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Abstract. The CoSoTIA (Concentrated Solar Technologies for Industrial Applications) project initiated by the CRTI center in collaboration with the URMPE
unit concerns the study and development of CSP solar concentrators for industrial applications. In the present work, we present decision support tools for the
choice of a solar concentration technology for sites in Algeria. They will be used
for the comparison between different technologies of solar concentration e.g.:
cylindro-parabolic, parabolic, solar tower, etc. The models used include project
costs and site characteristics; they incorporate also engineering knowledge (economic, social, technical and environmental). The information needed for decisionmaking produced by these tools is: the total cost of the project, indicators with
economic, social, technical and environmental aspects. The case studies presented
were conducted under the SAM Advisor environment, which was developed to
evaluate the capacities to implement CSP project in order to produce expertise
for the different actors through an application on a given site (by the client). Four
case sites in Algeria and for two types of solar concentrator plant are studied and
presented. A comparative study was conducted and for each site the best CSP was
deduced and commented.
Keywords: Decision support · Multicriteria analysis · Solar concentration ·
CSP · SAM advisor

1 Introduction
The environmental problems caused by greenhouse gas emissions during the exploitation
of fossil fuels and the increasing demand for electricity have spurred the search for
alternative energy resources. Concentration solar technologies offer the possibility of
satisfying the world’s demand for electricity (Goetzberger and Greubel 1977, Seitz et al.
2014, Imenes and Mills 2004) but are still conditioned by the weather conditions of the
sites, the high cost of kWh and the need for optimal storage capacity (Sylvain 2007) for
continuous operation, etc.
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Making a decision usually requires the simultaneous optimization of several often
contradictory objectives. Tools such as multi-criteria analysis are therefore very useful
for the decision maker (Mena 2000, Tsoukiàs 2007). The multicriteria approach makes it
possible, based on multiple criteria and decision maker preference conditions, to choose
the best type of CSP technology taking into account a maximum of criteria. In many
new thermal plants installation projects (Stoddard et al. 2006), decision-makers are faced
with complex problems of large size and multi-purpose. To achieve these goals, effective
decisions must be made to avoid the following problems:
– The incompatibility of installation site with the type of CSP technology.
– Increased installation costs of the project.
The CoSoTIA (Concentrated Solar Technologies for Industrial Applications) project
initiated by CRTI center in collaboration with URMPE focuses on the study and development of CSP solar concentrators for industrial applications, assisted with a decision
support system.
The decision support tools for the choice of a CSP technology were applied for some
sites in Algeria; and they are used in the current study by SAM Advisor for calculations
and the comparison. The applied models of SAM integrate several informations: project
costs, site characteristics and engineering knowledge.
So, four sites in Algeria and two types of solar concentration plant were chosen and
studied.

2 Decision Support
2.1 Concept and Definition
Decision support is a scientific approach to decision problems in all socio-economic
contexts. It is a discipline that targets a broad audience ranging from business executives
to the private individual, designers and other decision makers.
Decision support can intervene and provide solutions for decision-makers at each
stage of the decision-making process (Amarache 2012). It can be defined as a “modelbased” activity, offering some answers to the questions a stakeholder asks in a decision
process. It will provide the decision-maker with solutions that can meet the decisionmaking objectives, in a complete or partial way.
2.2 Source of Decision-Making and Decision-Making Modes
• Decision-making is influenced by the individual’s personality and its values.
• Can also take its source from the function or status of the individual (for example: we
made the decision of an arbitrator).
• Experience, that is, someone who has to make decisions often will be less afraid than
the person who never takes them.
• Credible information (Documents/references/testimonials …), all the elements that
could enlighten us in our decision-making. Indeed, by the informations gathered we
will be able to make the most thoughtful decision.
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The main modes of decision-making within a group are cited as: Authoritarian,
majority, minority and unanimity. They are summarized by the schema of Fig. 1:

Decision

Authoritarian: only one member makes
decision for all.

Majority: a large subgroup makes the
decision (more than 50% of the members).
Minority: a subgroup makes the
decision

Unanimity: a vote to all the groups.
Fig. 1. Main decision modes, deduced from Vodoz (2012) and wiki/Prise_de_décision (2019).

2.3 Decision Support Process
The concept of decision support is broader than theories of decision-making, the moment
that contains both theoretical and practical contributions to the conduction of what we
call the “decision support process”. This latter is shown schematically by the Fig. 2. Also
the evaluation and analysis of past decisions is complementary to decision-making.

Fig. 2. Decision process deduced from the theory of Cyert and March (2017)

3 Introducing the SAM Advisor Code Analysis Environment
This software is a multi-model application allowing the analysis of the technical and
economic data of a project in the field of renewable energies; it is a decision-making tool
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for the choice and the selection among several competing technologies. SAM (System
Advisor Model) includes several analysis models such as thermodynamic solar power
plants, photovoltaic power plants, wind turbines, geothermal energy as well as solar
water heaters. SAM is a technical performance and financial model to facilitate decisionmaking for those involved in the renewable energy industry, such as:
•
•
•
•

Project Managers and Engineers.
Policy analysts.
Technology developers.
Researchers.

SAM makes predictions of performance and cost of energy estimates for projects.
These grid connected plant projects are based on the installation and operating costs and
system design parameters that you specify as inputs to the model. Projects can be either
the customer side of the electricity meter, the purchase and sale of electricity at retail
prices, or on the utility side of the device, the sale of electricity to a price negotiated
through a power purchase agreement.
For input variables, either use the default value or change its value. Some examples
of input variables are:
• Installation costs, including equipment purchases, labor, engineering and other project
costs, land costs, operations and maintenance costs.
• The number of modules and inverters, the type of monitoring, the factors of
decommissioning of photovoltaic installations for example.
• Collector and receiver type, multiple, storage capacity, solar power block capacity for
parabolic trough collector (PTC) sensor systems.
• Analysis period, actual discount rate, inflation rate, tax rates, target internal rate of
return, or purchase price for utility financing models.
• Building load and detail of usage time rates for commercial and residential financing
models.
• Taxes and cash incentive amounts and rates.
The multicriteria analysis based decision support system methodology follows three
main steps:
The first step consists of, after fixing all solar concentrator technologies CSPs (to be
studied and subject to choice) and the various sites to explore set by the customer or the
state; the most important criteria influencing the choice of decision are investigated and
determined.
Then, we determine the main input parameters (technical, socio-economic, …) for
the calculation of design and parametric estimation of CSPs according to the region,
which to be carried out under the SAM software.
In a second step, we proceed to the various calculations under this software and the
mathematical formulas of certain criteria. In the last step, we collect all the results to be
analyzed, then will be presented to decision-makers (client, …) with recommendations.
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4 Case Study in Algeria: Technico-Economic Evaluation of PTC
and Central Receiver Types Solar Power Plants
4.1 Evaluation of Radiometric Data
Our study is done for the following four sites in Algeria: Algiers, Batna, Bechar and
Tamanrasset. The radiometric data are summarised in the Table 1.
Table 1. Radiometric data of the studied sites
DATA

Algiers

Batna

Bechar

Tamanrasset

Time zone

GTM+1

GTM+1

GTM+1

GTM+1

Elevation (m)

25

1052

772

1377

Latitude (°)

36.72

35.55

31. 62

22.78

Longitude (°)

3.25

6.18

2.33

5.51

Direct Normal (kWh/m2 )

1446.4

1907.3

2568.9

2759.4

Global Horizontal (kWh/m2 )

1683.0

1765.4

2114.6

2364.4

Dry-bulb T (°)

17.7

14.0

21.8

22.7

Wind speed (m/s)

3.0

4.5

4.4

3.6

4.2 Technical Characteristics of Solar Power Plants
4.2.1 The Characteristics of the Parabolic Trough Collector Power Plant
The Parabolic trough collector power plant is a 30 MWe (Megawatts electric) station,
with a storage capacity of 6 hours per day (6 h/d) and it uses a heat transfer fluid that
has the characteristics indicated by the Table 2. The parameters of the solar field and
the heat-carrying fluid in the plant are issued by SAM and shown in Fig. 3, and then the
electric power with some data are shown in Fig. 4a and 4b.
Table 2. Characteristics of the heat transfer fluid of the Parabolic trough collector power plant.
Name

Type

Min of the
Optimal
temperature (°C)

Max of the
optimal
temperature (°C)

Temperature
freezing point
(°C)

Therminol VP-1

Mixture of
biphenyl diphenyl oxide

12

400

12
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Fig. 3. The parameters of the solar field and heat transfer fluid in the Parabolic trough collector
power plant.

4.2.2 The Characteristics of the Solar Tower
The 30 MWe solar tower power plant is design with 6 hours per day storage system. The
melting salt heat transfer fluid (HTF) characteristics are given in Table 3:
With all the data needed to size the tower, according to the software SAM Advisor,
the length of the tower must be 163.5 m, and about the powers of the tower see Fig. 5.

5 Results and Interpretation
5.1 LCOE (Levelized Cost of Energy)
LCOE is the total cost of installing and operating a project expressed in dollars per
kiloWatt-hour of electricity produced by the system over its lifetime.
By definition, the equivalent annual cost Cn of a project is the product of LCOE by
the amount of electricity Qn generated by the system this year (see Eq. 1):
Cn = Qn × LCOE

(1)

The costs of the project Cn include installation, operation and maintenance, financial
charges and taxes, and also account for incentives and salvage value.
The SAM performance model calculates the annual energy Qn for n = 1. For n >
1, Qn decreases year by year, so year-to-year decrease in the value of production on the
setting page performance is greater than zero.
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Fig. 4. (a) The electric Power and some data of the Parabolic trough collector power plant. (b)
Some control data of the Parabolic trough collector power plant.

Table 3. Heat transfer fluid characteristics
Name

Type

Min of optimal
temperature (°C)

Max of optimal
temperature (°C)

Temperature
freezing point (°C)

Hitec solar salt

Nitrate salt

238

593

238
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Fig. 5. The power of the solar tower plant

This Eq. (1) must be valid for all N years of the project life, and the total LCOE cost
is obtained as follow (2):
N


LCOE =

n=0
N

n=0

Cn
(1+d )n

(2)
Qn
(1+d )n

The results shown by Fig. 6 depict that the calculated LCOE for Algiers site is
the highest compared to the other sites. However, the value of this LCOE is doubled
compared to those of the southern regions (as Bechar and Tamanresset), this regardless
of the type of power plant. While, according to the type of CSP: with the tower plant
the cost LCOE is the most expensive than the Parabolic trough collector power plant,
regardless of the site.
For a better illustration of these comparative analysis results, the graphical representation of both plants through sites is (shown in Fig. 6).
5.2 Total Land Area
The total land area which is necessary for the power plants project with solar tower
trough collectors are estimated by SAM Advisor. According to the results obtained by
the calculation, we found that the surface of the tower plant is more than three times
higher than that of the parabolic trough collector power plant (Table 4 and 5), while the
total cost of the installation and the operation LCOE is close between these both projects
for the same site or region.

20

M. Aissani et al.

Fig. 6. The total cost LCOE results through the sites and the types of plant

Table 4. The total project area of the parabolic trough collector plant.
Total land area
Algiers.epw

Total land area
Batna.epw

Total land area
Bechar.epw

Total land area
Tamanresset.epw

273.329

273.329

273.329

273.329

Table 5. The total project area of the tower plant
Total land area
Algiers.epw

Total land area
Batna.epw

Total land area
Bechar.epw

Total land area
Tamanresset.epw

1029.56

1029.56

1029.56

1029.56

5.3 Annual Water Consumption
The annual water consumption is calculated by the following Eq. (3), the results with
the four case studies are presented in Tables 6 and 7 for the parabolic trough collector
and central receiver technologies respectively.
Annual water consumption (m3 ) = Cooling water (m3 )
+ Water used for washing mirrors (m3 )

(3)

According to the results obtained under SAM Advisor simulation environment, the
annual consumption of water of the parabolic trough collector power plant project is
slightly superior to that of the central tower of about 20 to 18% according to the north
or south zones. It is confirmed also by these calculations that for the same plant at the
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Table 6. The annual water consumption of the parabolic trough collector plant project (m3 /year)
Annual water
usage|Algiers

Annual water
usage|Batna

Annual water
usage|Bechar

Annual water
usage|Tamanrasset

240463

290529

413512

457929

Table 7. The annual water consumption of the tower power plant project (m3 /year)
Annual water
usage|Algiers

Annual water
usage|Batna

Annual water
usage|Bechar

Annual water
usage|Tamanresset

203526

254907

363680

381776

southern sites consume more water than those in the north; it is about less than double.
Of course, we should be aware of the scarcity and costs of water in the southern areas.
5.4 Annual Energy Production (AEP)
The Annual Energy Production AEP in kWh/year is calculated by the following Eq. (4),
the results according to the different sites studied are presented in Fig. 7, for the parabolic
trough collector (PTC) and solar tower power plants respectively.
Annual Energy (kWh/year) = Sum of hourly energy delivered
× Percentage of annual production

(4)

The annual production of energy by the cylindro-parabolic power plant project is
slightly higher than the production of the tower power plant. The max values are about
7.4% and 6%, according in northern and southern region respectively, as seen in Fig. 7.

Fig. 7. The Annual energy production through the sites and the type of plant
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6 Conclusions
The multicriteria analysis allows us to shift from a subjective decision to an objective
decision making based on several criteria.
According to the results obtained by calculations using the SAM Advisor software
and the evaluation of some main criteria, the parabolic trough collector (PTC) power
plant project performances are significantly better compared to the tower plant project,
regardless of the sites. Therefore it is highly recommended to decide to choose it.
But, when it comes to implement a CSP power plant in north Africa, soiling effects
are important, one has to keep in mind water availability in the north, and water scarcity
in the southern part even if the solar irradiation potential is important.
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