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A B S T R A C T   
 

The investment in solar thermal power technologies has become increasingly attractive, despite their still  

perceived high costs. Algeria presented an ambitious plan for increasing the participation of renewable 

energy sources (RES) in the power system, with significant investments foreseen for solar power tech- 

nologies. To achieve this objective, it is necessary to identify optimal sites for the implementation of 

these plants, as well as others where implementation is highly inadvisable from the economic, social, or 

environmental points of view. The main goal of this study is to present and apply a methodology to 

identify adequate locations for the installation of solar power plants in Algeria. The study addressed the 

particular case of concentrated solar power (CSP) and proposed a hybrid approach combining multi- 

criteria decision making and Geographic Information System. The approach allowed mapping and 

visualizing unfeasible areas and ranking the feasible sites. The results showed that more than 51% of the 

territory of the country is unfeasible for the implementation of CSP, mainly due to criteria related to 

topographic aspects, water availability, and distance to the grid. The results demonstrated that relying 

only on Direct Normal Irradiation (DNI) values may result in a reductionist vision for energy planning 

and thus other criteria can play a fundamental role in the decision process. The model allowed also to 

identify the best regions for CSP investment and opens routes for more detailed studies for the exact site 

selection. 

 

 

 
1. Introduction 

 
The replacement of fossil fuel resources by renewable energy 

sources (RES) is the objective of several countries to guarantee 

energy supply, diversify the energy mix, and attain sustainable 

development goals for the short-long term. The International En- 

ergy Agency (EIA) has predicted that the worldwide capacity 

installation of RES can increase from 2516 GW in 2018e6369 GW by 

2030 [1]. The North African countries are also struggling to invest in 

RES and nuclear energy to meet the high energy demand and 

ensure social welfare needs [2]. According to EIA [1]; the use of RES 

for electricity in Africa will grow from 163 TWh to 474 TWh, be- 

tween 2018 and 2030, or even further if sustainable development 

policies are actively pursued. Supersberger and Laura [3] also 

evaluated the use of renewable energies and nuclear power in the 
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North African region and showed that the integration of RES can be 

highly beneficial to diversify the countries’ generation capacities. 

However, these countries would still have to rely on the importa- 

tions for RES technologies. Similar occurs for nuclear energy, for 

which besides the importation gap other technical problems 

related to the size of power plants and required expertise, are also 

relevant. Brand and Blok [4] also studied the capacity of North Af- 

rican countries to achieve the transition from fossil fuel to RES 

under different scenarios. Their study concluded that RES increase 

could also lead to electricity exportation to Europe provided that 

integration of power markets is possible and RES production sur- 

passes 60% of the North African electricity demand. More recently, 

Ouedraogo [5] analyzed the problem of RES energy development in 

Africa. The author concluded that Africa should review its strategy 

to face several factors that limit the promotion of RES such as the 

economic issues, the problem of institutional framework and 

infrastructure or unskilled labor. For the case of Algeria, Bouraiou 

et al. [6] concluded on the slow progress of RES integration. The 

authors pointed out the need the need for further incentives to 
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encourage investment and facilitate the implementation of these 

projects. 

Algeria is the biggest country in Africa and has a major role in 

the oil and natural gas market. Furthermore, the country’s economy 

is almost exclusively based on the exportation of oil and gas and the 

electricity sector mainly relies on natural gas power technologies. 

This situation indicates the essential need that Algeria decrease its 

dependency on fossil fuel [7]. A new robust energy model that can 

extend the life of energy reserves, increase the export potential and 

allow the country to compete in international markets as a reliable 

exporter and prepare gradually for the after the oil time frame, is 

required. Thus, Algeria is making efforts to harness its renewable 

energy potential. 

The government aimed to diversify the energy mix by installing 

around 22 GW from renewable energy sources and addressing 

energy efficiency measures (MEM, 2011). Due to a delay, the pro- 

gram objectives for RES were decreased from 22 GW to 15 GW in 

2035 of which 4 GW in 2024 [8]. The potential of Algeria in 

renewable energy is well recognized, particularly solar and wind 

technologies. The country receives 2500 kWh/m2 per year of solar 

energy, the photovoltaic (PV) potential is estimated at 27,904 TWh/ 

year and 26,530 TWh/year for concentrated solar power [9]. Ac- 

cording to Haddad et al. [10]; solar energy is considered the most 

promising energy source for the country to reach environmental 

and social goals. Algeria has the opportunity to become a leader in 

solar energy production in North Africa and, as Bailek et al. [11] 

recalled, the country can even deliver electrical energy to Europe. 

However, the energy potential is not distributed uniformly 

throughout the Algerian territory. The selection of the areas with 

the greatest potential for the realization of these renewable energy 

power plants is a fundamental topic under the energy decision 

making problems. This selection exercise requires taking into ac- 

count other specific criteria which go beyond the pure estimation of 

the resource potential, namely the compatibility of these facilities 

with other land uses, as well as guaranteeing the energy and eco- 

nomic efficiency of these project, and avoiding as much as possible, 

the potential negative impacts for the environment and population 
[12]. 

The analysis of the adequate locations for the solar power plant 

implementation in Algeria using a scientifically sound approach is 

yet far from being fully explored. The large surface area of the 

territory, together with the difficulty of finding adequate geospatial 

information of sufficient quality to carry out the analyses, has 

prevented analysis of this type. 

The main objective of this study is to contribute to the debate on 

this solar-to-power strategy in Algeria, by developing a geospatial 

locational model to carry out an approximation to the potential of the 

Algerian territory for the implementation of concentrated solar po- 

wer (CSP). This first analysis will then select the areas a priori with the 

greatest potential that can be considered future technical-economic 

studies of CSP projects. For this purpose, the Geographic Informa- 

tion System (GIS) will be combined with a Multi-Criteria Decision 

Making (MCDM) approach for calculating the locational model. 

The present paper is divided into five sections, besides this 

introduction. The next section presents a literature review and 

analyses different approaches related to the selection of the loca- 

tion of RES projects. In section 3, the case of Algeria is presented, 

followed by a description of the data and methods used in section 4 

and results and discussion in section 5. Finally, the main conclu- 

sions are summarized in the final section. 

 
2. Literature review 

 
Finding the best location to install solar power plants has been 

the objective of several studies in different countries. This problem 

is frequently tackled using a MCDM approach and a GIS software to 

analyze the data of the geographic areas and to identify the best 

area to install RES power plants. There is an extensive number of 

reviews addressing MCDM for RES (see for example [13,14], or GIS 

for RES mapping (see for example [15] or [16]. The combined 

MCDM-GIS approach was also reviewed by Al-Garni and Awasthi 

[17] for site selection for the photovoltaic plants. 

Table 1 presents some recent studies that used a hybrid MCDM- 

GIS approach in different countries and regions to find the best 

location for RES power plants. The majority of the studies are 

dedicated to photovoltaic and/or wind power plants but the CSP 

power plants are becoming increasingly attractive given the high 

energy demand and new future programs promoting this type of 

energy. 

Although far from being exhaustive this set of studies clearly 

showed that choosing suitable areas to install RES power plants is a 

non-trivial task, given the number and diversity of criteria involved 

in the choice. The problem comprises multi-dimensional conflict- 

ing criteria and generally requires three main steps: 

 
Defining unsuitability criteria and adding restrictions to the 

criteria to eliminate the unsuitable areas for installing solar 

power plants. 

Defining the appropriate criteria to select the best sites for 

installing power plants. 

Ranking the range of suitable areas using the criteria weights 

involving the judgments of experts in the field. 

 
The analytical hierarchy method -AHP- [48] is one of the most 

popular methods used in this MCDM-GIS approach, as shown in 

Table 1. This goes in line with Al-Garni and Awasthi [17] review as 

the authors also concluded that AHP is the most used method for 

the ranking of photovoltaic site alternatives. 

In North Africa, Morocco is one of the most important investor 

countries in the CSP. Tazi et al. [33] evaluated the potential of 

Morocco to host solar power plants from CSP and PV technologies. 

Four criteria (climate, orography, location and water resource) and 

eight sub-criteria (Direct Normal Irradiation eDNI-, slope, distance 

from residential, distance from road and railway network, distance 

from the electricity grid, distance from waterways, distance from 

dams and distance from underground water) were selected to 

analyze the problem. Then, restrictions were applied to each sub- 

criteria and the excluded are were obtained.  The  AHP  method 

was implemented to determine the importance of each criterion. 

Lastly, the final suitability ranking map for the solar power plants 

was obtained. Alami-Merrouni et al. [32] assessed the suitability of 

the Eastern Morocco region to install CSP power plants. Criteria 

similar to Tazi et al. [33] were considered to analyze the CSP 

technology location and the constraints layer was created to find 

the unsuitable areas. GIS and the MCDM (AHP method) were 

combined for the evaluation of dry and wet cooling techniques. The 

DNI criterion resulted in the most relevant factor the best CSP sites 

selection. Finally, two suitability maps for CSP power plants with 

dry and wet cooling techniques for the region were obtained. 
In rural areas of West Africa, Yushchenko et al. [30] analyzed the 

PV and CSP potential using GIS and the AHP method. Restrictive 

criteria (urban settlements, land cover, risk areas, protected areas, 

land slope, population density) were used to get the non-suitable 

areas for solar power plants. In the second step, solar irradiation 

(DNI for CSP), distance to electricity grid lines, distance to roads and 

distance from settlements factors were weighted using the AHP 

approach to assess the suitability of the area for energy production 

from these solar power plants. 

Aly et al. [41]; analyzed the solar (CSP and PV) power potential of 

Tanzania using  GIS and  AHP tools.  Protected areas,  land cover, 

● 
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Table 1 

Studies using combined MCDM-GIS for RES planning. 
 

Authors name Method Technology Country 

[18] GIS-AHP PV Egypt 

[19] GIS-AHP PV Malatya, Turkey 

[20] GIS-AHP PV Brazil 

[21] GIS-AHP Wind farm Iran 

[22] GIS-AHP Wind, PV and biomass Malaga, Spain 

[23] GIS-AHP PV-hydrogen Algeria 

[24] GIS-AHP PV Southern Morocco 

[25] GIS-AHP PV Istanbul, Turkey 

[26] GIS-AHP PV and CSP Unit of Rethymno, Greece 

[27] GIS-AHP PV Croatia 

[28] GIS-AHP Wind energy Andalusia, Spain 

[29] GIS-AHP CSP United Arab Emirates 

[30] GIS-AHP CSP and PV West Africa 

[31] GIS- Boolean-Fuzzy Logic Model PV Iran 

[32] GIS-AHP CSP Eastern Morocco 

[33] GIS-AHP CSP and PV Morocco 

[34] GIS- Fuzzy AHP Solar farms (PV) Mekkah, Saudi Arabia 

[35] GIS-AHP Wind energy Nigeria 

[36] GIS-AHP and Boolan model Landfill Haryana, India 

[37] GIS-AHP PV Saudi Arabia 

[38] GIS-AHP PV and Wind Tehran, Iran 

[39] GIS-AHP PV and Wind Philippines 

[40] GIS-(AHP, ELECTRE, TOPSIS and VIKOR) PV Anatolian, Turkey 

[41] GIS-AHP CSP and PV Tanznia 

[42] GIS- Weighted Linear Combination and AHP Solar farms (PV) Legionowo District Poland 

[43] GIS- Boolean logic Wind farm Western Iran 

[44] GIS-AHP/Weighted Linear Combination Wind farm Silesia, Poland 

[45] GIS-AHP PV Karapinar, Konya/Turkey 

[46] GIS-AHP PV Southern Morocco 

[47] GIS-AHP and TOPSIS PV South-eastern Spain 

 
 

topography, water bodies, urban expansion, and low solar radiation 

were the integrated criteria to find unsuitable areas. AHP method 

was applied to calculate the importance of each criterion. The 

resulting map was designed according to a four range scale from 

the highest to the lowest suitable area. 

In the Middle East countries, Alqaderi et al. [29]; worked on the 

suitability map for CSP power of the United Arab Emirates (UAE). 

Solar irradiation (DNI), land slope, protected areas, land use, 

proximity to water bodies, power grid and the roads were the 

criteria used to identify the excluded areas for CSP projects ac- 

cording to the restrictions of each criterion. The AHP method was 

applied to rank the criteria and suitability of areas. 

In summary, and according to these sample of studies, some 

exclusion criteria can be highlighted as the most used ones, namely 

solar resource availability, the topography of the site, location and 

water resource, electricity grid, distance from water resources, 

population density and land. In the first stage, constraints are 

usually applied to these criteria in order to dismiss the undesirable 

areas for installing solar power. Following this exclusion stage, a 

MCDM method (AHP, Fuzzy AHP, TOPSIS, ANP and others) is then 

applied to assess suitable sites against a variety of criteria. As 

illustrated in Table 1, the AHP method is the most used technique to 

rank the importance of criteria. GIS software (ArcGIS, QGIS) is 

frequently used to map the data (DNI, roads, electricity grid, wa- 

terways, population density, and slope), analyze and show the 

ranking of suitability range zones. Combing MCDM with GIS tool 

allows classifying the areas into different ranges of suitability. 

 
3. Study area 

 
Algeria is the biggest country in North Africa as well as in the 

continent, with an area of more than two million km2, with two- 

thirds of it covered with deserts [49]. The country had 43 million 

inhabitants in January 2019, with a growth rate of 1.9% compared to 

2018 [50]. The forecasts indicate that the population of the country 

will attain 51 million in 2030 [51]. 

In terms of territorial organization, Algeria is divided into 48 

provinces as shown in Fig. 1. The southern provinces of Tamanrasset 

(11), Adrar (1) and Illizi (33) occupy almost 58% of the country’s 

total area. Nevertheless, according to the spatial distribution of the 

population, most densely populated cities are located on the 

Mediterranean coast and in the northern region of the country 

while the south and the deep Sahara are less populated. 

The energy consumption of Algeria as a whole has been multi- 

plied in recent years. The total consumption of the country was 

around 65 million tons of oil equivalents (TOE) in 2018 with a 

growth of 7.7% comparing to 2017 [52] and should reach 91.54 

million TOE by 2030 [53]. The exportation of energy products is 

decreasing and the internal energy consumption is increasing for 

the last years. The volume of hydrocarbon exports in 2018 reached 

101.4 million TOE, compared to 108.8 million TOE in 2017, reflecting 

a decrease of 7.0% [52]. 

The final energy consumption of the country increased from 

44.6 million TOE in 2017 to 48.1 million TOE in 2018 and it is mainly 

based on fossil energy as petroleum products (45%) and natural gas 

(42%) (IEA, 2017). The residential sector is still the highest 

consuming sector representing 46.5% of the final energy con- 

sumption (residential, agriculture and other related activities), 

followed by transportation (31.7%) and the industrial sector (21.8%) 

[52]. 

In the year 2018, national gas consumption reached 4.5 billion 

m3 with a growth rate of 8.7% comparing to 2017. Regarding elec- 

tricity, its use reached 66.8 TWh representing an increase of 2.9% 

against the previous year [52]. The increasing and massive use of air 

conditioning and other cooling devices, pumping water for con- 

sumption and agricultural irrigation needs due to high heat as well 

as public lighting have significant repercussions on the electricity 

network, causing high peaks in electricity consumption. 
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Fig. 1. Study area. 

 

The  total  installed  power  electricity   capacity   reached 

20,964 MWat the end of 2018, representing an increase of 7.7% when 

compared to 2017 [52]. The government targets to install 15 GW from 

RES up to 2035. The installed power of RES in 2018 was around 

354.3 MW (without hydroelectric), divided between 344.1 MW for 

photovoltaic technology, and 10.2 MW for wind power plants. Un- 

fortunately, only a small amount of the program of RES has been 

accomplished (small units in the far south). At this rhythm, it is almost 

impossible to reach half of the RES target. This is due to several rea- 

sons, such as the lack of information, poor staff training, and the 

absence of legal and regulatory framework and lack of skilled labor 

[6]. As such most of the electricity is still coming from single-cycle and 

combined cycle gas turbines technologies and RES represented only 

1% of the total production in 2018. 

The rationalization of the consumption of electrical energy is, 

therefore, becoming an emergency to reduce energy losses, in- 

crease energy efficiency and promote the use of renewable en- 

ergies. To meet the evolution of the national electricity demand and 

to take into account the program of decommissioning of the means 

of production arrived at end of life, the needs for construction of 

new means of electricity production must be analyzed by region. 

The Algerian renewable energy program foresees then the devel- 

opment of RES power plants in the country. During the first stage, a 

strong emphasis will be put on photovoltaic, wind power and to 

less extent on biomass, and in the second stage, additional tech- 

nologies will be considered, including CSP. However, to the best of 

the authors’ knowledge, a strategy for mapping RES resources is 

still not defined. As such, we aim to contribute to this debate by 

presenting a methodology combining MCDM-GIS to support CSP 

locational planning in Algeria. 

4. Data and methods 

 
The first approximation for identification areas with the greatest 

potential for the implementation of CSP power plants has been 

carried out through the consecution of two methodological phases 

(Fig. 2): 1) Excluding and mapping unsuitable areas map and 2) 

Ranking and mapping suitability areas. Based on these two phases, 

the outcome will be the mapping of areas classified according to 

their potential for CSP installation. 

These are common phases in works linked to the use of GIS and 

MCDM methods for select the best places for RES installation and 

will be addressed separately in the following sections. 

 
4.1. Calculate unsuitable areas 

 
The calculation of the unsuitable areas will be carried out in two 

stages: 1) definition of the unsuitability criteria and 2) calculation 

and mapping of unsuitability criteria and unsuitable areas. 

 
4.1.1. Definition of unsuitability criteria 

The criteria to identify the unsuitable areas for locating solar 

power plants have been established according to the literature and 

taking into account the specificities of the country [14,32,33]; 

among others). Table 2 lists a set of criteria to find the unsuitable 

areas and the restrictions for each criterion. Each of them will be 

commented hereupon: 

 
Direct normal irradiation (DNI) factor is a crucial criterion to 

determine the suitable areas to install CSP technologies. The 

solar potential of Algeria is around 2500 kWh/m2 per year [10]. 

● 



B. Haddad, P. Díaz-Cuevas, P. Ferreira et al. 

842 

 

 

 

 
 

Fig. 2.  Methodology of the study. 

 
Table 2 

Exclusion criteria and the values assumed in this study. 

Element of database Exclusion criteria Remarks 
 

Annual direct solar irradiation DNI < 1800 kWh=m2
 

Roads and railways Distance <100 m 

Distance >40 km 

Density population Population areas. 

Distance > 200 km 

Zones located more than 40 km from a road or railway are excluded. 

Zones located more than 200 km from populated areas are excluded. 

Electricity grid Distance  > 200 km Zones located more than 200 km from the grid are excluded. 

Slopes Slope  > 2:1% Zones with a slope higher than 2.1% are excluded 

Protected areas Not in this areas / 

Airports Not in this areas / 

Water availability Distance  > 30 km Zones located more than 30 km from rivers, streams or dams are excluded 

 

This places Algeria as one of the countries with the highest 

potential in the North African and Mediterranean regions. The 

DNI potential is considered to be economically feasible above 

1800 kWh/m2 [54], so areas under 1800 kWh/m2 were excluded. 

The distance from the electricity grid is an important criterion to 

optimize the electricity production cost. The closest the power 

plant is to the electricity the less costly it will be to inject the 

produced electricity into the grid. The length of the national 

electricity transmission system was around 29,233 km in 2017 

for all levels of voltages (60e400 kV). To avoid electricity 

transmission losses and additional grid extension costs, areas 

located more than 200 km from the electricity grid (line or 

substation) were excluded. 

The same argument, avoid energy losses, and facilitated distri- 

butions and supply, justify that the areas located more than 

200 km from populated zones were excluded. Also, spaces 

occupied      for      population      nuclei       were       excluded. 

The proximity to transport networks is an important factor to be 

considered for solar power plant implementation site selection, 

as building new roads and railways networks bring significant 

additional costs to the project. To avoid this, areas located more 

than 40 km from the transport network were excluded. Areas 

less than 100 m from a road or railroad were also excluded to 

avoid negative impacts on the transportation network. 

Protected areas must be excluded from the implementation of 

large RES plants, to ensure their preservation. Following the 

ProtectedPlanet.net website, the number of protected areas in 

Algeria is 78 with a total area of 174,219 km2 representing 

around 7.5% of the total area of the country. 

For safety reasons, the airport areas were not considered to 

install power plants [35,55]. 

Topography variables are of extreme importance to ensure the 

required technical conditions to install thermal solar power 

plants. Cylindrical Parabolic Trough and Linear Fresnel Re- 

flectors technologies require a site with a slope of less than 2%. 

In the case of solar towers and Dish, the allowable slope of the 

terrain could be 5% [56]. However, the lower slope can generally 

reduce the investment cost and especially for the CSP power 

plants that are very sensitive to this factor [33]. According to The 

World Bank [57]; the maximum value of the slope is usually set 

between 1% and 3% for CSP. Given the variability of values, for 

this study, a conservative approach was followed and a 

maximum slope of 2.1% was considered to be acceptable [33,41]. 

 
Also, some authors identified as unfeasible for CSP plants, the 

areas that are not oriented to the south in the northern hemisphere 

and the north in the southern hemisphere [32]. Adequate locations 

to capture maximum solar energy are then facing to the south, 

south-east and south-west in the northern hemisphere exposed to 

radiation all year round, in particular during the daily middle hours. 

Nevertheless, although a south-facing zone would have better re- 

sults, it does not mean that CSP cannot be implemented in the 

● 

● 

● 

● 

● 
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Table 3 

Data sources. 

Element of database Source 

Annual direct solar 

irradiation 

Global Solar Atlas and published by the World Bank Group. The Data has been downloaded in GeoTIFF format and the resolution data is 

250 m. 

Roads and railways Road network and railroad spatial data has been obtained in shapefile format for 2004 from International Steering Committee for Global 

Mapping and The National Institute of Cartography and Remote Sensing, Algeria. 

Density population Population density for each 100 m ×  100 m grid square has been obtained from Pop World. 

A general view of the data is available in Tatem et al. [60] and the description of the methods used can be found in Stevens et al. [61]. 

Electricity grid Electricity Transmission Network of 2017 of Algeria available in the dataset of the World Bank. This dataset is classified as public under the 

Access to Information Classification Policy. The file is downloaded in json. Using this file and the map of electricity grid data of Algeria from 

the Ministry of Energy and Mines of Algeria [52], the electrical network (lines and substations), have been digitalized. 

Slopes Slopes have been calculated from Digital Elevation Model obtained from Shuttle Radar Topography Mission (SRTM 90m Digital Elevation 

Database v4.1) [62,63]. 

Protected areas Data have been downloaded for March 2020 from ProtectedPlanet.net. 

Boundaries of some protected areas have been digitized from Google Maps. 

Airports Airports spatial data has been obtained in shapefile format for 2004 from the International Steering Committee for Global Mapping and The 

National Institute of Cartography and Remote Sensing, Algeria./ 

Permanent rivers, streams or Permanent rivers, streams or dumps spatial data were obtained from International Steering Committee for Global Mapping.  

dumps 
 

 

northern hemisphere. As such, in this paper, orientation was not 

considered as an exclusion criterion. 

On the same hand, the CSP power plant requires water for its 

cooling and cleaning which poses important questions for effective 

water management in the country. Water scarcity is a fundamental 

concern in Algeria in general and in the Sahara region in particular 

[58]. Following Ziuku et al. [59] areas locate more than 30 km from 

water bodies were excluded. Data from waterways and dams, lakes 

The slope is calculated through the ArcGIS slope1 function. This 

parameter calculates the rate of maximum change in z-value from 

each pixel of a raster surface. In this case, the raster surface used is 

SRTM 90m Digital Elevation Database v4.1. Once the slope for each 

pixel has been calculated, the Reclassify parameter has been used to 

assign values of 1 to the cells with slopes lower than 2.1% and 0 to 

the rest, as presented in equation (2). 

and irrigated areas of Algeria are obtainable via the International 

Steering Committee for Global Mapping for all rivers including both 

intermittent and permanent flows. However, the number of digi- 

If   S i;:::n _ 2:1;    S i;:::n     then ZS    i;:::n    ¼  0 
If   Sði;:::nÞ ≤  2:1;   Sði;:::nÞ  then  ZS  ði;:::nÞ ¼  1 

(2) 

tized streams in an arid country like Algeria, makes this informa- 

tion uncertain. In fact, the spatial data were checked by the authors 

with satellite images and a large number of digitized streams were 

linked to intermittent, dry streams. Therefore, only remote areas 

from permanent rivers, streams, damps and irrigated areas have 

been taken into account as an exclusion criterion. This is because 

the spatial information linked to them, are more accurate. 

 
4.1.2. Calculation and mapping of unsuitability criteria and areas 

Table 3 shows data sources used for calculating and mapping the 

Where S i;:::n        Slope value for pixel (i, …,n) and ZS i;:::n    is the 

reclassified value for each pixel (i, …,n) for Slope criterion. 
Regarding the remaining of the criteria, firstly a distance map 

has been generated for each of them (distance to: electricity 

network, population nuclei, roads and railroad lines, natural pro- 

tected areas and airports). The ArcGIS parameter used to calculate 

the distance has been Euclidean distance2 that results in a map of 

distance from each pixel in the raster to the closest source. Once the 

distance to each of the criteria has been calculated, the reclassifi- 

cation orders have been carried out, as presented in equation (3). 

unsuitability criteria. All these data search and standardization has 

been carried out in this paper. To this end, the use of GIS, capable of f 
If   Dp

ði;::::nÞ _R;  Dp ði;::::nÞ ði;::::nÞ 
¼  0 

(3) 

integrating and normalizing spatial information of different nature, ði;::::nÞ ði;::::nÞ ði;::::nÞ ¼  

has been fundamental. 
Once the  spatial  information  has  been  determined,  it  was 

Where Dp 
ð  Þ is criterion Dp value for each pixel (i, …,n) and R is 

normalized. The same spatial resolution and the same coordinate 

system were assigned to them. The coordinate system used was the 

WCGS84, projected in use 31 N (EPSG25830) and the spatial reso- 

lution was 100 m2. The ArcGIS 10.3 software was used for spatial 

analysis. Following this, criteria have been calculated and mapped, 

assigning the value of 0 to incompatible zones and 1 to compatible 

zones.  This  was  carried  out  using  three  ArcGIS  parameters: 

restriction values for each criterion (for example, R value is 200 km 
for population density and electricity network) and Zi i;::::n are the 

reclassified values for each pixel (i, …,n) for “i” criterion. 
Once the exclusion criteria have been calculated and mapped, 

these criteria have been multiplied to generate the map of 

incompatible zones, as presented in equation (4). 

Zað0;1Þ ¼  ðZi 0;1Þ * ::::::: * Zn 0;1Þ Þ (4) 

Reclassify, Slope and Distance. 

Reclassification is an operation that assigns different values to 

the input data according to certain criteria. Regarding to DNI, the 

ð 

 
Where the Za 

ð Þ 

ð 

 

are the final incompatible values, and Zi-n are 

DNI raster values have been reclassified assigning the value of zero 

to those pixels whose DNI values are lower than 1800 kWh/m2. The 

value of 1 has been applied to the rest of the pixels as presented in 

equation (1). 

incompatible values for each criterion for each pixel. 
Finally, an analysis of the number of incompatibility criteria met 

by each pixel has been carried out. For this, reclassification values 

have been reversed. Therefore, the value of 1, has been applied to 

incompatible pixels and value 0 to compatible ones. Finally, each 

f 
If   DNIði;::::nÞ  31800;   DNIði;::::nÞ  then  ZDNI  ði;::::nÞ ¼  0 

 

 
(1)    

ði;::::nÞ ði;::::nÞ  then  ZDNI  ði;::::nÞ  ¼  1 
1 See ArcGIS 10.3 Help (https://pro.arcgis.com/es/pro-app/tool-reference/spatial- 

analyst/how-slope-works.htm). Where DNI ¼  DNI value for pixel (i, …,n) and Z is the 2 

reclassifi 
ði;::::nÞ DNI  ði;::::nÞ See ArcGIS 10.3 Help (https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial- 

 analyst-toolbox/euclidean-distance.htm). 

If  DNI 

then Zi 
1 ≤ R; Dp then Zi 

≥ 1800;   DNI 

ed value for each pixel (i, …,n) for DNI criterion. 

http://protectedplanet.net/
https://pro.arcgis.com/es/pro-app/tool-reference/spatial-analyst/how-slope-works.htm
https://pro.arcgis.com/es/pro-app/tool-reference/spatial-analyst/how-slope-works.htm
https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/euclidean-distance.htm
https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/euclidean-distance.htm


B. Haddad, P. Díaz-Cuevas, P. Ferreira et al. 

844 

 

 

0;1 

¼  

 

criterion has been added, obtaining, for each pixel, the total number 

of criteria that this pixel does not meet, as presented in equation 

(5). 

Zbð0;1Þ ¼  ðZi i;1Þ þ ::::::::: þ Zn 0;1Þ Þ (5) 

is attempted. Then, the expert judgments are converted to 

numeric values using Saaty [64] scale presented in Table 4. 

A face-to-face meeting with each expert was favored and if this 

meeting was not possible phone meetings were organized. In this ð  ð 

study, twelve experts were consulted to evaluate the appropriate- 
Where Zb the final unfeasibility values and Zi-n are incom- 

ð Þ 

patible values for each criterion. 

 
4.2. Ranking suitable areas 

 
Once the incompatible areas have been identified, compatible 

areas must be ranked according to their suitability for installing CSP 

power. Three stages were carried out for this purpose: 1) Selection 

of suitability factors; 2) Application of weights; 3) Calculation and 

mapping of potential areas. 

 
4.2.1. Selection of suitability factors 

The most relevant factors (or criteria) used for the case of the 

Algeria region and other countries are summarized in Fig. 3. They 

are based on the work of Tazi et al. [33]; Alami-Merrouni et al. [32] 

and Shao et al. [14]. These are designed to guarantee maximum 

productivity (areas with greater radiation and orientation of the 

slope) as well as greater energy and territorial efficiency of the 

installation. 

 
4.2.2. Factor weighting 

Once the factors (or criteria) have been identified, it has been 

considered that not all of them contribute in the same sense and 

have been weighted. For the weighting, the Analytic Hierarchy 

Process (AHP), has been used. AHP is one of the most used methods 

to choose the best locations of RES power plants as shown in the 

precedent Table 1. 

Saaty [48] proposed the AHP approach and the principal 

advantage of this method is its inherent ability to handle intangible 

and less cumbersome mathematical calculations. This method is 

structured in three main steps: 

 
Step 1 Define the problem and fix the goal. 

Step 2 Build the hierarchical diagram of  the MCDM problem as 

ness of the criteria for the site for CSP site selection in Algeria ac- 

cording to seven criteria presented in Fig. 3. 

The consulted experts have been working for more than fifteen 

years in this field, the group may be divided into two expertise 

areas. One area includes experts holding a PhD in different disci- 

plines (mechanical, electrical and environmental engineering). 

They are currently working as researchers in solar thermal energy 

projects for the case of Algeria and most of them are leaders of 

research groups of the Renewable Energy Development Center 

(CDER) of Algeria. The other group includes engineering practi- 

tioners (mechanical, electrical) working on a power plant from an 

international company operating in Algeria. Some of these experts 

worked also in the installation of the CSP plant of Hassi r’mel in 

Algeria. 

Each expert made an individual decision and then all decisions 

were integrated into in-group decision to obtain the one final de- 

cision [65]. 

The pairwise comparison matrix is elaborated to present the 

relative importance of the factors as illustrated in Fig. 4 [66]. In this 

figure, a pair-wise comparison matrix is shown for n criteria labeled 

as Ci presented on the top and left side of the matrix. 

The pair-wise matrix is normalized by dividing each value in the 

pair-wise comparison matrix by its column sum. Following, the 

values of the rows of the normalized matrix are summed and 

divided by the number of factors (in this case 7), to obtain the 

priority vector, that shows the relative importance of the compared 

factors (W). The sum of all elements in the priority vector should be 

1. 

As the weighing process for the comparison matrix tends to 
have a subjective nature, a consistency test is required. The 

Eigenvalue li and consistency index (CI) test of the pairwise com- 

parison is calculated using Eq. (6) and Eq. (7) respectively. Finally, 
the consistency index (CR) of the matrix comparison is calculated 
using Eq. (8). 

shown in Fig. 2. n      n 

Step 3 Experts consultation to weigh the importance of criteria to 
P

ð 
P 

AijÞwj 
 evaluate site suitability. A linguistic scale may be used and 

the pairwise comparison of criteria concerning the objective j li ¼  
i¼ 1 

Aij 

(6) 

Consistency test, 

 

CI     
lmax —  n 

n —  1 

Consistency ratio, 

 
 

 
(7) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Relevant criteria used to select the appropriate site. 

CR ¼  CI=RI (8) 

The random index (RI) is selected from Table 5 for each pair- 

wise matrix comparison. The judgment matrix may be considered 

consistent, and consequently, the comparison matrix may be 

acceptable, if the CR does not exceed 0.1. In case of inconsistency, 

the expert should be contacted and the evaluation must be 

repeated until an acceptable matrix is reached. 

When a set of experts is involved, different approaches may be 

used for the aggregation (see for example [67,68]. For the sake of 

simplicity, arithmetic mean was used to aggregate the final weights 

provided by each expert, as shown in equation (9). 
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aij 

 

Table 4 

Crisp value of preference scale for AHP. 
 

Scale of importance for comparison pair A(aij) Numeric Rating Reciprocal (decimal) 

i is extremely more important than j 9 1/9 (0.111) 

i is very much important than j 7 1/7 (0.143) 

i is much important than j 5 1/5 (0.200) 

i is moderately more important than j 3 1/3(0.333) 

i is equally important than j 1 1 (1.000) 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. The pair-wise comparison matrix 

Where: 

n ¼  Criteria  number to  be evaluated 

Ci ¼  ith  Criteria 

aij ¼  importance of criteria  ith  compared  to criteria  jth 

aij ¼  importance of criteria ith compared to criteria jth 

For all i and j it is necessary that. 

aij  ¼  1 Reflects equal importance 

aji  ¼  1   Reflects reciprocity in judgment 

 
Table 5 

Random consistency index for matrices of size n. 

N 1e2 3 4 5 6 7 8 9 

RI 0.0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 
 

 

grid and to locations with high population density are considered 

to be highly relevant. The high weight assigned to the distance to 

the grid and big consumer centers indirectly demonstrate the 

importance given to the grid losses and related cost concerns. 

Also, water resources were considered decisive for selecting the 

best site for CSP power plants. The country is facing a big problem 

of water availability and the water management challenge seems to 

be well understood by the experts. Finally, distance to roads, rail- 

ways, slopes and orientation of slope were judged less important 

compared to other criteria. 

The final ranking of the alternatives was then computed based 

on the weights assigned to each factor (or criterion), as explained in 

the next section. 

 
4.2.3. Calculation and mapping of potential areas 

Once the suitability factors and the weights to be applied to each 

of them have been identified, these have been calculated and 

mapped using ArcGIS. The sources used are those indicated in 

Table 3. 

The orientation has also been calculated from SRTM 90m Digital 

Elevation Database [62,63]. For this, the parameter Aspect3 from 

ArcGIS has been used. The same digital elevation model was used to 

calculate the slope. Also, data from waterways (permanent rivers of 

first and second order, that due to their width are easier to obtain) 

and damps, lakes and irrigated data of Algeria are obtainable via 

International Steering Committee for Global Mapping. This issue is 

considered in this step assuming it as a positive criterion by means 

to prioritize as better areas those located close to damps, and water 
in lands. Once the factors have been calculated, they have been 

Pi ¼  
Xn      wi

 (9) normalized between 0 and 5, using the quantiles as classification 
i¼ 1 N 

Where Pi is the final aggregated priority assigned to criterion i. 

The AHP method calculation was elaborated using Excel soft- 

ware and performed to compute scores and rank the suitability 

rating of the site according to the well-established mathematical 

methodology [69]. 

Table 6 summarizes the aggregate expert assessment. DNI, 

electricity and population density were highlighted as crucial fac- 

tors for choosing the location of CSP plants. Not surprisingly, the 

potential of solar energy (given by DNI) was selected as the most 

important factor to be considered. DNI is of course fundamental for 

the techno-economic viability of these projects as was already 

debated in the literature [33]. Both the distance to the electricity 

 

Table 6 

Weights assigned to each factor (criterion) for evaluation of CSP installation. 
 

Factors Weight (%) 

Direct normal irradiation (DNI) 27.05 

Distance to roads and railways 05.31 

Distance to high population density 22.95 

Distance to the electricity grid 23.00 

Distance to waterways and damps 12.51 

Slope 05.48 

Slope orientation 03.70 

methods (Fig. 5). 

This means that for each criterion the areas cataloged with 0 are 

unfeasible areas, the areas assigned, by means of Reclassify function, 

a value of 1 to represent those that obtain 20% of the lowest values 

and the areas cataloged with a value of 5 represent 20% of the 

highest values, and therefore, better suited for the installation. 

It is necessary to mention the case of the slope orientation factor 

that has been normalized in the following way: value 5 for south 

orientation, value 3 for SW or SE orientation, value 1 for the 

remaining areas. Fig. 5 shows the maps of the reclassified factors. It 

is possible to find out how some areas with  higher  DNI  values 

(Fig. 5f) are considered unsuitable due to the water availability 

pending (5d), and the higher slopes (5f). 

Also, Fig. 5 shows how despite the highest population densities 

(5a) and therefore the most developed road and electricity trans- 

port network (5c and 5b) in the northern areas of the country, these 

areas have been cataloged as unsuitable. This is due to the Atlas 

Mountains Range, resulting in the highest slope (5g) and lowest 

DNI values (5f) given the shadow effect. 

The suitability index was calculated following the equation (Eq. 

(10)). 

 
3 See ArcGIS 10.3 Help (https://desktop.arcgis.com/es/arcmap/10.3/tools/3d- 

analyst-toolbox/how-aspect-works.htm). 

https://desktop.arcgis.com/es/arcmap/10.3/tools/3d-analyst-toolbox/how-aspect-works.htm
https://desktop.arcgis.com/es/arcmap/10.3/tools/3d-analyst-toolbox/how-aspect-works.htm
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X
¼
 

 

 
 

Fig. 5. Normalized maps for each factor: a) Distance to higher density nuclei; b) Distance to the electric grid; c) Distance to the road and railway network; d) Distance to permanent 

rivers, damps and water inlands; e) Orientation; f) DNI and g) Slope. 

 
Si ¼  Sip × Zað0;1Þ (10) 

Where Si is Suitability Index, Sip is Partial Index value for each pixel 

and Za(0,1) are final incompatible value for each pixel. 

Suitability Partial Index, Sip, is calculated by applying the 

weighted linear sum method for suitable areas (Eq. (10)), a frequent 

method applied with the available software that uses either map 

algebra or the weighted linear sum itself. Finally, the result will be 

multiplied for unsuitable values (Eq. (11)). 

 
5. Results 

 
5.1. Unsuitable area 

 
Fig. 6 shows the areas of the Algerian country characterized as 

incompatible for  the  implementation  of  CSP.  A  total  of 

1,195,800 Km2 (almost 51.6%) of the territory is considered 

incompatible with the implementation of CSP power plants. 

Considering the incompatible surface by criteria, slope, consti- 

tute the criterion that excludes most of the territory (39%), followed 

by the water availability and distance to the grid. These two last 

SIp n 
i¼ 1 

Wi Xip (11) aspects highlight important challenges of the country with a high 

impact on energy planning: water scarcity and the vast geograph- 

Where SIp represents the Suitability Partial Index for cell p (land 

portion); Wi the weight of criterion i (from Table 6); and Xip the 

normalized value of the cell p (land portion) for the criterion i. 

Finally, suitability values have been categorized by deciles intervals, 

so that the value 10 corresponds with areas that have obtained the 

10% of the highest values. 

ical extension. 

Regarding the number of unmet criteria (Fig. 7), 90% of inap- 

propriate areas failed to meet between one and three criteria: 

oned61%;  twod29%;  threed8%- The  remainder  of  inappropriate 

areas fail to meet multiple criteria (between 4 or 6). 
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Fig. 6. Unsuitable areas and unsuitable areas rendering to each unmet criteria. 

 

5.2. Suitability areas rank 

 
As for the suitable areas, Fig. 8 shows areas classified according 

to their potential for CSP installation. The suitability indicator 

values ranged between 1.3 and 6.7 in the country, categorized by 

deciles (quantiles). The highest potential values (10% of highest 

values) are located in the highlands areas that are near to the 

highest population density, electricity grid, and water resources 

and with acceptable solar energy availability. These areas represent 

the best locations for CSP and should be considered for further 

analysis including additional variables that are costly and difficult 

to obtain for large areas. It is worth highlighting that, although 

there are higher solar potential areas in the Sahara, most of this 

area is unsuitable for installing CSP given the distance from the 
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Fig. 7. Unsuitable areas according to the number of unmet criteria. 

 
North of the country which is a region with a dense population and 

high energy demand. 

 
6. Discussion 

 
In recent years, the commitment to renewable energy has led 

the definition of objectives to be achieved by several countries. 

These, in some cases, have been proposed without a real assess- 

ment of the territories that could be identified as suitable areas or 

areas where the activity is unfeasible or highly inadvisable with 

others [12]. Identifying and mapping these areas is an essential 

element for the planning of these infrastructures on the territory. 

In the case of Algeria, the commitment to renewable energies is 

well evident in the government plans, with solar energy being one 
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Fig. 8. Potentiality values. 

 

of the most promising options for the country [10]. However, this 

interest in solar power technologies is mostly justified by the high 

values of solar radiation available in the country and other con- 

siderations that go beyond the radiation criterion must be taken 

into account to define the potential for the effective exploitation of 

solar power technologies. The present work aimed then to 

contribute to this debate by proposing a locational geospatial 

model for the concentrated solar power installation using a com- 

bined MCDM-GIS in Algeria. 

This paper adds to the literature reviewed mainly in two ways: 

 
1. Algeria has not been the subject of this research topic previ- 

ously. Accordingly, this paper will be a reference for future RES 

mapping examinations in the country. 

2. The resulting locational model establishes a dynamic instru- 

ment that might be useful to open and private decision makers 

planning. 

 
Regarding the first point, although several studies addressing 

the installation of CSP facilities in Algeria are available [70e72], 

they do not map or select areas according to their potential. To the 

best of the authors’ knowledge, this is the first study on the zoning 

of the Algerian potential for the implementation of solar facilities 

that goes beyond the radiation factor. There are many reasons for 

this but two of them seem to explain most of the  difficulties, 

namely (1) the difficulty of finding appropriate sources of infor- 

mation with quality spatial data that can be used for the spatial 

display of the criteria and (2) the large size of Algeria’s territory, 

which prevents work with adequate spatial resolutions. 

Although there are territories that have a large free official 

geospatial database available, in this case, obtaining information of 

this type for Algeria is not an easy task. It is for this reason that, in 

this work, an extensive effort has been made in searching and 

compiling geospatial information that is provided mainly from 

world web portals that distribute them free of charge. Several 

sources have been consulted, analyzed and compiled. Among those 

already, the following can be highlighted: Global Solar Atlas, or the 

SRTM Digital Elevation Database v4, for the orography and topog- 

raphy criteria. Both sources have been used by some authors for 

close purposes. For example, Dupont et al. [73] used Global Solar 

Atlas to obtain world solar irradiation values. Also, SRTM 30m 

Digital elevation was used for Croatia [27], Morocco [32] and Egypt 

[74] case studies. The large size of Algeria, and the fine spatial 

resolution (100 m ×  100 m), has complicated the necessary 
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analyses, and a server, capable of performing studies at a fine scale 

has been used. Multiple spatial and thematic indexing tasks have 

been carried out to speed up the analyses. 

Regarding the second point, the model constitutes a useful tool 

both for public planning agencies and for private investors, which 

may a priori dismiss areas where this activity is unfeasible or highly 

inadvisable with some of the values or characteristics of the terri- 

tory. Identifying areas suitable at this scale would be highly 

inconsistent. This is because other criteria must be taken into ac- 

count which, by definition, cannot be assessed at this scale (visual 

impact, impact on birds, landscape, social acceptance, among 

others) and even less so for territory as large as Algeria. Besides, the 

opinion of local decision-makers, industry and sector experts 

should be sought to select the criteria factors and weights, that 

should be chosen adapted to the study area, where regulations 

must be taken into account. The usefulness of this tool is then 

deemed to be on helping planners and private investors to identify 

areas to focus and allocate resources. In these areas, further analysis 

where other variables, that are costly and difficult to obtain for 

large areas, should be further investigated. The indicator and the 

associated methodology provide first-hand information to other 

researchers and policymakers as a first step towards more 

comprehensive assessments. 
The model developed easily allows for re-assessment, in case 

any of the criteria is updated (for example, the construction of a 

new road) or the weightings of the criteria changed. Also, the 

model could point out where the improvement of one of the criteria 

could increase the area with the highest potential values. 

Models and results are generally verified by comparison with 

other studies in the study area. In this sense, Oakleaf et al. [75]; 

used GIS and MCDM to generate worldwide zoning at 1 km reso- 

lution, to identify incompatible or optimal zones for the imple- 

mentation of power plants including CSP. The need to analyze the 

global level forced the use of fewer exclusion criteria. Also 

comparing with the proposed model in this work, different factors, 

data sources and resolutions were used. 

For example, the average annual direct normal irradiation (DNI) 

data used in Oakleaf et al. [75]; was obtained from the Global Solar 

Dataset 3 km, available from 2016, while in our case it has been 

obtained from the Global Solar Atlas, available from 2017, with a 

resolution of 250 m. Suitability factors, weightings, and constraints 

used were also different. Nevertheless, there are several points of 

concurrence between the two models in the unfeasible areas, both 

in the number (that is similar, almost 51%) and location (see Fig. 9). 

The areas with the greatest potential vary in number.  Despite 

these differences, our results show that approximately 70% of the 

territory with the highest values match in both models. However, 

80% of the values cataloged as very high by Oakleaf et al. [75]; 

coincides with unfeasible, very low and low areas. This is due, as 

previously mentioned, to the lower number of unfeasibility criteria 

used. Consequently, the developed model in this work is more 

complete, as it uses a greater number of criteria and different 
sources, some of them, at finer spatial resolutions. 

The Algerian government included in the National Program for 
Renewable Energy, the gradual application of renewable energy in 

the   next   years.   The   government   selected   Béni   Abbès   (Béchar 

province),  Naâma,  Béchar,  M’Ghaïer  (El  Oued  province),  El  Goléa 

(Ghardaïa province), Laghouat, Ouargla, El Oued and Adrar as the 
best areas for installing CSP [11,76]. All of these areas have great 
solar potential in our model, however, the model also identifies 

other areas for solar development, such as the provinces of Tindouf, 

El Bayadh and Tamanrasset. 

7. Conclusions 

 
The paper aimed to design a methodology for RES mapping with 

a particular focus on CSP. This methodology recognizes that the 

privileged solar irradiation is the main decision factor for the 

integration of this technology on energy policy goals of the North 

African regions but explicitly acknowledges and accounts for other 

factors that cannot only limit the potential of certain locations but 

can even exclude regions classified as unsuitable areas. 

The best areas for CSP installation in Algeria were analyzed 

using the MCDM approach and GIS software. Results showed that 

about 51.6% of the total surface of the country was found incom- 

patible for installing CSP. The excluded area was mostly due to the 

factors related to the proximity to the electricity grid, slope of the 

site and access to water. Regarding the ranking of the compatibility 

areas, provinces of Naâma, Laghouat and Ghardaïa were resulted as 
the best sites, followed by Ouargla and El Oued. The results of the 
appropriate sites confirm a previous governmental assessment but 

highlight also some other regions with high potential for CSP 

projects. 

The mains research implications and conclusions can be high- 

lighted from this study: 

 
(1) GIS software is a valuable tool to illustrate data, carry out the 

necessary analyses and present results in the geographic 

maps to support the resolution of complex problems as is the 

case of the selection of renewable energies power plants 

location. 

(2) The combination of MCDM and GIS results in an effective 

decision support model as it allows for the inclusion of 

technical and non-technical criteria and integrates value 

judgment in this model. The results show that although 

Algeria presents high DNI values, other criteria should be 

considered for an effective decision making process. 

(3) The results are sensitive to two main factors: data availability 

for GIS mapping and the experts’ feedback. This last aspect in 

particular calls for further research. The extension of the 

number of the stakeholders involved would be of great 

benefit, to ensure that a consensual mapping would be 

achieved in the end avoiding social conflicts, feelings of un- 

fairness and even compensation costs. 

(4) The proposed methodology can be applied to other RES 

technologies in the country provided that the criteria are 

adapted to the specific requirements of each technology. The 

possibility of applying it to wind and biomass is particularly 

appealing given the expected growth of these technologies in 

Algeria. 

 
Although an exertion has been made to utilize the best acces- 

sible free geospatial information for our assessments, there are 

inherent uncertainties due to the nature of global spatial data. Also, 

there are uncertainties linked to any MCDM process (e.g., setting 

limitations, calculating spatial criteria values, and selecting criteria 

weights), and only the uncertainty and sensitivity of a primary 

source (criteria weights) were evaluated. However, the model 

presented a necessary approximation to the potential of Algerian 

territory for the installation of CSP facilities. Areas where more 

detailed studies should be carried out and higher quality infor- 

mation should be gathered were identified. The analysis is deemed 

to be useful to support decision making in the energy policy of the 

country and bringing confidence to investors to install solar power 

plants. 
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Fig. 9.  Suitability values from Oakleaf et al. [75] (a), and from our model (b). 
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