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a b s t r a c t

Hydrogen production from renewable energies is a key part in the energy transition to

realize a sustainable energy economy for both developed and developing nations. For

Algeria, successful energy transition toward a hydrogen economy will require the estab-

lishment of its potential. This study was conducted to estimate the potential for producing

hydrogen from renewable resources in Algeria. The renewable energies considered are:

solar photovoltaic and wind. To accomplish this objective, first, we analyzed renewable

resource data both statistically and graphically using Geographical Information System

(GIS), a computer-based information system utilized to create and visualize the spatial

distribution of the geographic information. Then, the study will evaluate the availability of

renewable electricity production potential from these key renewable resources. The po-

tential for the hydrogen production, via the electrolysis process with wind and solar

photovoltaic electricity, is described with maps showing it per unit area in each region.

Finally, the results of the estimated hydrogen potential from both resources for each region

are compared and significant conclusions are drawn.

© 2016 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

The increasing dependency on fossil fuel for meeting the

growing energy demands across the world has become a

weakness in national economies. This is not only due to the

finite reserves, but also due to their environmental impacts.

Renewable hydrogen is a promising energy carrier for the

future energy supply, its benefits as an environmentally

friendly, versatile, and efficient fuel. Hydrogen may be pro-

duced from renewable energy sources through a variety of

pathways and methods [1,2]. Attention around the world has

focused on the promise hydrogen economy. In order to study

the feasibility of the transition towards a hydrogen economy,

as a major step we must evaluate, and estimate the potential

of renewable hydrogen for each country. Geographical Infor-

mation System (GIS) technology plays a crucial role in the

potential analyses; it allows us to managing, analyzing, and

displaying the spatial distribution of all forms of geographi-

cally referenced information.
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A number of studies in the literature have been widely

discussed in the estimation of hydrogen production potential

from key renewable resources using GIS in many countries in

the world, which can be divided into two categories: regional

and/or national scale. For regional scale, Dagdougui et al. [3]

analyzed the hydrogen production potential by the electrol-

ysis process in Liguria region at the north of Italy to regard the

selection of locationswith high hydrogen production based on

the use of solar andwind energy sources. Sigal and co-workers

[4] studied the natural resource and economic feasibility of the

production and delivery of wind hydrogen in the province of

Cordoba in central Argentina. Also, Esteves et al. [5] assessed

the potential of hydrogen production in the state of Cear�a,

Brazil for the ammonia production purposes, via the Haber-

Bosch process with electrolytic wind and solar photovoltaic

hydrogen.

The largest number of studies are at national scale. In the

United States, the assessment of hydrogen production from

wind, solar, biomass, nuclear and hydropower is conducted by

the National Renewable Energy Laboratory (NREL) [6e9]. Two

studies by Posso have demonstrated the estimation of elec-

trolytic hydrogen production potential from renewable en-

ergies in Venezuela [10] and Ecuador [11]. In Venezuela

country, the electrolytic hydrogen potential has been evalu-

ated based on solar photovoltaic, wind and mini hydro en-

ergies, though, in Ecuador the renewable energies considered

were solar photovoltaic, wind, geothermal and hydropower.

The potential for hydrogen production from three major

renewable resources (wind energy, solar energy and biomass)

in Argentina was analyzed by Sigal et al. [12].

Algeria with an economy fully dependent on hydrocarbon

incomes is not an exception to the rule and is also concerned

about energy substitution even with many underestimated

and unexplored energy resources. In the medium term, the

development of the above mentioned vision, i.e. combination

of renewable and hydrogenwill obey to an economic necessity

rather than to policy considerations. The decentralized nature

of renewable makes them economically viable for the devel-

opment of a territory composed essentially of more than 85%

of arid zones and low population density. Moreover, Algeria

has to face many challenges on medium and long terms. The

first one, is on a national level, and comes from a constant

increase in energy demand issued from a high population

growth. The second one, is on an international level, and is

basically linked to energy export and a safe, security supply of

the Mediterranean region [13]. The energy transition from

traditional fossil fuel based economy towards a sustainable

hydrogen economy by estimating the renewable hydrogen

amount has the potential to solve all major energy challenges

that confront Algeria today; reducing dependence on oil and

gas sector, reducing greenhouse gas emissions and meeting

its policy goals. The hydrogen could play an increasingly

important role in Algeria's energy future by its use both; as an

energy carrier or major transportation fuel [14].

In a previous research the potential for producing

hydrogen was analyzed from geothermal resources in Algeria

[15]. In this work, the area of analysis is extended to explore

two other main renewable energy resources in the country:

solar and wind. The main objective of this study is to assess

and provide a comprehensive picture of hydrogen production

potential by water electrolysis process using solar and wind

energies in Algeria. To accomplish this, we briefly describe the

energetic situation in Algeria, including an analysis of the

water and renewable energy resources. Then we present the

followed method to investigate the wind speed and solar

irradiation in Algeria. GIS tool, more specifically, an ArcGIS

Spatial Analyst is used to produce maps of wind and solar

energy. Therefore the electrical potential is calculated and

presented after the introduction of the meteorological results

in the photovoltaic and wind turbine models. The potential of

hydrogen production by solar and wind energy is analyzed

both statistically and graphically using GIS, where the aim is

to highlight suitable regions that have high annual hydrogen

production from solar and wind energies. Finally, a compar-

ative study between solar and wind hydrogen production

potential is presented.

The Algerian energetic context

Renewable energy projects

Algeria's energy mix is almost exclusively based on hydro-

carbons, mainly NG (93%). The small share of renewable en-

ergy is currently dominated by hydropower. The oil and gas

alone provide more than a third of Gross Domestic Product

(GDP) (36% in 2013), 70% of government revenue and 97% of

exports [16]. The heavy dependence of the economy on the oil

and gas sector is a potential source of vulnerability for the

Algerian economy and points to the need to revamp the pol-

icies and programs aimed at diversifying sources of growth in

Algeria. Also, Algeria is verywell placed to be amajor player in

the lucrative market of renewable energy. However, the

transition to more renewable energy use will need to start

immediately with the implementation of adequate policies

regarding energy strategy and sustainable development

programs.

Algeria has a nationwide environment strategy, a national

plan for environmental action and sustainable development

(Plan national d'action environnementale et de d�eveloppement du-

rable, adopted in 2002) [17], focusing on reducing pollution and

noise, preserving biodiversity and natural spaces, training and

raising of public awareness on environmental issues. To face

the territorial disparities in Algeria and to create conditions

for sustainable and harmonious growth countrywide, a na-

tional development plan (Sch�ema national d'am�enagement du

territoire, SNAT, adopted in May 2010) sets out the long-term

vision between now and 2025, aimed at gradually reducing

regional inequalities and enhancing the attractiveness of

areas lagging behind in development [18].

The integration of renewable energies into the national

energy mix constitutes a major challenge in the preservation

of fossil resources, the diversification of electricity produc-

tion ways and the contribution to sustainable development.

The National Program for the Development of Renewable

Energy 2011e2030 (Programme national de d�eveloppement des
�energies renouvelables) adopted by the government in

February 2011. This program saw a first phase dedicated to

the achievement of pilot and test projects of the different

available technologies, during which relevant elements
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