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Abstract

Worldwide, the demand for electrical energy in the residential sector is increasing year
after year due to demographic, economic and urban development. This is accompanied by
an increase in fossils fuels resources consumption and consequently negative environment
effect. Demand-side management approach (DSM), energy efficiency, and renewable
energy is a set of concepts that can help to reduce electricity demand are the key and
actual solutions. Recently, a rooftop photovoltaic system (RTPVS) is an attractive
alternative electricity source for households, their potential at any given location can be
evaluated through simulation software and tools. This paper deals with the potential
assessment of the rooftop grid-connected PV system under the weather conditions of
Algiers (36°45,2 N, 3°3,5 E) in the north and Tamanrasset (22°47,4 N, 5°31,2 E) in the
south of Algeria. A system of 5 kWp is simulated under various tilts angle from 0 to 90
degrees to find the optimal tilt one. Assessment of system energy yield, performance ratio
(PR), capacity utilization factor (CUF) and specific energy (SE) are carried out,
calculated and analyzed. Simulation results show, that 30° and 15° are respectively the
optimal tilt angle for Algiers and Tamanrasset, which gives the high values of analyzed
parameters. As a comparative analysis, the potential of the rooftop PV system at the
Tamanrasset area is higher than in the site of Algiers. The average annual energy, PR,
CUF, and SE of the simulated system was found to be (9681 kWh-7251 kWh) (78%-80%),
(22,1%-16,55%), and (1936,2 kWh/kWp-1450,2 kWh/KWp) for Tamanrasset and Algiers,
respectively.

Keywords: Rooftop photovoltaic system (RTPVS), tilt angle, solar cell, performance
ratio, capacity utilization factor, demand side management, energy efficiency.

1. Introduction

Fossil fuels such as coal, oil and natural gas are currently the world's main source of
energy. They will continue to produce 80% of the world's energy until 2030. Successive
oil shocks since the 1970s have demonstrated the risks of producing energy based on
fossil fuel resources, as their growing consumption leads to the depletion of the world's
resources in addition to environmental problems such as increasing CO, emissions and
global warming. To this end, great attention has been given to the promotion of energy
generation from renewable energy sources, in particular solar photovoltaic (PV) [1-3].
Because solar photovoltaic has a number of advantages such as it is clean, renewable,
easy to maintain, scalable in size and reliable in operation [3].

Power generated from solar photovoltaic cells (PV) is an ideal option for generating
renewable power which is suitable for various applications by directly converting incident
solar radiation into electricity for households, villages electrification, grid supply, and
water pumping, or by using concentrated solar power (CSP) [4], with one of these two



main traditional categories of connection: grid-connected without battery or also called
grid-tied systems and stand-alone (off-grid) systems with storage (see Figure 1) [5, 6].
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Figure 1. Schematic diagram of PV grid-connected and off-grid systems [6].

From the literature and worldwide, there are various applications of solar energy to
meet energy needs such as in grid supply [3, 6], water pumping [8-10], domestic
applications [11-13], industrial sector [14], university campus [15], building rooftop PV
system [16, 17] and schools [18]. The performance study and feasibility analysis of these
systems are carried out either on an experimental basis or by means of a simulation
approach.

Based on the literature, and to the best of our knowledge, in Algeria, there are no
detailed studies about rooftop PV systems feasibility assessment and analysis, especially
for residential application. However, this paper focuses on and presents the feasibility
analysis of 5 kW residential rooftop grid-connected photovoltaic systems based on the
simulation approach is carried. Two sites in northern and southern of Algeria are
examined as a case study, i.e. Algiers and Tamanrasset. As the performance of the solar
power plant depends on several factors, energy production, tilt angle, performance ratio,
and capacity utilization factor are addressed and analyzed.

Following the introduction of Section 1, the remainder of this paper is structured
as follows: Section 2 presents the trend and penetration of photovoltaic energy in
the world and in the Algerian context. Section 3 discusses the need for renewable
energy and load management, as well as the residential application of a rooftop grid-
connected PV system. Section 4 presents the case study, a methodology, selected
areas description, and its solar resource assessment. Various parameters used in the
analysis are also provided. The simulation results with the complete system analysis
for both sites are presented in Section 5, and Section 6 gives the conclusion of this

paper.

2. Photovoltaic Energy Trend and Penetration

Electricity is a daily necessity in various fields and applications, its consumption is
increasing and evolving rapidly. According to the report of the International Energy
Agency, in 2016 more than 25,000 TWh were produced worldwide compared to 15,500
TWh in 2000, noting that more than 60% of the world's electricity in the same year is
generated from fossil fuels [19].

As mentioned above, population growth, the need for sustainable energy, concerns
about CO, emissions, the benefits of green renewable technologies for the diversification
of supply resources, all these lead to a rapid worldwide growth of solar PV system
applications, and even for other types of renewable energy, but in 2016, PV solar energy
increased faster than all other energy sources [20, 21]. According to the Statistical Review
of World Energy and IEA agency, it is estimated that global solar electricity generation
has grown exponentially from 7.9 TWh in 2007 to about 442.6 TWh in 2017, representing
1.3% of all electricity with 320,000 GWh in 2016 compared to 990 GWh only in the 2000
year [19, 22]. According to the International Energy Agency (IEA), in 2018 the global



cumulative solar energy capacity has seen the largest increase ever recorded, increased by
181 GW (added) to reach around 508 GWp, and will surpass 1100 GWp by the end of
2023 according to the same report, as shown between 2008 and 2018 in Figure 2 [8, 24].
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Figure 2. Trends of global solar energy capacity [24].

Regarding about photovoltaic energy in the Algerian context, as many countries in the
world, Algeria with its large area and weather diversity has a high potential of solar
energy particularly in the Saharan, i.e. the southern regions [25] is committed to the
promotion of the renewable energy programs launched in 2011 by the Ministry of Energy
and Mines to preserve its fossil resources for the future generations and also contribute to
reducing CO, emissions [26]. The details of the Algerian potential in terms of the solar
resource is given in Table 1 [27].

Table 1. Solar potential in Algeria [27].

Areas Coastal area | High plains | Sahara
Surface (%) 4 10 86
Area (km®) 95.27 238.147 | 2.048.297
Mean daily sunshine duration (h) 7.26 8.22 9.59
Average duration of sunshine (h/year) 2650 3000 3500
Received average energy (KWh/m?/year) 1700 1900 2650
Solar daily energy density ((KkWh/m?) 4.66 5.21 7.26

The program of renewable energies in Algeria to reach a rate of 27% of the national
production of electricity from renewable sources with the objective of installing a
capacity of 22,000 MW by 2030 will be done in two phases as follows: 2015-2020 which
aims to install 4,525 MW, and the second phase of 2021-2030 to achieve the rest.
Environmentally, this program will lead to a reduction of more than 18% in CO,
emissions by 2030. The evolution of the contribution of renewable sources to the national
electricity production is shown in Figure 3, the program of renewable energy development
in Algeria shared on the phases as are illustrated in Figure 4 [28, 29].
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Figure 3. Trend to 2030-renewable energy contribution program in Algeria.
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Figure 4. Phases of the Algerian renewable energy program by sector [29].

3. Rooftop Grid-Connected PV System for Residential Application

An increase in global energy demand has been observed as a result of economic
activity development and certainly as a result of population growth. In the Algerian
context, the residential sector is currently one of the major contributors to the national
energy balance. According to the Algerian company of gas and electricity distribution
Sonelgaz, electricity consumption grows very quickly in Algeria, i.e. was 64.6 TWh and
is expected to reach at least 75 TWh in 2020 and 130 TWh in 2030 [30].

Following the increase in demand from Sonelgaz customers, particularly households,
whose total number of subscribers exceeded 9.6 million at the end of 2018, compared
with 9.2 million at the end of 2017 (+4.6%), which led to an increase in electricity
consumption by 4.9% to reach 13.9 Mtep. In addition, a significant increase is observed in
the consumption of the "Households and other" sector from 13.2% to 22.4 Mtep, driven
by the residential sub-sector with 17.6% [31]. Algerian energy consumption by sector for
the year 2019 is shown in Figure 5, where the household and other sector presents the
highest percentage (46,6%), followed by the transport and industry sector with 31.7% and
21.7%, respectively.
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Figure 5. Electricity consumption by sector in Algeria in 2019.

In 2030, energy consumption will be 63 Mtep (growth of 3,5%), and in the case of
energy control policy, the growth is only 2.6% (52 Mtep). However, Algeria's energy
needs are covered almost exclusively by hydrocarbons, i.e. about 90% of electricity is
produced mainly by power plants using natural gas [33]. So, for this sector, energy
efficiency and demand side management activities (DSM) have significant potential in
Algeria as shown in Figure 6. To minimize energy consumption, the implementation of
demand side management, energy efficiency measures and the adoption of renewable
energy sources are the two basic strategies according to the author in [34].
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Figure 6. Energy consumption perspective in Algeria [32].

Nowadays and due to its positive characteristics (low maintenance cost, does not
produce pollution and it is easy in terms of installation and use), photovoltaic (PV)
systems are widely used to produce electricity in order to achieve an energetic mix that is
adopted by various financial support programs such as feed-in tariffs policy and subsidies.

The integration of photovoltaic systems (PVs) at the low-voltage level (LV), such as in
communities, on rooftops, in micro-grid applications and distributed generation systems is
one of the most popular applications of this technology [34, 35]. More than 40% of the
total PV capacity is integrated into the LV distribution grids as domestic rooftop systems
[35]. Installing this type of solar PV system on residential roofs can make sound
economic sense: offsets the need to purchase peak time electricity from the grid, it
reduces carbon emissions and puts unused rooftop space to good use, and ensure their
energy independence.

Demand side management (DSM) or load management represents all the actions that
can lead the consumer to modify the volume of consumed energy and/or the time of its
consumption, through improving energy efficiency and the optimal allocation of power
sources for public service and consumer benefit. DSM is a solution that targets
commercial, residential, and industrial customers, and is developed for demand reduction
or demand shifting at a specific time for a specific duration [4].

As shown in Figure 7, six specific load objectives generally associated with DSM
concept which are classified into two main objectives namely energy efficiency (EE) or
strategic conservation which involves a reduction in overall energy consumption, and load
management (LM) including load shifting strategies, peak shaving, and valley filling

techniques [36].
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Figure 7. Typical load curves of demand side management concept [36].




Renewable energies (PV, wind, solar rooftop, etc), and PV self-consumption and on-
site generation are some of the most used means in this concept. The energy exchange and
interaction between the customer that uses the rooftop PV system and the utility grid are
illustrated in Figure 8.
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Figure 8. Energy consumption and generation from rooftop PV grid connected system.

4. Case Study and Methodology

As already mentioned in the introduction, the objective of this paper is the
investigation and analysis of the technical feasibility of a residential rooftop grid-
connected solar energy system by means of the simulation approach. The system of 5 kW
based amorphous silicon (a-Si) is simulated in two different weather conditions of
Algeria, one in the north (Algiers) and the second one in the south area (Tamanrasset).

The configuration of the rooftop grid-connected PV system and its components, the
system description, detailed information for both sites, and the parameters analyzed,
including energy production, performance ratio, and capacity utilization factor, are
presented in detail as follows. The design of the system under consideration, i.e. a rooftop
grid-connected system, consists of four main components as follows.

e Solar PV array uses a specific technology of PV cells connected in series and parallel
to absorb and convert sunlight directly into DC power.

¢ Grid-connected DC/AC inverter that converts direct current (DC) from PV generator
to alternating current (AC) supplied to the load and/or to the utility grid with the
ability to synchronize with the grid frequency.

e Protection devices, grid connection safety equipment, and energy monitoring system
(net-metering, circuit breaker...).

¢ Distribution grid and customer electrical load.

The schematic of the rooftop grid-connected PV system is shown in Figure 9. In this
configuration, the owner of the photovoltaic system can save money by producing and
sending more electricity to the power grid and receives energy from the grid when there is
no photovoltaic generation, such as at night or on cloudy days. Net metering is the process
of calculating the amount of electricity sold and/or purchased into/from the utility grid.

4.1. Description of study area

In this paper, two sites Algerian were selected as study locations, these cities include
Algiers in the north and Tamanrasset in the south with a desert climate and higher solar



radiation. The specific information of the two sites and locations on the map of Algeria
are shown in Table 2 and Figure 10, respectively. The detailed information of the
simulated rooftop grid-connected PV system in terms of orientation used solar cell
technology, system capacity, and tracking mode are summarized in Table 3. In addition,
eight tilt angles (from 0 to 90 degrees) were compared to select the best one.
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Figure 9. Rooftop grid connected PV system configuration.

Table 2. Detailed sites information.

Locations
Country Algeria
Site name Tamanrasset Algiers
Coordinates (Latitude, Longitude) 22°474 N, 5°31,2 E 36°45,2 N, 3.3,5 E
Average solar irradiation 5.90 kWh/m*/day 4.773 kWh/m*/day
Annual air temperature at 2 m 23.16 -C 17.81-C
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Figure 10. Sites locations on Algeria maps, (1) Algiers area, (2) Tamanrasset site.




Table 3. Technical details of the simulated system

Installed power 5 kWp

Installation type Rooftop grid connected

Type of modules Amorphous silicon (a-Si), Efficiency 14.9%
Mounting system Fixed mounting

Tilt angles 0°, 15°, 30°, 45°, 60°, 75° and 90°.
Orientation of PV generator South (180-)

Customer type Residential

Auvailability 95.0%

Albedo 20%

4.2. Solar resource assessment

The assessment of the solar potential on-site is a critical step in the development of a
solar energy system. Meteorological data for the two locations (Algiers and Tamanrasset)
including solar irradiation (kWh/m?/day), clearness index and ambient temperature (°C),
are obtained from the National Aeronautics and Space Administration database (NASA)
after providing the geographical coordinates of the selected sites (see Table 2) [37]. The
average monthly solar radiation data for Algiers and Tamanrasset are illustrated in
Figures 11 and 12, respectively. The monthly profile of ambient temperature is shown in
Figure 12.
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Figure 11. Monthly average global horizontal irradiance at Algiers location.

As shown in Figure 11, the solar irradiation for the Algiers region ranges between a
minimum of 2.15 kWh/m%day (December) and a maximum of 7.2 kWh/m?%day (Juan),
whereas the annual average solar irradiation is 4.773 kWh/m%day. The clearness index
varies from 0.492 to 0.632 with an annual average value of 0.573.
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Figure 12. Monthly average global horizontal irradiance at Tamanrasset.

The same for Tamanrasset location, the highest irradiation is possible in July (7.18
kWh/m?/day), and the lowest irradiation is seen in December month (4.09 kWh/m?day).



And 0.61, 0.652 are the minimum and maximum values of the clearness index in this
region.
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Figure 13. Monthly average ambient temperature data.

An average annual solar irradiation and clearness index is about 5.90 kWh/m?/day and
0.636, respectively. From Figure 13, the ambient temperature at Tamanrasset is higher
than in the Algiers site, having the annual average is 23.16°C and 17.81°C, respectively.

4.3. Analyzed parameters

The electricity generation and rooftop solar photovoltaic system operation depend on a
number of factors such as solar radiation, ambient temperature, tilt angle, solar cell
technology used and shading, etc [38]. The objective of this analysis is summarized in
these points:

e To assess the potential of solar resources in the north and south of Algeria country.

¢ Discussion of the role of the rooftop PV system as a means of load management in a
residential application, its optimized design, advantages and influenced parameters
on the system.

e Predict the performance of a 5 kW residential rooftop grid-connected solar PV
system on two different sites (Algiers, Tamanrasset).

e The system performance comparison between the two locations based on a number
of selected parameters including solar resource, energy production, performance ratio
and capacity utilization factor of the system.

The simulation process followed during this research includes the following steps:
Selection of study locations (Algiers and Tamanrasset).

Monthly average global horizontal solar radiation estimation

Determination of the PV generator size that is estimated in relation to the
consumption of a residential application.

Selection of the PV cell technology to be used in the system.

The setting of system parameters (tilt angles, azimuth and tracking options, etc.).
Defining the parameters to be analyzed (energy vyield, PR, utilization factor).

Run the simulation.

Finally, obtain simulation results, then analysis and discussion.

4.3.1. Tilt angle

In solar photovoltaic systems, the angle at which the PV generators are mounted is
called the tilt angle, which is dependent on the geographical location of the system,
seasonality, shade conditions, etc. The tilt angle has an important role in the system
performance, must be calculated and maintained optimal to maximize the collection of



solar radiation. According to the literature, the tilt angle is optimal when it is equal or
close to the latitude of the corresponding location [39]. In this paper, the system is
simulated with different tilt angles from 0 to 90 degrees in order to see its effect and to
determine the optimal one.

4.3.2. Solar cell technology

In terms of solar cell technologies, there are three main categories in the solar energy
market, namely crystalline silicon, thin-film solar cells, and multi-junction solar cells. The
crystalline Silicon c-Si PV technology consists of two main types, polycrystalline silicon
(poly c-Si) and mono crystalline silicon (mono c-Si) [40]. For the second generation, the
two main types are and Copper Indium Gallium Deselenide (CIGS) and the cadmium
telluride (CdTe) technologies. Silicon PV modules have the highest portion among the
commercialized technologies and dominates the worldwide solar PV market, i.e.
accounting for almost 95 % in 2017 according to Fraunhofer Institute for Solar Energy
Systems (Fraunhofer Institute for Solar Energy Systems, 2018), however, the rest
represents all thin-film technologies, i.e. 5% of the total annual production [23]. In this
paper, amorphous silicon (a-Si) solar cell technology is used in this simulated rooftop PV
system.

4.3.3. System energy yield

The total alternative energy production (Eac) is defined as the amount of power
generated by the rooftop PV system over a given period of time. The hourly, daily and
monthly photovoltaic energy output can be calculated respectively as in the following
equations [41].

60
EAc,h :ZEAC,’[ (1)
ZEACh ?)
h=1
N
Z 3)

Where; Eacy, EAC,h, EAc,d and Eac mare the AC energy output at time t (in min), the hourly,
daily and monthly AC energy output and N is the number of days in a month.

4.3.4. Performance ratio (PR)

The performance ratio (PR) is one of the most important factors in the feasibility
analysis of solar systems. The PR is defined as the ratio between the AC output power
(monthly and/or yearly) and the maximum possible DC generated power at system rated
capacity (nameplate capacity), i.e. also the ratio between the nominal installed rated
power and the incident energy [3]. The PR formula is given by the Eqg. (4).

EP (month/year) @
P.s *S (Month/year)

Where; EP in (KWh) is the actual monthly or yearly produced energy, S is the equivalent
sun hours of the month or year and P4 is the nameplate capacity of PV system.

PR (month/year) =

4.3.5. Capacity utilization factor (CUF)

The capacity utilization factor is defined as the ratio between the two terms, the
produced AC energy by the rooftop PV system over a given period of time and the energy
that would have been generated if the system is operated at full capacity (nominal power)
over during the same specific period. The CUF is given by the following equation (5)
[42].
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Where; P is the capacity of rooftop PV system in (Wp) and H is the number of operating
hours in on day/month/year.

E

4.3.6. Specific energy [KWh/KWp]
The specific energy (SE) in [KWh/KWop] is an indicator of the energy generation from
the PV system based on the available irradiation [43].

array ,STC

Where; Eac is the AC energy production, Paray, stc iS the energy output (yield) of power
plant.

In this configuration of the rooftop grid-connected PV system, there is an exchange of
energy between the customer and the grid operator, i.e. purchase and sale of energy. The
net energy purchased can be calculated using Eq. (66).

NEP = Z Energy purchased ,i Z Energy sold i (7)
i=1 i=l

Where, NEPw, in (KWh) is the net energy purchased, Energy purchased,i and Energysoig, i in
(kwh) are respectively the energy purchased and the energy sold in the month i, and n is
number of months.

5. Results and Discussions

Simulation results and discussions are given in this section for the two selected sites,
Algiers and Tamanrasset in Algeria country. The results are analyzed with a focus on the
system energy yield, performance ratio (PR), capacity utilization factors, the influence of
the tilt angle on these indices is also examined.

5.1. Results for Tamanrasset location

The annual variation of the AC energy (Eac) produced by the system, the annual
variation of PR and the capacity utilization factor as a function of tilt angles for the site of
Tamanrasset are given in Figures 14, 15 and 16, respectively.

From Figure 14, the system energy yield is variable and increases with the variation of
the tilt angles from 0 degree up to an angle of 30 degree, then it decreases with the other
tilt angles, i.e. 45°, 60°, 75°, and 90°. The minimum energy Yield of the system always
corresponds to the tilt angle of 90 degree with 5088 kWh/year. On the other hand, the
maximum annual energy output is generated when the PV panel is tilted at a tilt angle of
15°, i.e. 9681 kWh.

glzuuu
=4.10000
= & o107 9646496351 pep
£ 8000 ¥ 5038
=
Afiag
2 6000 *
e % 5033
& 4000
2
£ zooo
Sz
= 0
a0 75 60 45 30 15 0
Tilt angle (Degres)

Figure 14. Annual system energy yield at Tamanrasset location.
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Figure 15. Performance ratio variation at Tamanrasset location.

The performance ratio (FR) at the Tamanrasset site has two values 77% and 78%, the
maximum annual average performance ratio (PR) of 78% is seen for tilt angle of 0°, 15°,
30°, 45 and 60 degree.
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Figure 16. Capacity utilization factor for Tamanrasset site.

From Figure 16, we find that the tilt angles of 15 and 30 degrees gives a better results
in term of capacity utilization factor with 22.1% and 22.01%, respectively. However, the
minimum values of PR and CUF are observed when the system is tilted at an angle of 90
degree.

5.2. Results for Algiers location

Similarly, the results for the case of Algiers are about the same as those of Tamanrasset
in term of tilt angle effect, the energy produced by the rooftop photovoltaic system varies
as a function of the variation in the tilt angle, and ranges from a minimum of 4301 kWh to
a maximum of 7251 kWh. As shown in both Figures 18 and 19, the same behavior is
observed for PR and CUF. The average annual value of performance ratio of the rooftop
PV system for this location varies between a minimum of 77% and a maximum of 80%
for the tilt angles of 90 and 30 degrees, respectively.
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Figure 17. Results of energy production at Algiers location.
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Figure 18. Performance ratio at Algiers location.

The same for CUF at this location, which varies depending on the tilt angle, between a
minimum and maximum of 71% (90°) and 80% (30°), respectively. As a summary, for
the site of Algiers in the north, the tilt angle of 30 degree gives the best results in terms of
system productivity, performance ratio and capacity utilization factor, i.e. 7251 kWh,
80% and 16.55%, respectively. However, the minimum of all these parameters is
achieved when the rooftop PV system is vertically mounted.
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Figure 19. Average capacity utilization factor for different tilt angles.

5.3. Annual energy output comparison

Comparative performance analysis of the proposed rooftop PV system at Algiers and
Tamanrasset is examined in this section based on the energy yields (kWh/year) and
specific energy (kWh/kWp) as shown in Figures 20 and 21, respectively.
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Figure 20. Energy yields comparison at Algiers and Tamanrasset.

From Figure 20, electricity production is always higher for the case of Tamanrasset
compared to the Algiers site for different tilt angles, which is justified by the greater solar
radiation potential in the south than in the north. The difference in electricity generation
between the two sites is estimated at 2671 kWh/year, 2600 kWh/year, 2395 kWh/year,



2060 kWh/year, 1640 kWh/year, 1159 kWh/year and 787 kWh/year for the tilt angle 0°,
15°, 30°, 45°, 60°, 75°, and 90°.
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Figure 21. Results of specific energy for both locations.

The same is observed for the results of specific energy, it is higher in Tamanrasset than
in Algiers, the maximum is found 1936.2 kWh/kWp and 1450.2 kWh/kWp for a tilt angle
of 15 and 30 degrees, respectively for Tamanrasset and Algiers locations, while the
minimum is obtained when the PV generator is vertically mounted with 1017.6 KWh/kWp
and 860.2 KWh/kWp for Tamanrasset and Algiers, respectively.

6. Conclusion

With the continuous growth of electric energy consumption and the worldwide
problem of climate change, load management, and renewable energy, especially
solar energy has emerged as a better environmentally friendly option. In this paper,
the technical feasibility analysis of a rooftop grid-connected PV system of 5 kWp
based amorphous silicon (a-Si) technology for residential application is carried out
through the simulation approach. The study requires a set of procedures starting
with the site selection, availability of solar resources and their assessment,
component selections, design and study of influencing parameters. Algiers and
Tamanrasset are two sites in Algeria chosen as case studies. The proposed rooftop
grid-connected PV system analyzed using several technical factors including,
system energy yield, performance ratios, capacity utilization factor, and specific
energy. Based on the simulation, the best results for the site of Tamanrasset are
obtained at a tilt angle of 15 degrees with an energy yield, a performance ratio (PR)
and a capacity utilization factor (CUF) of 9681 kWh, 78% and 22.1%, respectively.

For Algiers site, the annual average energy yield of the system is 2406 kWh, the
annual average values of CUF and PR are 16,55% and 80%, respectively. Noted that
the maximum of all these results is obtained at a tilt angle of 30 degrees. In terms of
comparison between the two sites, Tamanrasset presents a higher result than Algiers
thanks to its considerable solar potential.

Finally, given the solar potential at both selected sites and based on the
simulation results of this proposed rooftop grid-connected photovoltaic system, this
technology presents a feasible integrated solution for electricity supply and electric
load management, particularly in the domestic application and then to diversify and
create a clean energy mix in Algeria.

References

[1] BP, 2010, “BP Statistical Review of World Energy,” in: https://www.bp.com. (Accessed 20-01-2020).

[2] P. Sudheer, M. Saravanan, S. Ashmad, M. M, Babu, G. Abhishek, “Performance improvement in 100
KW Photovoltaic grid connected system with Firefly intelligent method under Constant, different


https://www.bp.com/

(3]

[4]

[5]

(6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]

[25]

irradiation and temperature conditions”, International Journal of Advanced Science and Technology.,
vol. 28, no. 19, (2019), pp. 45-65.

A. Ramadana, V. Elistratov, “Techno-economic evaluation of a grid-connected solar PV plant in Syria”,
Applied Solar Energy, vol. 55, no. 3, (2019), pp. 174-188.

J. Lin, T. Liao, B. Lin, “Performance analysis and load matching of a photovoltaic— thermoelectric
hybrid system”, Energy Convers Manage., vol. 105, (2015), pp. 891-9.

A. Allouhi, R. Saadani, M.S. Buker, T. Kousksou, A. Jamil, M. Rahmoune, “Energetic, economic and
environmental (3E) analyses and LCOE estimation of three technologies of PV grid-connected systems
under different climates™, Solar Energy., vol. 178, (2019), pp. 25-36.

K. R, Khalilpour, A. Vassallo, “Techno-economic parametric analysis of PV-battery systems”,
Renewable Energy., vol. 97, (2016) , pp. 757-768.

C. E. B. Elhadj Sidi, M. L. Ndiaye, M. El Bah, A. Mbodji, A. Ndiaye, P. A. Ndiaye, “Performance
analysis of the first large-scale (15 MWp) grid-connected photovoltaic plant in Mauritania”, Energy
Conv and Manag., vol. 119, (2016), pp. 411-421.

A. Allouhi, M. S. Buker, H. El-houari, A. Boharb, M. Benzakour Amine, T. Kousksou, A. Jamil, “PV
water pumping systems for domestic uses in remote areas: Sizing process, simulation and economic
evaluation”, Renewable Energy., vol. 132, (2019), pp. 798-812.

M. Errouha, A. Derouich, S. Motahhir, O. Zamzoum, N. El Ouanjli, A. El Ghzizal, “Optimization and
control of water pumping PV systems using fuzzy logic controller”, Energy Reports., vol. 5, (2019), pp.
853-865.

A. Mohammedi, D. Rekioua, N. Mezzai, “Experimental study of a PV water pumping system”, J.
Electrical Systems., vol. 9, no. 2, (2013), pp. 212-222.

C. Dondariya, D. Porwal, A. Awasthi, A. K. Shukla, K. Sudhakar, S.R. Murali Manohar, A. Bhimte,
“Performance simulation of grid-connected rooftop solar PV system for small households: A case study
of Ujjain, India”, Energy Reports., vol. 4, (2018), pp. 546-553.

I. Laib, A. Hamidat, M. Haddadi, N. Ramzan, A. G. Olabi, “Study and simulation of the energy
performances of a grid-connected PV system supplying a residential house in north of Algeria”, Energy.,
vol. 152, (2018), pp. 445-454.

A. Haffaf, F. Lakdja, D. Ould Abdeslam, R. Meziane, “Photovoltaic customer generation as a concept of
demand side management”, Electrotehnica, Electronica, Automatica (EEA)., vol. 67, no. 1, (2019), pp.
13-20.

R. Boudries, A. Khellaf, A. Aliane, L. lhaddaden, F. Khida, “PV system design for powering an
industrial unit for hydrogen production”, International Journal of Hydrogen Energy., vol. 39, no. 27,
(2014), pp. 15188-15195.

R. Sharma, S. Goel, “Performance analysis of a 11.2 kWp roof top grid-connected PV system in Eastern
India”, Energy Reports., vol. 3, (2017), pp. 76-84.

N. Alnaser, “First smart 8.64 kW BIPV in a building in Awali Town at Kingdom of Bahrain. Renew.
Sustain”, Energy Rev., vol. 82, (2018), pp. 205-214.

K. Attari, A. Elyaakoubi, A. Asselman, “Performance analysis and investigation of a grid-connected
photovoltaic installation in Morocco”, Energy Reports., vol. 2, (2016), pp. 261-266.

I. Ibrik, F. Hashaika, “Techno-economic impact of grid-connected rooftop solar photovoltaic system for
schools in Palestine: a case study of three schools”, International Journal of Energy Economics and
Policy., vol. 9, no. 3, (2019), pp. 291-300.

IEA, “Key World Energy Statistics”, IEA, France., (2018).

IEA, 2017, “Renewables 2017: Analysis and Forecasts to 2022”, IEA, France., (2017).

T. Adefarati, G.D Obikoya, “Techno-economic evaluation of a grid-connected micro-grid system”,
International Journal of Green Energy., (2019), DOI: 10.1080/15435075.2019.1671421.

BP, 2018, “Statistical Review of World Energy”, in: https://www.bp.com/en/global/corporate/energy-
economics/statisticalreview-of-world-energy.html. (Accessed 20-01-2020).

Fraunhofer Institute for Solar Energy Systems, 2018, “Photovoltaic report”, Available
at:<http://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Photovoltaics-
Report.pdf>. (Accessed 22-01-2020).

REN21, “Renewable 2019 global status report. REN21 Secretariat”, https://www.ren21.net/wp-
content/uploads/2019/05/gsr_2019_full_report_en.pdf, (Accessed 23-01-2019).

H. Maammeur, A. Hamidat, L. Loukarfi, M. Missoum, K. Abdeladim, T. Nacer, “Performance
investigation of grid-connected PV systems for family farms: case study of North-West of Algeria”,
Renewable and Sustainable Energy Reviews., vol. 78, (2017), pp. 1208-1220.



[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

[43]

MEM, 2011. Ministry of Energy and Mines, “Renewable Energy and Energy Efficiency Program”.,
Algerian Ministry of Energy and Mines, March 2011, Available on line at: http://www.mem-
algeria.org/, (Accessed 22-01-2020).

A. Bouraiou, A. Necaibia, N. Boutasseta, S. Mekhilef, R. Dabou, A. Ziane, O. Touaba, “Status of
Renewable Energy Potential and Utilization in Algeria”, Journal of Cleaner Production., (2019),
119011.

Ministry of Energy Algeria, “Bilan ¢énergétique national, année 2015”. June 2016. In
http://lwww.energy.gov.dz/francais/uploads/2016/Bilans_et_statistiques_du_secteur/Bilan_Energetique_
National/Bilan_Energetique_National_2015.pdf

Z. Abada, M. Bouharkat, “Study of management strategy of energy resources in Algeria”, Energy
Reports., vol. 4, (2018), pp. 1-7.

SONELGAZ, “Development Program, Algiers, 2015 in http://www.sonelgaz.dz/?page=article&idb=3.
Bilan Energétique National Année 2018, Edition 2019,
https://www.energy.gov.dz/Media/galerie/benational_2018-edition-2019_5dac85774bcel.pdf,
(Accessed 25-01-2020).

M. Smail, “Energy Week 2012, in Proc. 2012 VAASA 19-13”, Finland. March, (2012).

N. Khraief, M. Shahbaz, H. Mallick, N. Loganathan, “Estimation of electricity demand function for
Algeria: Revisit of time series analysis”, Renewable and Sustainable Energy Reviews., vol. 82, (2018),
pp. 4221-4234.

Z. Liu, A. Li, Q. Wang, Y. Chi, L. Zhang, “Performance study of a quasi grid-connected photovoltaic
powered DC air conditioner in a hot summer zone”, Applied Thermal Engineering., vol. 121, (2017), pp.
1102-1110.

International Energy Agency IEA, “Snapshot of Global PV Markets”, IEA 2014, Available on Online at:
http://lwww.iea-pvps.org/fileadmin/dam/ public/report/technical/PVPS report-A Snapshot of Global PV -
1992-2014.pdf. (Accessed on 23-01-2020).

Tiganasu C., Nemes C., Munteanu F., Munteanu D,. Scinteie C. , “The load management concept
applied on the residential sector”, International Conference on Electromechanical and Energy Systems
(SIELMEN), Craiova, Romania, 9-11 Oct, IEEE, 10.1109/SIELMEN.2019.8905817, (2019).

NASA Surface Meteorology and Solar Energy. http://eosweb.larc.nasa.gov/sse/. (Accessed 10-01-2020).
R. Opoku, K. M. Darkwa, A. S. Muntaka, “Techno-economic analysis of a hybrid solar PV-grid
powered air-conditioner for daytime office use in hot humid climates—A case study in Kumasi city,
Ghana”, Solar Energy., vol. 165, (2018), pp. 65-74.

F. M. Kouhestani, J. Byrne, D. Johnson, L. Spencer, P. Hazendonk, B. Brown, “Evaluating solar energy
technical and economic potential on rooftops in an urban setting: the city of Lethbridge, Canada”,
International Journal of Energy and Environmental Engineering., vol. 10, (2019), pp. 13-32.

M. Mathew, J. Hossain, “Analysis of a grid connected solar photovoltaic system with different PV
technologies”, Proceedings of International Conference on Circuits and Systems (ICCS 2017), IEEE.,
(2017), pp. 264-269.

L. C. de Lima, L. de Araljo Ferreira, F. H. B. de Lima Morais, “Performance analysis of a grid
connected photovoltaic system in northeastern Brazil”, Energy for Sustainable Development., vol. 37,
(2017), pp. 79-85.

I. H. lbrik, “An overview of electrification rural areas in Palestine by using micro-grid solar energy”,
Cogent Engineering., vol. 6, (2019), 1638574.

Y. Kifle, B. Khan, J. Singh, “Designing and modeling of grid connected photovoltaic system (case
study: EEU Building at Hawassa City) ”, Int. J. Convergence Computing., vol. 3, no. 1, (2018), pp. 20-
34.


https://www.energy.gov.dz/Media/galerie/benational_2018-edition-2019_5dac85774bce1.pdf
https://ieeexplore.ieee.org/xpl/conhome/8897056/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8897056/proceeding
https://doi.org/10.1109/SIELMEN.2019.8905817



