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Solar electricity for telecom infrastructure has became one of the main
contributors of electrical energy to the energy system in the future, but solar
technology needs support to find its way to the market. Since photovoltaic
(PV) electricity always involves very high costs compared to electricity from
other sources, a striking question is: how can PVs achieve competitiveness?
There are different strategies for promoting applied PV electricity generation
around the world. Here, we simulated and designed a 40 KWp injected PV
power, to evaluate the energy of the incident photon flux, produced by PV
panels and that injected into the electricity grid, and then judge whether the
installation is profitable and the technology chosen is economical. The results
reveal that the site of Tamanrasset (extreme south of Algeria) could produce
an annual energy production of 73863 kWh, justifying why the German
Academy has chosen such site for the famous desert project, lastly launched
between the two countries.
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Nomenclature

1.

Earray effective energy at the output of the array (in kWh)

E_crid energy injected into grid (in kWh)

CUF Capacity utilization factor(in %)

Effarrr efficiency of the array (Effic. Eout array /rough area) (in %)
Effsysr efficiency of the system (Effic. Eout system/rough area ) (in %)
Globinc global incident in collector plane (in kwWh/m?)

Globor horizontal global irradiation in (kWh/m?)

Globgs effective global, correction for IAM shadings (in kWh/m?)

Lc capture losses (in kWh/kWp/day)

Ls system losses (in kWh/kWp/day)

PV photovoltaic(s)

Si-Poly silicon poly-crystalline

Tamb ambient temperature (in °C)

\G Produced useful energy (inverter output in kWh/kWp/day)

INTRODUCTION

Generating electric power uses mainly fossil and fissile fuels (FFs) , and systematic use of these latter,
such as oil, coal or natural gas allows for low production costs, and leads to a massive release of polluting gases
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and green-house gases [1]. 40% of global carbon (CO2) emissions originate from FF-based electricity
generation, and nuclear energy, which does not emit directly from CO2, and generally suffers from a bad media
image because of the significant risks involved [2]-[4]. Despite the fact risks of accidents related to their
operation are very low, the consequences of an accident would be disastrous, and the treatment of waste from
this production method is very costly [5],[6]. Even though many countries (like Algeria) have today surplus
in electricity production, the future is not for FF resources, with reserves constantly diminishing and prices
fluctuate enormously depending on the economic situation. In the field of information for example, telecom
networks (TNSs). have expanded to remote areas of the country (like peaks, forests and deserts) and demand for
connectivity is growing. TNs are confronted with their non-existence in these regions and/or the instability of
the power grids (their energy sources). Diesel generators, on which telecom companies have long relied in
these regions, operate at a low level of efficiency, have become more expensive to operate and produce high
CO2 emissions [7]. Moreover, climate changes today imminently threaten the prosperity that mankind enjoy,
so as we should protect ecosystems and safeguard the biodiversity [8]. Hard efforts have been made in Algeria
to optimize energy cost by converting indoor base transceiver station (BTS) into outdoor one to eliminate the
use of air conditioner [9], installing energy efficient equipment [10] and the use of green energy sources to
power telecom sites [11]. Also, the increased deployment of renewable energies (REs), especially solar
photovoltaics (PV), that has reached historic levels, so as hydropower, biomass for power geothermal and
onshore wind can all now provide electricity competitively compared to FF-fired power generation where good
resources and cost structures exist [12-14]. Now, attributed renewable energy power capacity have record new
additions that can be to rapidly falling costs and competitiveness, particularly for solar PV and wind power
[15]. In this work, we aim to focus on the most competitive utility-scale solar PV projects in two (2)
distinguished sites : Tamanrasset (blessed with abundant radiation with clear sky) in the Algerian south, and
Tunis (north of Tunisia), in terms of ability and cost. Our goal here is to configure a PV-based system supplying
BTS in order to avoid foreign tourists getting lost in the huge desert of Tamanrasset and help them enjoy their
holydays. We have used PVsyst software [16], to determine systems behavior according to databases at
different geographical sites, as well as technical parameters of different components.

A plethoria of works have been devoted to the performance and feasibility analysis of PV-based
generation systems. For instance, V. Sharma et al. [17] carried out the performance analysis of a 190 kWp solar
PV power plant (Khatkar-Kalan, India) and found that the final yield, reference yield and performance ratio
vary respectively in the ranges 1.45-2.84 kWh/kWp-day, 2.29-3.53 kWh/kWp-day and 55-83%. Irwanto et
al. [18] analysed the performance of PV output power, and reported an efficiency of PV under/without cooling
system respectively to be 14% and 10.3%, and an efficiency of PV module of 13.05% and 10.45% for incident
irradiances of 1000 W/m2 and 200 W/m2, respectively. B. Shiva Kumar et al. [19] reported a final yield of the
plant ranged from 1.96 to 5.07 h/d, and an annual performance ratio of 86.12%, and that the plant has 17.68%
CUF with annual energy generation of 15798.192 MWh/Year. Allouhi et al. [20] carried out a performance
analysis and economical/environmental assessment of two gridconnected PV systems (in Meknes, Morocco)
and found a levelized cost of electricity (LCOE) and a payback time in the ranges 0.073-0.082 $/kWh and10—
12.69 years, respectively. Malvoni et al. [21] investigated the performance of a 960 KWP PV system (southern
Italy), and reported that the performance ratio, capacity factor, yearly average module efficiency, system
efficiency, capture and system losses were found to be 84.4%, 15.6%, 15.3%, 14.9%, and 0.6 h/day and 0.1
h/day, respectively. Pillai et al. [22] studied a 1MW PV grid connected system (in Bahrain) and reported an
LCOE of 0.0423 $/kWh (16 fils/kWh) that is 43% less than the present actual cost of a kWh of generation. M.
R. Akhtari et al. [23] adopted an innovative method to recover surplus electricity to generate heat and cut
emissions, and reported that recovering extra electricity enhance renewable fraction by up to 35% and bring
down cost of energy and exhausted CO2 by 7.1 and 10.6%, respectively. Thotakura et al. [24] presented the
performance of a megawatt-scale grid-connected rooftop solar photovoltaic (PV) plant installed on the building
rooftops of an educational institute (Andhra Pradesh, India), reported a solar PV plant supplied energy of
1325.42 MWh to the grid during the monitored period, an average mean bias error of 30.64%, and average
normalized mean bias error of 22.75%. Goel et al. [25] carried out a performance of a 11.2 kWp grid-connected
rooftop solar PV system (in Bhubaneswar, India), and found an annual energy with Meteonorm-derived data
of 9.2% and 14.75% higher than the measured value.

PVSyst software used here offers three PV system levels, corresponding to different stages of
developing a real project. The rest of the paper is organised as follows: Section 2 lists the research method used
to evaluate the performance of system, which is available for supplying TNs, as found in the literature.
Particular emphasis is given to the assessment that is found to be used in reality at a great extent as a convenient
approach. In Section 3 one of the main alternative solutions to feed mobile BTS in remote areas is discussed
with special focus on the impact of PV system sizing fed into the grid, production evaluation of the system
when injected into-grid energy, and economic estimation. Section 4 concludes the paper.
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2. RESEARCH METHOD

In this part, we aim at identifying the tool on which our investigation is based, and assessing data to
analyze the performance of the system that will feed mobile BTS in remote areas. The system designed to feed
a BTS in Tamanrasset area consists of a PV based RE as a power source, where PVsyst coordinates, measures
and accesses a PV-based system. Once area and load are characterized, BTS technicians may choose
constituents from an item database to compute the measure for each constituent.

2.1. PVSYSTEM Software

The performance of our system is based on a simulation studied by PVSYST, that establishes an
overall performance of the standalone PV system and generates the resources data for the whole year. The
output of our system is discussed via simulation tools like the potential energy resources, component sizing,
energy production from a standalone PV system, and system losses. Global radiation and temperature are key-
parameters to ensure running simulation, so that the installation solar benefits depend strongly on the yearly
sunlight intensity. The simulated model, technically sized as per the project specifications, using PVsyst
simulation tool, consists of PV modules, inverters and grid interface network [16].

2.2. Assessment and Analysis

The ideal location of Tamanrasset (As shown in Fig. 1) exhibit a highest annual global solar radiation
(Fig. 2) of 270W/m?, followed by Tunis: 206.4W/m?. Tamanrasset coordinates are 22°47'20"N and 5°31'32"E,
It is located at an altitude of 1.320 m, where very high temperatures of over 47°C have been recorded. The
inclination angles of the panels necessary for sun to fall on the periods of time and consequently give optimal
field production, allowing us to take maximum advantages of the sunlight during the day. Here, a comparative
performance study of grid tied PV-based systems in Tamarasset and Tunis sites using PVsyst is presented. The
inclination angles of the inclined planes of the two sites are set at 23° and 30°, respectively.

Figure 1. Site Locations of Tamanrasset and Tunis.
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Figure 2. Annual global solar radiation in both areas.

Since both countries are in the northern hemisphere, a best mode to direct PV panels is to the south
because solar cells are to be facing the path of sun, to obtain a highest solar radiation and much better power
production of PV panels.
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3. RESULTS AND ANALYSIS

The studied system involves mobile BTS in remote areas from six countries (mainly two among these for
comparision), and focuses on managing electricity supply/demand, and integrating decentralized energy
resources in TNs. Using PVSyst, at variance to sizing apparatus, components' kind and size are stated. It
supplies an illustrative analysis of the system, picks loads and solar power data, and models PV and electrical
components of various sizes to correspond a request.

3.1. PV system Sizing fed into the grid

The PV system sizing, taking into account the technical parameters of the modules and converter, is
shown in Fig. 3. As mentioned above, a PV generator fed into the grid has been considered, without batteries,
to supply a village of 20 households, each household has a daily consumption of 2KWh; therefore the overall
power is estimated at 40KWh. For this purpose the 29V/220W modules in Si-poly PV system, brand Zhejiang
Wanxiang WXS220S, 3KW power converter with 50Hz frequency at a voltage range of 125 to 600 V, and a
brand SMA referenced Sunny Boy SB 3300 TL HC, have been chosen. Such parameters are considered
constant for both sites: the same power, modules, and energy converters. Beside grid lines, fuse box and utility
meter, the main elements used to configure this grid-connected PV system are inverters and PV modules. These
produce DC power (current and voltages) and the inverter assures the DC-to-AC convertion. The AC inverter
has outputs supplied to grid boosted by an utility meter and a fuse box. An inverter (in grid connected PV
systems) operates in phase with the grid, and continuously produces a sinusoidal output. As for the grid
connection, it can be made from output terminals of the inverter with the connection of an utility meter and a
circuit breaker in fuse box. [26]
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Figure 3. Dimensioning grid-connected PV systems for both sites.

3.2. Production Evaluation of the system when injected into the grid
In Table 1 (summarizing results shown below), the highest annual global solar radiation and power
parameters are recorded. DC power provided by Si-poly PV arrays, injected into-grid energy the considering
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losses in electrical components, PV arrays and system efficiency are also calculated here. All computed values
mentioned in balances and main results were monthly and yearly obtained (temperature averages, efficiency
and summation for irradiance and energy are given in average values). As shown in the summary analysis
results illustrated by Table 1, a highest annual production of 73863 kWh was recorded in Tamanrasset, with a
contribution of 7042 kWh given in March. We also note that the solar radiation in July is the highest at 236
kWh/m? compared to that of 217 kwWh/m? in March, while the temperatures are respectively 28.40 and 17.40°C,
which influences the decrease in panel production and the higher collection and system losses at temperatures
above 25°C.

Table 1. Summary of monthly and annual results (Balances and main results of 39.6 kWp Si-poly PV
systems) obtained for both sites: Tamanrasset (in blue) and Tunis (in red).

GlobHor Tamb Globinc Globes EArray E_Grid Effarr EﬁSysR
(KWh/m2) (°C) (KWh/m?) (KWh/m?) (KWh) (KWh) (%) (%)

January 164/78 11.8/13.5 219.7/117.3 214.1/114.1 7052/3881  6721/3695  9.19/9.47 8.76/9.02
February 177189 13.8/13.3 217.8/119.1 212.3/115.6  6799/3872  6479/3672  8.94/9.31 8.52/8.83
March 217/140 17.4/13.1 238.2/168.2  231.9/163.6  7387/5449  7035/5184 8.88/9.27 8.46/8.82
April 223/164 21.8/14.7  219.3/171.3 212.9/166.1 6685/5521  6369/5249  8.73/9.23 8.32/8.77
May 225/208 25.4/18.2  204.5/198.3 198.1/192.3 6192/6263  5895/5956  8.67/9.04 8.25/8.60
June 234/225 28.1/21.7  203.5/204.3 196.7/197.7  6047/6297  5758/5990 8.51/8.82 8.10/8.39
July 236/237 28.4/25.3 209.7/220.0  202.6/212.9  6218/6586  5921/6263  8.49/8.57 8.08/8.15
August 219/208 27.9/26.5 208.3/210.3 202.0/204.1 6213/6341  5919/6038  8.54/8.63 8.13/8.22
September  193/166 25.9/26.5 201.9/190.0 196.4/184.6  6098/5754  5818/5478  8.65/8.67 8.25/8.25
October 187/128 22.3/21.9  218.6/168.9  213.1/1644  6714/5296  6406/5047  8.79/8.98 8.39/8.56
November ~ 148/90 18.2/17.7 188.8/137.1 183.7/133.1 5909/4401  5634/4192  8.96/9.19 8.55/8.76
December  142/75 13.8/14.80  192.7/121.8 187.4/118.4  6198/3999  5909/3808 9.21/9.41 8.78/8.95

Year 2365/1808 21.27/18.89 2522.9/2026.5 2451.2/1966.9 77511/63661 73863/60571 8.80/8.99 8.38/8.56

3.3. Normalized productions

Collection losses, system losses and produced useful energy per installed kWp/day (normalized
productions) were evaluated from the simulations, as can be seen in Fig. 4. Defined by the IEC norms [27]
such normalized productions are standardized variables to acurately assess the PV system performance. The
Collection losses (PV array capture losses), system loss, and produced useful energy (Lc, Ls and Yr) are
respectively 1.15 kWh/kWp/day, 0.21 kWh/kWp/day and 4.19 kWh/kWp/day for Tamanrasset, and 1.55
kWh/kWp/day, 0.25 kWh/kWp/day and 5.11 kwWh/kWp/day for Tunis, comparable to those of [28] (for an
educational institute, India) found to be 1.0 kWh/kWp/day, 0.1 kWh/kWp/day and 4.42 kWh/kWp/day,
respectively.

(per installed kWp): Nominal power 40 kWp Normalized productions (per installed kWp): Nominal power 40 kWp
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T T T T T T T T T
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Fig. 4. Normalized energy productions per installed kWp, in: a) Tamanrasset, b) Tunis.
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3.4. Economic evaluation

The costs of a solar PV system depends on several factors. Based on the international PV market, and
to standardize the results, we have based ourselves on European prices, as long as the Algerian market is neither
matured in this field nor administered yet, so Tunisia and Morocco follow Europe. As a result, It has found
that the overall price of our system which will be the same for all the sites considered, so that we can evaluate
the return on investment for each site following its production. The mean obtained results are so that system
productions, normalized productions, producible, Fields losses, performance indexes, and system losses are
respectively in:

e Tamanrasset: 73863kWh/year, 5.11kWh/kWc/day, 1866kWh/kWc/year, 1.55kWh/kWc/day, 0.739, and
0.25 kWh/kWc/day.

e Tunis: 60571 kWh/year, 4.20 kWh/kWc/day, 1533 kWh/kWclyear, 1.14 kWh/kWc/day, 0.756, and 0.21
kWh/kWc/day.

According to the results obtained from an economic evaluation of our system connected to the grid, we
notice that the overall net investment does not have too different values except in the case of Algiers and
Tamanrasset, which is reflected in the products imported from Europe, and also the working conditions in the
south. Then, and following the same economic evaluation and considering the annual production of the system
and the return of inversion over 20 years, it was deduced that the cost of the energy produced is the same value
of 0.16 for Perpignan and Algiers, also the same value for Tunis and Casablanca of 0.14€/kWh, the maximum
cost price per kWh is that of Frankfurt at 0.23€/kWh, while the minimum value is that of 0.12€/kWh reached
for Tamanrasset.

The analysis of the long-term financial balance sheet (Fig. 5) revealed that our system is not profitable
in Frankfurt site or a similar weather data site, because we notice that we can sell energy, but the gain amortize
the amount of the project. As for Algiers site, our system can give a positive gain in only 15 years, while in
Casablanca the return on profitable in the Frankfurt site or a similar weather data site, because we notice that
we can sell energy, but the gain investment is only 11 years. An installation in Tunis is profitable after five (5)
years, while the most fabulous is the Tamanrasset site, which has made a perfect profit since the first day of
operation. For this analysis, we considered the sales rates in Europe, Tunisia, and Morocco which are equal to
13.75 €. An accurate analysis reveals how the cost of the energy used about 0.14 €/kWh is low. As the annual
connexion tax costs 250€ with a warranty over 20 years.
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Fig. 5. Economic evaluation (financial report) of the system in: a) Tamanrasset, b) Tunis.

This techno-economic analysis of PV-based power supply system for a remote telecom mobile base
station could be of a great interest. For TNs, a PV system is an alternative for conventional standalone diesel
configuration not economically feasible due to the high cost of diesel. Such choice should have significant
effect on the operating cost of the mobile telecom operation and also environmental impact due to high CO2
emissions from the system. As a perspective, we aim configure a PV/Wind hybrid system to supply a BTS to
help tourists enjoy their holydays and avoid them getting lost in the huge areas of Tamanrasset.

4. CONCLUSION
Simulated performance of 39.6 kWp grid connected Si-poly PV system is performed using PVsyst
software (as a simulation tool). The energy production varies in Tamanrasset regarding to the power, quality
of PV module and energy converters: that is why the German Academy chosen such site for the launched
famous desert project. From this simulation and by comparing between Tamarasset and Tunis sites, these points
should be noticed:
e Annually, 73.86 MWh/year is the injected into-grid energy in Tamarasset site with specific production
on annual basis per installed kWp is 1866 kWh/kWp/year.
e A maximum of injected into-grid energy in such site found to be 7387 kWh was mentioned in March,
and a minimum energy of 5909 kWh was noticed in November.

e The planned PV system should provide operational benefits to installed BTS of TNs in Tamanrasset, and
such study can be performend by the use of different PV module technologies with appropriate
installation methods for improving performances. Finally, PV based-REs for TNs can be competitive and
may even save consumers money today and in the future.
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