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Abstract  

This work investigates measurements and simulations of a 2.25 kWp grid-connected amorphous photovoltaic 

power plant mounted on a parked car in a hot desert environment. This power station is located at applied research 

unit field (URAER), in the Ghardaia region, southern region. The simulation is carried out using PVSYS software.  

This includes evaluation of meteorological and electrical parameters performance of studied PV system such as 

reference PV system, PV array yield (YA), Final yield (YF), PV array and system losses, array and system 

efficiency, performance ratio (PR). The array nominal energy estimated at STC is 5695 kWh/year. The energy 

estimated injected into the grid is 4648 kWh/year. 

Keywords: Performance, grid connected, Measurement and Simulation, PVSYS software, hot desert environment. 

 

1. Introduction  

The use of grid-connected photovoltaic systems has been adopted more and more in the world 

during the last decade in order to meet the growing demand for electrical energy given several 

factors such as the reduced cost of solar panels as well as the maturity of this technology in 

global markets. 

The main factors influencing the efficiency of these plants are the intensity of solar radiation, 

shading, aging, degradation temperature, and storage techniques. In this context, the objective 

of our work is the study of a photovoltaic solar power plant tied to the electricity network and 

their behavior in the arid environment. 
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2. Material and method 

The article should be divided, clearly defined and numbered into sections  

2.1 PV station description 

The power plant consists of 18 amorphous silicon modules (thin films), each with a power of 

110 Wp, mounted in series in 9 branches of two modules, two inputs 150 V, 15 A and one 220 

V 50 sinusoidal single-phase output in Hz. this plant, covering a total area of 23 m² and inclined 

at 32 ° toward the south, ensures the full injection of the electricity produced into the URAER's 

inner network (see Fig 1). This achievement is part of the research work of the Applied Research 

Unit in Renewable Energies (URAER) affiliated to the Center for the Development of 

Renewable Energies. 

 

 

Fig 1. A PV sation installed in Applied research unit Ghardaia 
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In order to evaluate the overall performance of the solar power plant, it is necessary to 

understand the main technical specifics of the photovoltaic array and the inverter (see Table 1 

and 2). 

Table 1. PV module technical specifications 

PV Module  : Micromorphe (a-Si/μc-Si) thin film 

Inventux Solar technologies 

Type X3-125 

PV module power 127 Wp 

PV Voltage (Vmp) 127  V 

PV current  (Imp) 1.01 A 

Short-circuit current (Isc) 1.22 A 

Open-circuit voltage (Voc) 168  V 

 

Table 2. Sunny Boy SB 3000TL-20 inverter specifications 

SB 3000TL-20 Inverter 

Max DC power 3200 W 

Max DC voltage 550 V 

PV voltage range, MPPT (UPV, 

max) 

125 V – 440 V 

nominal voltage 188 V – 440 V 

Max input current (IPV, max) 17 A 

Number of MPP trackers 1 

Max number of strings 2 

 

I-V and P-V characetrestic at different irradiation and at difirrent temeperature are depicts in 

Figure 2 and 3 respectively. 
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Fig 2. I-V and P-V characetrestic at different irradiation 

 

Fig 3. I-V and P-V characetrestic at different temperature 
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In recent literature, there are several models and methodologies that propose to assess and 

predict PV output power. Empirical models using experimental data on specific tests such as 

irradiation and temperature [10][11]. 

𝑃 = 𝑃𝑠𝑡𝑐𝜂𝑠𝑡𝑐𝐴[1 − 𝛿(𝑇𝑐 − 25)]        (01) 
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Fig 4. Calculated and measurement DC output power (PV array) on clear day and cloudy day 
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Fig 5. Calculated and measurement AC output power (inverter) on clear day and cloudy day 

2.2 PV system performance analysis using PVsys software 

To carry out an evaluation of the performance of the PV system tied to the study network, the 

international standards IEC 61724 by the International Electrotechnical Commission which 

defined the parameters were adopted. The most essential parameters include (see Table 3). 

1- DC& AC energy 4- Efficiency  

- PV field efficiency 

- Inverter and system efficiency du  

 

2- Yield 

- Reference yield (YR) 

- Array yiel PV (YA)  

- Final yield (YF) 

 

5- Capacity factor (CF)  

 

3- Energy loss 

- Array loss (LC)  

- System loss (LS), 

 

6- Performance ratio (PR) 
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Table 3. The performance indicators of photovoltaic plants 

Performance indice Expression Units Equation Reference 

Energy output 

• Daily (𝑬𝑨𝑪,𝒅) 𝐸𝐴𝐶,𝑑 = ∑ 𝐸𝐴𝐶,𝑡
24
0   kWh/kWp/day (06) [01] 

• Monthly (𝑬𝑨𝑪,𝒎)  𝐸𝐴𝐶,𝑚 = ∑ 𝐸𝐴𝐶,𝑑
24
0  kWh/kWp/day (07) [02] 

Energy yield 

• Reference yield (𝒀𝑹) 
𝑌𝑅 =

𝐻𝑡(
𝑘𝑊ℎ

𝑚2 )

𝐺 (
𝑘𝑊

𝑚2)
  

kWh/kWp/day (08) [03] 

• Array yield(𝒀𝑨) 𝑌𝐴,𝑑𝑎𝑦 =
𝐸𝐷𝐶,𝑑𝑎𝑦

𝑃𝑝𝑣,𝑟𝑎𝑡𝑒𝑑
  

𝑌𝐴,𝑚𝑜𝑛𝑡ℎ =
1

𝑁
∑ 𝑌𝐴,𝑑𝑎𝑦

𝑁
𝑑=1   

kWh/kWp/day (09) [04] 

• Final yield(𝒀𝑭) 
𝑌𝑅 =

𝐻𝑡(
𝑘𝑊ℎ

𝑚2 )

𝐻𝑟 (
𝑘𝑊

𝑚2)
  

kWh/kWp/day  (10) [05] 

Efficiency 

• PV module efficiency 

(𝜼𝑷𝑽) 
𝜂𝑃𝑉 =

𝑃𝐷𝐶

𝐺.𝐴
(%)  (%)  (11) [06] 

• System efficiency 

(𝜼𝒔𝒚𝒔) 
𝜂𝑠𝑦𝑠 =

𝑃𝐴𝐶

𝐺.𝐴
     (%)  (12) [07] 

Energy loss 

• Array capture loss (𝑳𝑨) 𝐿𝐴 = 𝑌𝑅 − 𝑌𝐴 

KWh/kWp) 

 

kWh/kWp/day (13) [08] 

• System loss (𝑳𝑺) 𝐿𝑆 = 𝑌𝐴 − 𝑌𝐹 KWh/kWp) kWh/kWp/day (14) [09] 

• Temperature loss (𝑳𝑻) 𝐿𝑇 = 𝑌𝑅[(1 − 𝛼(𝑇𝑐 −
25)]  

𝑇𝐶 = 𝑇𝑎 +
(𝑇−20)

800
𝑥𝐺  

kWh/kWp/day (15) [10] 

• Miscellaneous capture 

loss (𝑳𝑪𝑴) 

𝐿𝐶𝑀 = 𝐿𝐴 − 𝐿𝑇  kWh/kWp/day (16) [11] 

Capacity utilization factor 

(𝑪𝑼𝑭) 
𝐶𝑈𝐹 =

𝐸𝐴𝐶

𝑃𝑃𝑉,𝑟𝑎𝑡𝑒𝑑×8760
   kWh/kWp/day (17)  

Performance ratio (𝑷𝑹) 𝑃𝑅 =
𝑟𝑒𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ)

𝑡ℎ𝑒𝑜𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ)
  

𝑃𝑅 =
𝑌𝐹

𝑌𝑅
  

(%) (18) [7][8] 

 

These indicators are generally used for define the overall performance of the system. Also, they 

provide precise information on the energy production of the PV system taking into account: 

Solar resources, energy production and all effects of system losses (Fig 6). 
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Fig 6. Energy conversion chain of grid connected PV system 

3. Results and discussion  

Simulation of grid connected PV system by PVSYS software is shown in Figure 7,8 and 9. 

 

Fig 7. Grid connected System:Simulation parameters 
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Fig 8. Grid connected System: Main results and losses 
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Fig 9. Grid connected system: Economic evaluation 

4. Conclusion  

In this work, the measurements and simulation outcomes of 2.25 kWp grid-tied PV station, 

carried under real outdoor desert environmental conditions, are discussed. The energy is 

injected into internal grid. The PV station is mounted on the roof of a parking at the URAER, 

Ghardaia applied unit, located in Algeria. The array nominal energy estimated at SRC is 5695 

kWh/year. The energy estimated injected into grid is 4648 kWh/year. The performance ratio is 

80.2 % and the energy cost is 0.11 euro/kwh. The simulation results confirmed the feasibility 
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of installing this type of system in the Algerian Sahara. This work can be used as a guide to 

wish to install PV station, particularly in arid and semi-arid regions. 
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