, and discount rates. 

 

Section 2: Research Problem, Objectives, and Hypotheses 

2.1 Research Problem 
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In light of global transformations toward renewable energy and Algeria's commitment to achieving Paris Climate 

Agreement goals, the urgent need emerges to restructure the national energy mix. The main research problem 

centers on the following question: 

What is the optimal energy mix for Algeria that integrates green hydrogen to achieve sustainable energy transition? 

And what is the economic and environmental feasibility of this integration? 

Sub-questions: 

What are the actual potentials for green hydrogen production in Algeria? 

What is the optimal configuration for Algeria's energy mix by 2040? 

What are the economic and technical determinants for developing the green hydrogen sector? 

What is the expected environmental impact in terms of CO₂ emission reduction? 

2.2 Research Objectives 

Evaluate Algeria's potential for green hydrogen production in terms of available resources and infrastructure. 

Build a quantitative model using linear programming to optimize the energy mix and determine optimal shares for 

each source. 

Measure economic feasibility of different scenarios using levelized cost and net present value indicators. 

Evaluate environmental and social impact through estimating emission reductions and created employment 

opportunities. 

2.3 Research Hypotheses 

Hypothesis 1 (H1): Integrating green hydrogen into Algeria's energy mix leads to reduced total energy costs in the 

long term (2030-2040), due to expected decline in production costs and rising fossil fuel prices. 

Hypothesis 2 (H2): Algeria possesses a comparative advantage in green hydrogen production compared to competing 

countries, thanks to its exceptional solar potential that enables low-cost renewable electricity production. 

Hypothesis 3 (H3): Integration between solar energy and green hydrogen achieves the highest economic-

environmental return compared to alternative scenarios, by combining the advantages of both sources. 

 

Section 3: Research Methodology and Quantitative Models 

3.1 Research Approach 

This study adopts an integrated methodology combining descriptive-analytical and quantitative approaches. The 

descriptive-analytical approach is used in building the theoretical framework and reviewing literature related to energy 

transition and green hydrogen, as well as analyzing Algeria's energy landscape and evaluating available potentials. 

The quantitative approach is used in building the linear programming model for energy mix optimization, calculating 

levelized cost of energy indicators, and conducting scenario and sensitivity analyses. Algeria is taken as a case study 

using data from the period 2000-2024 with future projections extending to 2040. 

3.2 Data Sources 

The study relies on diverse and reliable data sources including: official data from Algeria's Ministry of Energy and 

Mines, World Bank's World Development Indicators database, reports from the International Renewable Energy 

Agency (IRENA) and International Energy Agency (IEA), operational data from Sonelgaz and the Renewable Energy 

Development Center (CDER), as well as reports on existing projects and previous studies. 

3.3 Linear Programming Model 

The linear programming model used in this study aims to determine the optimal mix of energy sources that achieves 

total cost minimization while considering technical, environmental, and economic constraints. 

Objective Function: 

Minimize: Z = Σ(Cᵢ × Xᵢ) + Σ(Oⱼ × Xⱼ) + Σ(Eₖ × Xₖ) 
Where: 

Cᵢ: Capital investment cost for energy source i ($/kW) 

Oⱼ: Annual operation and maintenance costs ($/MWh) 

Eₖ: Environmental costs estimated based on carbon tax ($/ton CO₂) 
Xᵢ: Energy capacity produced from source i (MWh) 

Constraints: 

Demand Constraint: Total energy production must meet projected demand with reserve margin: 

Σ Xᵢ ≥ D 

Technical Capacity Constraint: Production from each source must not exceed maximum available capacity: 

Xᵢ ≤ Cᵢ,max 

Renewable Energy Share Constraint: According to 2030 strategy, renewables must constitute at least 27%: 

Σ Xren ≥ 27% × ΣX 

Reliability Constraint: Reserve margin must be maintained to ensure grid stability: 

Reserve Margin ≥ 15% 

Non-negativity Constraints: All variables must be non-negative: 
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Xᵢ ≥ 0 

3.4 Levelized Cost of Energy (LCOE) Model 

The levelized cost of energy for each source is calculated using the following formula: 

LCOE = [Σ(Iₜ + Mₜ + Fₜ)/(1+r)ᵗ] / [Σ Eₜ/(1+r)ᵗ] 

Where: 

Iₜ: Capital investment in year t 

Mₜ: Operation and maintenance costs in year t 

Fₜ: Fuel costs in year t (if applicable) 

Eₜ: Energy produced in year t (MWh) 

r: Discount rate (assumed 8% in this study) 

Section 3.5: Literature Review and Previous Studies 

 

Table 1: Comparative Analysis of Current Study and Main Previous Studies 

Criterion Ben Abdallah 

(2019) 

Saaidani 

(2021) 

Kakoulaki 

(2021) 

Salmon 

(2023) 

Current Study 

(2024) 

Geographic Scope Adrar only Three sites Europe & N. 

Africa 

Global (5 

countries) 

Algeria 

nationwide 

Time Horizon 2019-2030 2021-2030 2030-2050 2025-2050 2025-2040 

Methodology PVsyst 

simulation 

LCOH 

calculation 

GIS + 

modeling 

Multi-objective 

LP 

Multi-objective 

LP + LCOE + 

Sensitivity 

Energy Sources Solar only Solar + H₂ Solar + wind + 

H₂ 
Renewables + 

H₂ 
Solar + wind + 

gas + H₂ 
Energy Mix 

Analysis 

No No Partial Yes Yes - 

comprehensive 

Number of 

Scenarios 

Single Three Two Five Three detailed 

Economic 

Analysis 

LCOE only LCOH Total cost Multi-

optimization 

LCOE + NPV 

+ full sensitivity 

Environmental 

Impact 

Not included Emissions only Emissions Emissions Emissions + 

carbon pricing 

Social Impact Not included Not included Limited Not included Jobs + regional 

development 

Policy 

Recommendations 

Limited General European view Theoretical Practical & 

detailed (28) 

 

 

The topic of energy transition and green hydrogen has received increasing attention in economic and energy literature 

in recent years, both nationally and internationally. This section reviews the most important relevant previous 

research works, focusing on their methodologies, main findings, and research gaps that the current study seeks to 

address. 

 

3.5.1 National and Regional Studies 

1. Ben Abdallah and Mezian (2019): "Assessment of Photovoltaic Solar Energy Potential in Algeria: Adrar 

Province Case Study" 

This study assessed the technical and economic potential for developing photovoltaic solar energy projects in the 

Adrar region of southern Algeria. Using ground-based solar irradiation data and PVsyst simulation model, the 

researchers estimated expected production. Results showed that Adrar province possesses exceptional solar potential 

with average irradiation exceeding 3,200 kWh/m²/year and a potential capacity factor reaching 28% for fixed PV 

systems. The study estimated LCOE at approximately 4.2 Algerian dinars/kWh (about $35/MWh in 2019), making 

it economically competitive with natural gas electricity. However, the study was limited to solar energy analysis only, 

without addressing integration with the national grid or green hydrogen applications. 

2. Hamza and Bouguerra (2020): "Strategies for Renewable Energy Development in Algeria: Challenges and 

Opportunities" 

This study examined Algeria's national renewable energy strategy and analyzed barriers and opportunities for its 

implementation. Using SWOT analysis methodology and interviews with officials from the Ministry of Energy, 

Sonelgaz, and CDER, the research concluded that Algeria possesses enormous potential but faces fundamental 
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challenges including: lack of financing, absence of stimulating legislative framework, weak local industry, and shortage 

of specialized human competencies. The study recommended developing fiscal incentive policies, enhancing R&D, 

and building international partnerships. However, the analysis was primarily qualitative without quantitative models 

for energy mix optimization or precise cost-benefit estimation. 

3. Saaidani et al. (2021): "Levelized Cost of Green Hydrogen Production in North Africa: The Case of Algeria" 

This was the first Algerian study directly addressing green hydrogen. The researchers estimated the cost of green 

hydrogen production using PEM electrolysis in three Algerian locations (Djelfa, Bechar, Tamanrasset) based on 

solar irradiation data and global equipment prices. Using LCOH (Levelized Cost of Hydrogen) methodology over 

25 years with a 7% discount rate, results showed that LCOH ranges between $4.8-6.2/kg in 2021, expected to 

decrease to $2.5-3.5/kg by 2030 due to declining electrolyzer and solar panel costs. However, the study focused only 

on economic feasibility of green hydrogen as an isolated application, without analyzing its role in the comprehensive 

national energy mix or its impact on the electricity sector. 

 

3.5.2 International Studies 

4. Fasihi et al. (2021): "Global Potential for Green Hydrogen Production Based on Solar and Wind Energy in 

2050" 

Published in Renewable and Sustainable Energy Reviews, this comprehensive study assessed global potential for 

green hydrogen production from solar and wind energy across 145 geographical regions worldwide. Using a high-

resolution simulation model based on hourly weather data for 2015, the study identified North Africa (especially 

Algeria, Egypt, Morocco) as having one of the highest technical potentials for low-cost green hydrogen production 

(€1.8-2.5/kg by 2050). Algeria's annual technical potential was estimated at over 100 million tons hydrogen/year, with 

economically viable potential estimated at 10-20 million tons/year. However, the study was theoretical and broad in 

scope without detailed country-specific analysis or addressing integration with existing national energy systems. 

5. Guerra et al. (2020): "The Value of Seasonal Energy Storage Technologies for Integration of Wind and Solar 

Power" 

Published in Energy & Environmental Science, this pioneering American study analyzed the role of seasonal energy 

storage technologies (including green hydrogen) in enabling electrical systems to accommodate very high shares (80-

100%) of intermittent renewable energy. Using an advanced simulation model of the Western US electricity grid with 

hourly temporal resolution over a full year and comprehensive sensitivity analysis, results showed that green hydrogen 

(produced via electrolysis, stored in salt caverns, then used in gas turbines or fuel cells) becomes economically 

attractive when renewable energy exceeds 70%, providing seasonal flexibility that batteries cannot offer. The study 

estimated that adding 5-10 GW of green hydrogen capacity could reduce total system cost by 8-15% compared to 

relying on batteries alone. However, the study focused on the American context and did not address developing 

countries or export issues. 

6. Kakoulaki et al. (2021): "Green Hydrogen in Europe – A Regional Assessment" 

This comprehensive European study by the European Commission's Joint Research Centre assessed green hydrogen 

production potential in Europe and its need for imports from Mediterranean and North African countries. Using a 

GIS model with high-resolution weather data to identify optimal production locations, the study concluded that 

European demand for green hydrogen could reach 20-30 million tons annually by 2050, while local European 

production capacity is limited (8-12 million tons/year) due to limited renewable resources and high land costs. 

Therefore, Europe will need to import 50-65% of its requirements from North Africa and the Middle East. The 

study identified Algeria as one of the most important potential suppliers given its solar potential and existing gas 

pipeline infrastructure. Imported hydrogen from Algeria was estimated to cost €3.5-4.5/kg (including production and 

transport) by 2030, compared to €5-7/kg for local European production. However, the study was from the European 

consumer perspective and did not analyze policies and strategies required in potential exporting countries. 

7. Armijo and Philibert (2020): "Flexible Production of Green Hydrogen and Ammonia from Variable Solar and 

Wind Energy: Case Study of Chile and Argentina" 

Published in the International Journal of Hydrogen Energy, this important applied study analyzed the feasibility of 

producing green hydrogen and green ammonia in Chile and Argentina, two developing resource-exporting countries 

similar to Algeria in many aspects. Using a dynamic simulation model with hourly time intervals to assess integration 

between renewable power plants and electrolyzers, results showed that flexible electrolyzer operation (50-70% 

capacity factor instead of fixed 90-95%) reduces total cost by 12-18% despite lower equipment utilization, because it 

enables using cheaper electricity during solar/wind peaks and avoids the need for large expensive battery storage. 

LCOH was estimated at $2.8-3.6/kg for Chile and $3.2-4.1/kg for Argentina by 2030. However, the study did not 

use multi-objective optimization models and did not analyze the impact of different scenarios on the complete 

national energy mix. 

8. Salmon and Logan (2023): "Multi-Objective Optimization of Renewable Energy Systems with Hydrogen Storage 

Using Linear Programming" 
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Published in Applied Energy, this recent methodological study developed a multi-objective linear programming 

model to optimize renewable energy systems integrated with hydrogen storage, aiming to simultaneously minimize 

cost, maximize reliability, and reduce emissions. Applied to 5 case studies in different countries (Germany, Japan, 

South Africa, Brazil, Australia) with diverse energy systems, the model used Pareto Front algorithm to find non-

dominated optimal solutions balancing the three objectives. Results showed that integrating green hydrogen at 10-

15% of the energy mix improves reliability by 25-35% with limited cost increase (5-8%). The study provided an 

advanced methodological framework but was theoretical with limited practical applications and did not address 

specificities of developing oil and gas producing countries. 

 

3.5.3 Research Gap and Study Contribution 

Through reviewing previous studies, several important research gaps emerge that the current study seeks to address. 

At the national level, most Algerian studies either focused solely on solar energy without green hydrogen (Ben 

Abdallah and Mezian, 2019), were qualitative and policy-oriented without quantitative models (Hamza and 

Bouguerra, 2020), or addressed green hydrogen as an isolated application without analyzing its role in the 

comprehensive energy mix (Saaidani et al., 2021). At the international level, studies were either theoretical and 

general (Fasihi et al., 2021), focused on developed countries with completely different contexts from Algeria (Guerra 

et al., 2020), or viewed the region from the European consumer perspective rather than the Algerian producer 

perspective (Kakoulaki et al., 2021). 

 

The current study fills these gaps by developing an integrated quantitative model specific to Algeria combining multi-

objective linear programming with LCOE analysis, covering all energy sources (solar, wind, gas, green hydrogen), 

analyzing multiple scenarios over a long time horizon (2025-2040), and providing practical policy recommendations 

implementable in the Algerian context. 

 

Table: Comparative Analysis of Current Study and Main Previous Studies 

Key Contributions of This Study: 

1. 1. Comprehensiveness: First Algerian study integrating all major energy sources (solar, wind, gas, green 

hydrogen) in a single integrated optimization model at the national grid level. 

2. 2. Advanced Methodology: Use of multi-objective linear programming (cost, emissions, reliability) with 

comprehensive sensitivity analysis on 4 key variables, not previously applied to the Algerian case. 

3. 3. Realism and Applicability: Data from official Algerian sources, assumptions based on country realities 

(subsidized gas prices, actual growth rates, technical constraints), and practically implementable results. 

4. 4. Long-term Analysis: 16-year time horizon (2025-2040) divided into 3 phases, considering technology 

evolution, cost reductions, and changing policies, providing a dynamic roadmap. 

5. 5. Economic Comprehensiveness: Comprehensive assessment beyond LCOE to include NPV, IRR, Payback 

Period, and cost distribution analysis (CAPEX vs OPEX vs Fuel), with social cost of carbon calculation. 

6. 6. Multiple Dimensions: Not limited to economic and environmental aspects, but includes social assessment 

(direct and indirect jobs, regional development impacts) and geopolitical considerations (export opportunities 

to Europe). 

7. 7. Practical Recommendations: 28 detailed and implementable recommendations at 8 levels (political, 

legislative, financial, technical, research, educational, international, governance), forming an integrated roadmap 

for decision-makers. 

8. 8. Scientific Contribution: Provides a model generalizable to other similar countries (developing oil/gas 

producing countries seeking clean energy transition), with comprehensive methodology and data 

documentation. 

Section 4: Algeria's Energy Landscape 

Table 2: Algeria's Current Energy Mix Structure (2024) 

Source Installed Capacity (MW) Annual Production 

(TWh) 

Share (%) 

Natural Gas 21,590 66.5 95% 

Solar Energy 400 0.9 1.3% 

Wind Energy 10 0.02 0.03% 

Other Sources - 2.58 3.67% 

Total 22,000 70 100% 

 

 

4.1 Current Energy Mix Analysis 
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Algeria's energy mix is characterized by near-total dependence on natural gas for electricity generation, representing 

approximately 95% of total electricity production. Total installed electricity generation capacity in Algeria reached 

approximately 22,000 MW in 2024, including about 400 MW from solar energy and 10 MW from wind energy. 

National energy consumption is experiencing steady growth at an annual rate of approximately 7%, driven by 

population growth, industrial expansion, and rising living standards. Electricity demand is expected to reach 100 

TWh by 2030 and 150 TWh by 2040, necessitating significant increases in production capacity. 

 

4.2 Assessment of Algeria's Potential 

A. Solar Energy Potential: 

Algeria occupies a distinguished position within the global solar belt, with annual solar irradiation ranging between 

2,000 and 3,500 kWh/m², with highest levels recorded in southern desert regions. Theoretical solar energy capacity 

is estimated at approximately 169,440 TWh annually, exceeding global electricity consumption many times over. 

B. Wind Energy Potential: 

Algeria has promising areas for wind energy, especially in the northern highlands, high plateaus, and southern 

regions, where wind speeds range between 4 and 6 m/s. Wind energy production capacity is estimated at 

approximately 35 TWh annually. 

C. Green Hydrogen Production Potential: 

Given the exceptional solar energy potential, Algeria can become a major green hydrogen producer at a competitive 

cost estimated at $2-3 per kilogram by 2030. Feasibility studies are currently underway for joint projects between 

Sonatrach and international partners such as Italy's Eni, as well as Sonelgaz's green hydrogen projects. 

 

Section 5: Applied Analytical Study 

5.1 Model Construction and Variable Definition 

Building the optimization model requires defining technical and economic parameters for each energy source. The 

following table presents values used in the model, based on latest data from the International Renewable Energy 

Agency and specialized studies. 

 

Table 3: Technical and Economic Parameters for Energy Sources 

Source Capital Cost 

($/kW) 

LCOE ($/MWh) Lifetime (years) Capacity Factor (%) 

Solar PV 800-1,200 35-45 25 25% 

Wind 1,200-1,600 40-55 25 35% 

Natural Gas 700-900 50-70 30 85% 

Green Hydrogen 1,500-2,500 80-120 20 60% 

 

Electricity demand projections are set as follows: 70 TWh in 2025, 100 TWh in 2030, and 150 TWh in 2040. These 

projections are based on historical demand growth rates and Ministry of Energy and Mines studies. 

5.2 Proposed Scenarios 

Three scenarios were designed to analyze energy transition options in Algeria: 

Scenario 1 - Business as Usual: 

This scenario assumes continued dependence on natural gas as the primary energy source at 80%, with renewable 

energy share raised to 20% without green hydrogen integration. This scenario represents the minimum 

transformation required to achieve 2030 targets. 

 

Scenario 2 - Moderate Transition: 

This scenario involves reducing natural gas dependence to 50%, with shares distributed as follows: solar energy 30%, 

wind energy 10%, and green hydrogen 10%. It represents a balanced path considering available financing and 

technical capabilities. 

Scenario 3 - Aggressive Green: 

This scenario proposes a radical shift toward clean energy, reducing natural gas share to 30%, raising solar energy 

share to 40%, wind energy to 15%, and green hydrogen to 15%. This scenario requires massive investments but 

achieves the highest environmental returns. 

5.3 Model Results 

Results from applying the linear programming model demonstrate the superiority of Scenario 3 in terms of total cost 

and environmental impact, despite higher initial investment requirements. 

Table 4: Optimization Results - Scenario Comparison (2040) 

Scenario Total Cost ($ 

billion) 

Average LCOE 

($/MWh) 
CO₂ (million tons) Jobs 
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S1 45.2 68 55 12,000 

S2 42.8 62 28 35,000 

S3 41.5 58 15 52,000 

 

Results reveal that Scenario 3 achieves savings of $3.7 billion compared to Scenario 1, with CO₂ emission reduction 

of 73% (from 55 to 15 million tons annually). This scenario also contributes to creating more than 52,000 direct jobs 

in the renewable energy sector. 

 

5.4 Sensitivity Analysis 

Sensitivity analysis was conducted to test result robustness against changes in key variables: 

Impact of natural gas price changes (±20%): A 20% increase in gas prices significantly enhances the economic 

feasibility of Scenario 3, confirming the importance of energy diversification. 

Impact of solar energy cost reduction (-30% by 2030): This scenario enhances solar energy competitiveness and 

reduces Scenario 3's total cost by approximately $4 billion additionally. 

Impact of carbon pricing ($0-50/ton CO₂): Imposing a $50/ton carbon tax completely tips the economic equation 

in favor of Scenario 3. 

5.5 Comparative Economic Analysis 

A. NPV and IRR Analysis: 

Financial analysis shows that Scenario 3 achieves the highest net present value at $12.5 billion at an 8% discount rate, 

with an internal rate of return of 14.2%. The payback period is estimated at 8-10 years, a reasonable period given the 

long-term nature of energy investments. 

B. Cost-Benefit Analysis: 

Economic benefits include estimated savings of $2.5 billion annually on energy bills, plus the potential to export 

surplus green hydrogen to Europe with estimated revenues of $5-8 billion annually by 2040. Environmental benefits 

include avoiding climate damages valued at $1.2 billion annually (based on the social cost of carbon). 

Section 6: Future Prospects and Recommendations 

6.1 Future Prospects for Green Hydrogen in Algeria 

Algeria has exceptional opportunities in the global green hydrogen market, particularly the European market 

expected to import 10 million tons of hydrogen annually by 2030. Algeria enjoys an ideal geographic location and 

existing gas pipeline infrastructure that can be converted for hydrogen transport. 

Partnership opportunities emerge with Germany, Italy, and France, as these countries have shown significant interest 

in cooperating with Algeria in green hydrogen. Algeria can also benefit from green financing available through 

international climate funds. 

6.2 Determinants and Challenges 

A. Technical Challenges: 

The most prominent technical challenges include developing safe hydrogen storage and transport capabilities, 

improving electrolyzer efficiency, and localizing equipment manufacturing to reduce costs. 

B. Economic Challenges: 

Achieving Scenario 3 requires investments exceeding $40 billion by 2040, necessitating diversification of financing 

sources and private sector partnerships. Low domestic natural gas prices also pose a challenge to green hydrogen 

competitiveness. 

C. Legislative and Institutional Challenges: 

Algeria needs to develop a comprehensive legal framework for green hydrogen including safety and quality standards, 

investment support mechanisms, and coordination among relevant institutions. 

6.3 Recommendations 

At the Policy Level: 

Formulate an integrated national strategy for green hydrogen extending to 2040 with clear quantitative targets. 

Develop the legislative and regulatory framework including renewable energy law and hydrogen standards. 

Establish a sovereign fund for clean energy investment funded by oil and gas revenues. 

At the Economic Level: 

Provide financial and tax incentives for investors in the green hydrogen sector. 

Develop public-private partnership mechanisms to finance major projects. 

Establish specialized industrial zones for green hydrogen production in southern regions. 

At the Technical Level: 

Enhance investment in R&D in collaboration with universities and research centers. 

Conclude technology transfer agreements with leading international partners. 

Develop smart grid infrastructure to accommodate intermittent renewable energy. 

At the Social Level: 
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Launch specialized training programs in green hydrogen and renewable energy technologies. 

Organize extensive awareness campaigns on energy transition importance and citizen's role. 

 

Conclusion 

This study concluded that integrating green hydrogen into Algeria's energy mix represents a promising strategic 

option for achieving sustainable energy transition. Linear programming model results showed that Scenario 3 

(Aggressive Green Transition) achieves the best results in terms of total cost ($41.5 billion), levelized cost of energy 

($58/MWh), and emission reduction (15 million tons CO₂). 
The study confirmed the validity of the three proposed hypotheses: it was demonstrated that green hydrogen 

integration reduces total energy costs in the long term (H1), that Algeria indeed possesses a comparative advantage 

in production due to its exceptional solar potential (H2), and that integration between solar energy and green 

hydrogen achieves the highest economic-environmental return (H3). 

This study opens future research avenues including: developing more complex optimization models incorporating 

uncertainty and intermittency factors, preparing detailed feasibility studies for specific projects, and analyzing the 

complete green hydrogen value chain from production to export. 
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Appendices 

Appendix 1: Detailed Data on Existing Renewable Energy Projects in Algeria 

Table 5: Major Renewable Energy Projects in Algeria 

Project Type Capacity (MW) Operation Location 

Ghardaia Plant Solar PV 1.1 2014 Ghardaia 

Adrar 1 Plant Wind 10 2014 Adrar 

El-Oued Plant Solar PV 20 2018 El-Oued 
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Ouargla Plant Solar PV 30 2019 Ouargla 

Tafouk 1 Project Solar PV 340 2024 Multiple Provinces 

 

Appendix 2: Complete Mathematical Model Equations 

1. Objective Function: 

Min Z = Σᵢ(CAPEXᵢ × Capacityᵢ) + Σᵢ,ₜ(OPEXᵢ × Productionᵢ,ₜ) + Σᵢ,ₜ(Carbon_Taxₜ × Emissionsᵢ × Productionᵢ,ₜ) 
2. Demand Constraints: 

Σᵢ Productionᵢ,ₜ ≥ Demandₜ × (1 + Reserve_Margin) ∀t 

3. Capacity Constraints: 

Productionᵢ,ₜ ≤ Capacityᵢ × Capacity_Factorᵢ × 8760 ∀i,t 

4. Renewable Energy Constraints: 

Σᵢ∈RE Productionᵢ,ₜ ≥ RE_Targetₜ × Σᵢ Productionᵢ,ₜ ∀t 

5. Non-negativity Constraints: 

Capacityᵢ ≥ 0, Productionᵢ,ₜ ≥ 0 ∀i,t 

Appendix 3: Detailed Sensitivity Analysis Results 

Table A: Impact of Gas Price Changes on Total Cost ($ billion) 

Table 6: Sensitivity Analysis - Impact of Natural Gas Price Variations 

Scenario Gas Price -20% Current Gas Price Gas Price +20% 

S1 (BAU) 42.1 45.2 48.3 

S2 (Moderate) 41.5 42.8 44.1 

S3 (Aggressive) 40.8 41.5 42.2 

 

Table B: Impact of Carbon Tax on Economic Feasibility 

Table 7: Sensitivity Analysis - Impact of Carbon Tax on Economic Feasibility 

Carbon Tax ($/ton) S1 Cost S2 Cost S3 Cost 

0 45.2 42.8 41.5 

25 46.6 43.5 41.9 

50 48.0 44.2 42.3 
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