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Nomenclature:

PV Photovoltaic

Yf Final Yield (Kwh/Kwp)

PR Performance ratio(%)

CUF Capacity utilization factor(%)
STC Standard Test Conditions

SPV Photovoltaic system

PC-Si Polycrystalline silicon

MC-Si Monocrystalline silicon

CIS Copper indium selenium
CIGS Copper indium gallium selenide
a-Si Amorphous silicon

BAPV Building attached photovoltaic
Eac Energy generated (Kwh)

Ebc Solar radiation (Kwh)

Prated Power rated (Kwp)

DB Distribution

Eff Efficiency
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Abstract:

Photovoltaic systems are becoming increasingly popular world wild and that’s reflect
the current trend in Palestine. A 22 residential Photovoltaic systems located in a Palestinian
village (Rujeib) have been analyzed in terms of performance and safety, with a total capacity
equals to 195kWwp, and 28° tilt angle oriented to the south. The study shows that the mean
values of the final yield, Performance ratio and the Capacity utilization factor of the systems
are 1507.32 kWh/kWp, 72.87% and 17.79% respectively. The performance results of the
systems are also compared with the simulation values obtained from PVsyst software with a
margin of error in the PR equals to 7% from the measured values. Compared to PV plants in
county near to Palestine, and particularly a PV plants in Jordan and Syria, the analyzed
systems have an acceptable overall performance. A number of recommendations was

proposed to improve the safety and the performance of the systems.
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Chapter 1

Introduction

Energy History

If we start back in 1800 we see that nearly all of the world’s energy was produced from
traditional biomass (essentially burning wood and other organic matter). The world was using a
small amount of coal. The expansion into oil consumption didn’t begin until around 1870. Two
decades later it was followed by natural gas and hydroelectricity. By 1900, coal consumption had
increased significantly, accounting for almost half of global energy (the other half remaining

biomass, since oil, gas and hydroelectricity remained small).

By the mid-20 th century, coal overtook traditional biofuels and oil was up to around 20
percent. By 1960 the world had moved into nuclear electricity production. Finally, today’s
renewable energy sources such as solar energy, wind energy and bioenergy are relatively new,
not appearing until the 1980-90s. Other renewable sources, such as geothermal and marine

technologies, have not been included because levels of production are so small.

In 2015, the world consumed 146,000 terrawatt-hours (TWh) of primary energy- more
than 25 times more than in 1800. But it is often today’s energy mix, rather than levels of
consumption that people find surprising. While the expectations were that the renewable energy
sources cover a huge amount of global energy consumption, In fact their total contribution

remains small in the consumption [1].

Investment and the production of renewable technology is growing, as the following chart

shown:
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Figure 1:Global energy consumption, 1800-2015.

Electricity consumption growth in the residential sector in Palestine

The energy consumption for the residential sector constitutes is the largest part of the
total electricity consumption in Palestine (61%)[2], and it is showing a steady increase through
the past years due to three main reasons, one is the dramatic population growth in Palestine as a

whole (see Figure 2). In the West Bank only, the number of Palestinian inhabitance has reached
around 2.90 million at the end of 2015 [3].
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Figure 2: Population growth in Palestine.




Secondly, is the need to find an alternative to fuel for heating the residential sector, due to
the increase in its price over the years. For example the price for gasoline in Palestine increased
from 0.86 US dollars/liter in 1998 to 1.54 US dollars/liter in 2016 growing at an average annual
rate of 7.58% [4], while the price of electricity remained almost the same, which the cost of
consumption in kWh is around 0.6 NIS, which made it the alternative to the gas people were
looking for. Thirdly, global warming that led to an increase in the temperatures in Palestine, that
clearly shown in figure (3) the calculated trend-line indicates an overall increase in the past
years[5]. This pushed people to use air conditioners in their homes attempting to reaching a

comfortable living environment.
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Figure 3: Mean annual temperature in Jerusalem (1964-2011)

The annual electricity consumption per capita (kWh/Capita) increased from 1048.0 in
year the 2014 to 1148.7 in the year 2018. The increasing demand and scarcity in conventional
sources have triggered the scientist to pave way for the development of research in the field of

renewable energy sources especially solar energy.

Due to the recent promotion of solar energy and an attempt to break free from the Israeli
occupation’s grip on electricity, the Palestinians have tended to take advantage of the sun’s

energy, although they were among the pioneers in the use of water solar heaters, Photovoltaics
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have started to spread recently compared to previous years. However, Its prevalence is still

limited.

Even though the annual sunny days in Palestine equal 300 days, with average solar
radiation equals 5.4 kW per day[6], There are still uncertainties and a lack of control over solar
resources. Due to this, it always tends to support Photovoltaic systems with stable systems or
ones which we have partial control on, such as diesel generators, batteries, or connect them
directly to the grid, and because of the high cost of the first two options, the third option is the

most widespread in Palestine.

Objectives:
As the share of solar electricity continues to grow in the global electricity mix, It
becomes necessary to study the performance of existing systems and analyze them to improve

their performance and the performance of new systems. The focus of this project was on:

e Understand the electricity consumption situation in Palestine.

e Evaluate the performance of 22 systems installed in Rujeib, Palestine.

e Comparing them with systems from neighboring countries and with simulated
values.

e Study the safety aspects for the 22 systems.




Chapter 2

Literature Review

The performance of various photovoltaic systems

M. Sidrach-de-Cardona and LI. Mora Lo"pez [7] studied a 2.0 kWp photovoltaic system
that has been installed at the University of Ma'laga, Spain to examine the grid-connected
photovoltaic system under the Southern Spain climate. The mean daily output was 7.4 kWh
while the performance ratio was found to be 64.5%. Then an optimization on the final yield and
the performance ratio of the system has been done to remove the influence on the system yield of
losses due to problems in the grid, the optimal PR then was 67.9%.

Emmanuel Kymakis et al. [8] evaluated the 171.36 kWp grid-connected photovoltaic
park of C. Rokas SA in Sitia, Crete, by studying it for a year in all respects. During the project
study period, the average annual energy output was 1336.4 kWh/ kWp, and the annual
performance ratio (PR) of the system was 67.36%.

B. Shiva Kumar and K. Sudhakar [9] studied a photovoltaic power plant of 10MW in
Ramagundam, India. that operating at a seasonal tilt. The different types of losses were
calculated so as the performance ratio was found to be 83%, and was compared with simulation

values from the Posit and PV-GIS software.

Jayanta Deb Mondol et al. [10] performance of 12kWp grid-connected photovoltaic
system was made during three years, and it has been analyzed on an hourly, daily and monthly
basis. The annual average monthly performance ratios for the three years were 0.60, 0.61, and
0.62, respectively.

S. Bouacha et al. [11] monitored a 9.5 kWp photovoltaic grid-connected system for 3
years in Algeria. And although it was the first photovoltaic grid-connected system in Algeria its

performance is still considered satisfactory as it was found to be equal to 70%.

M. Drif, P.J. Pe'rez et al [12] made a performance analysis of a grid-connected
photovoltaic system of 200 kWp at Jae'n University, Spain. They obtained unsatisfactory PR

values due to a consequence of the existing problems with different junction boxes of some
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modules (failures in 42 modules), and to improve the project performance, the defective part of

PV generators which was responsible for the reduction of PR was replaced.

Lutero Carmo de Lima et al. [13] studied the performance analysis of a 2.2 kWp
photovoltaic system installed at the State University of Ceard, Fortaleza, Brazil, for a year. The
performance ratio and the annual energy yield were 82.9% and 1685.5 kWh/kWp respectively.

Priya Yadav et al. [14] simulated a proposed photovoltaic system for Hamirpur,
Himachal Pradesh, India, by using the predicted climate conditions for the site, and the design of

the system using the PVsyst program. And the PR was found to be 72.4%.

F. Fairouz et al. [15] A performance evaluation of the first 85.05 kWp and 21.6 kWp
copper indium gallium selenide (CIGS) thin-film, grid-connected PV systems on the roof of two
schools in Kuwait were studied for 12 months. The effect of continuous surface cleaning has also
been studied. The annual average daily final yields of the PV systems in this study were 4.5 kW
h/kWp/day, and the performance ratio was maintained between 0.74 and 0.85.

Mete Cubukcu and Harun Gumus [16] studied a grid-connected photovoltaic (PV) power
plant of 2130.7 kWp rated power installed in the eastern part of Turkey. A simulation of the

plant data was also done to compare the results, the PR of the plant was found to be 81.15%.

Xinfang Wu et al. [17] presented the performance of the first home-based grid-connected
roof-mounted building attached photovoltaic (BAPV) system in Shanghai, China for three years,
With a simulation of the plant data was also done to compare the results in the PVsyst software.
The average annual and average daily outputs are 3189.13 kWh and 8.74 kWh. The predicted
yearly energy output is 3220.21 kWh by software of PVsyst.

Climate effect on solar system performance
Studies have proven that climate affects the performance of solar systems, and this is

shown in the following studies:

M. Shravanth Vasisht et al. [18] monitored the effect of seasonal changes on a 20 kWp
Solar Photovoltaic system was created to conduct this study in Bangalore, India. The average
Performance Ratio (PR) of the system was around 85%. It was confirmed that the PR depends on

the climatic changes from one season to another, As it directly depends on the efficiency of the
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system, and the efficiency of the system directly depends on the temperature of the modules. In
summer, the SPV modules attain maximum efficiency at Tmog = 45°C , but in winter, it is at 55
C. The efficiency decreases by 0.08/C while the temperature increases more than 45 °C in
summer. While the efficiency is not affected much in the winter when the temperature increases
more than 55 °C, this is due to the automatic cooling due to the wind and the low temperatures in

winter.

Sebastijan Seme et al. [19] a performance analysis of 3326 solar systems was made in
Slovenia under different climate conditions. The performance was found to be 68.84% and it
mainly depends on the proper inclination and azimuth angle of the photovoltaic modules,
shadings, and snow barrier. Due to that, the study shows that PR reaches its highest rates in the
winter and declines to its lowest in the summer because of the negative effect of temperature on

the efficiency of the system.

Emilio Ghiani and Fabrizio Pilo [20] worked on comparing two PV power plants in Italy.
as the results showed, in general, that the highest value of the PR was in the winter season while
the worst value of it was in the summer, and by comparing the two plants together, the second
PV Plant had a lower PR value due to the worse azimuth angle and the higher impact of the
ambient temperature. As the average PR value of the first and the second PV power plants were
87,3% and 83,2% respectively.

L.M. Ayompe et al. [21] monitored a 1.72 kWp photovoltaic system installed in Dublin,
Ireland for a year. To obtain the following parameters: final yield, reference yield, array yield,
system losses, array capture losses, cell temperature losses, PV module efficiency, system
efficiency, inverter efficiency, performance ratio, and capacity factor. Where the system
efficiency and performance ratio was 12.6% and 81.5% respectively. With a comparison of the
system’s performance in Ireland with other systems in other cities, it was found that the station’s
performance in Ireland was higher due to the low insolation levels, high average wind speeds,

and low ambient temperature.

Mahmoud Dhimish [22] made a comparison between the performance of photovoltaic
solar systems in terms of the PR values in Scotland, Ireland, and England. and found that the

values were more reliable in Ireland and England compared to those located in Scotland. And it




found out that the system degradation was highest in relatively cold regions due to cold climate

conditions, and heavy snow affecting the system.

Bing Guo et al. [23] monitored a photovoltaic system in Qatar in terms of cleaning the
dust from the surface of the modules where it was found that on the average over the seven
months, the PV performance loss due to soiling was 0.0042+/-0.0080 per day for modules
cleaned every sixth month, and 0.0045+/-0.0091 per day for modules cleaned every second

month.

Different technologies effect on solar system performance
The performance of the different systems varies according to the material from which the

cells are made, which has been proven by numerous studies such as

Ramanan P et al. [24] compared the performance of two technologies (polycrystalline
silicon (p-Si) and copper indium selenium (CIS) arrays) under hot and humid conditions in Tamil
Nadu, Southern India. It has been found that the yearly average performance ratio was 78.48%
for p-Si and 86.73% for CIS. An analysis of the data was also done on the PVsyst software to
simulate the performance of the system and compare it from actual values.

Elias Urrejola et al. [25] studied the effect of soiling and sunlight on the performance
ratio of different photovoltaic technologies (polycrystalline, monocrystalline array, thin-film
system array), exposed outdoors for two years in Santiago, Chile. The yearly degradation of the
arrays system due to the high soiling in Santiago was found to be 1.29% for the polycrystalline
array, 1.74% for the monocrystalline array, and 2.77% for the thin-film system array. And a
weather correction was made on the PR to be 75% for all technologies. The study showed that
continuous cleaning contributes effectively to maintaining the effectiveness of the systems, and

the best methods of cleaning were studied.

Vikrant Sharma et al. [26] made a performance comparison between different solar
photovoltaic technologies (p-Si, HIT, a-Si arrays) under similar outdoor conditions were made,
and the PR rating of HIT and a-Si arrays are found to be about 7% higher as compared to p-Si

PV array under the almost outdoor conditions.




Muhammad Anser Bashir et al. [27] compared the performance of the three most
common solar photovoltaic technologies used in Taxila, Pakistan (monocrystalline,
polycrystalline, and single junction amorphous silicon) during the winter months, The study
showed that the performance of the three types decreased with the increase in the temperature of
its back surface, but the monocrystalline photovoltaic module showed higher monthly average

module efficiency among them all.

Nitin Kumar [28] made a comparison of different Photovoltaic technologies
(monocrystalline, polycrystalline, amorphous silicon, and CIS) in terms of effectiveness, each
with a capacity of 10Kw at Hamirpur Himachal Pradesh, India. A simulation of the data was
done on the PVsyst software to compare the results. And the results show that CIS technology
performs considerably better than the other three technologies in terms of energy output,

performance ratio, capacity factor, and economics.

Arechkik Ameur et al. [29] compared the performance of different Photovoltaic
technologies of (amorphous silicon (a-Si), Polycrystalline silicon (pc-Si), and Monocrystalline
silicon (mc-Si)) grid-connected systems, that generating around 2 kWp each, in Morocco. And
the obtained results showed that polycrystalline technology is the most cost-effective technology

for the region of Ifrane.

Surface inclination and orientation effect on solar system performance

Jayanta Deb Mondol et al. [30] using validated TRNSYS simulations the effect of surface
inclination and orientation on its performance was studied. the particular location and system
studied, the maximum annual PV efficiency, the inverter efficiency, the PR and the system

efficiency were for a south-facing surface with an inclination of 20°.




Chapter 3
Methodology

Definitions

1. Performance indicators:

There are many parameters to indicate the system performance such as array yield, PV
module efficiency, inverter efficiency, system efficiency, final yield, Performance ratio,
and the capacity utilization factor. These normalized indicators act as key comparators for
comparing the performance of the existing grid-connected PV systems. And the last three

indicators will be used in this project.

The final yield is the time taken by the PV to generate energy (Es) with respect to
its nominal power capacity, and its unit is KWh/kWp. Consequently, it depends on the
total production, which in turn depends on the composition of the structure, the location of

the system, and other influences.

The performance ratio is the ratio of the total energy produced from the system
(when on-grid) or the useful energy produced (when off-grid), to the energy which would
be produced if the system was continuously working at its nominal STC conditions.
Taking into account environmental factors (temperature, irradiation, etc.), and including

all the losses that might affect the system.

The capacity utilization factor is the percentage of actual output over the rated
output that the system can output if the system is running daily without interruption.
Therefore, it is suitable for continuously operating plants more than renewable energy
systems, because most of the renewable energy systems work with variable input making

the system intermittent[31].

However, The performance of Photovoltaic modules refers to Standard Test
Conditions (STC), which does not always represent the real performance of the modules.
Due to that, a lot of corrections have been created to improve system performance
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prediction under real weather conditions. As Juwi Inc [32] proved that module
temperature adjustment provided the closest match between modeled and measured

performance.

The rise in the ambient temperature increases the temperature of the cells and thus
negatively affects the system production. While increasing wind speed positively affects
system productivity. Therefore, calculating the PR in isolation from climate change does

not necessarily increase the PR, but rather gives more stable values throughout the year.
2. PVsyst software:

It is a software for designing and simulating photovoltaic systems. It is used for
project development and for giving a predictive view of the system’s functioning. The
program contains a meteorological database for different regions around the world, with
the ability to manually enter this data, and some inputs must be provided to the program to
obtain results in the form of a complete report that contains charts and tables for the

progress of energy production and losses during the year [14]. The main inputs are:

1. Location
2. Tiltangle
3. Module and Inverter Specification
4. Solar Radiation Variation
5. Azimuth Angle
Case study

One of the villages that installed a several photovoltaic systems in Palestine is Rujeib.
It is located southeast of Nablus, with 4,500 residents, according to 2017 statistics. With a
latitude, longitude and altitude almost the same for all the systems (32.18°, 35.2°, 530 m)

respectively.
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Figure 4: A satellite Photo of Rujeib Village

A 22 system located in a different location in Rujeib has been evaluated, oriented to
the south with tilt angle equals to 28°, and 195 kWp in total. The smallest system capacity is
equal to 5 kWp, and the largest one is 40Kwp, located on top of residential buildings. Using a
varies types of PV array with different power rated, and panels number as defined in Table
(1). And a varies types of inverters as well, as defined in table (2).

Table 1: Photovoltaic Specifications

No. of System | Powerg,eq | No. of Panels PV type Eff./module area
1 385 18 JA solar 19.54
2 365 28 Sunket 19.08
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3 385 15 JA solar 20.61

4 375 30 JA solar 20.07

5 325 20 Q.power 16.74

6 330 16 Q.power 19.59

7 330 16 Q.power 17

8 335 32 Asrtonergy 19.77

9 410 12 CS3W 18.57

10 385 30 JA solar 19.54

11 400 15 Trinasolar 19.49

12 400 12 Q.power 17

13 335 30 Asrtonergy 19.36

14 385 10 JA solar 19.54

15 400 15 Trinasolar 19.49

16 390 13 Philadelphia 19.57

17 330 16 Yingli solar 17.03

18 410 12 CS3W 18.57

19 410 12 CS3W 18.57

20 410 87 Cnadian solar 19.93

21 410 16 CS3W 18.57

22 400 12 Trinasolar 19.49

23 440 14 CS3W 17.49

Table 2: Inverter Specifications
No. of system | System Capacity | Inverter Capacity | No. of inverters Inverter

1 14 10 1 ABB
2 12 10 1 ABB
3 6 5 1 INGECON
4 10 10 1 pmﬁ;t
5 7 6 1 ABB
6 5 5 1 pﬁﬁgg}t
7 5 3.7 1 p:f;:ﬁ;t
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8 10 10 1 pmﬁ;t

9 5 5 1 ABB

10 14 10 1 ABB

11 6 5 1 HUAWEI

12 5 6 1 ABB

13 10 10 1 pms;t

14 5 5 1 INGECON

15 6 5 1 ABB

16 5 5 1 Sungrow

17 5 5 1 HUAWEI

18 5 5 1 SUNGROW

19 5 5 1 SUNGROW

20 40 20 2 pﬁﬁﬁgnt

21 1 ABB

22 5 1 HUAWEI

23 1 Sungrow
Calculations

The data for the total energy generated was collected once for the twenty-three
systems on the same day. Therefore the Final Yield was calculated for each system separately

taking into consideration the time each system was installed in.

Eac

- P Pv(rated)

Yf

Since Eg is the total energy generated by the system in (kWh), and the P is the power
rating for the panels of the system (kWp).

The total in-plane incoming solar radiation was also calculated separately for each
system by summing up the incoming solar radiation for all the months since the system has
been installed until the total energy generated has been collected depending on the following

data in table (3) for the total in-plane solar radiation in Palestine.
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Table 3: Solar radiation in Palestine

Month Jan Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec

Total in-plane Solar
radiation/month (kWh) 99 |120.6 | 172 |208.2 | 2409 | 249 |257.3 | 225 |213.9| 158 | 120.2 | 93

(Enc)

The Performance Ratio then has been calculated for each system based on the past calculations,

using the following equation:

_Yf )

PR =
EDC
Where the Epc is the summation of the solar radiation for each month from the beginning of the

insallation of the system, until the data collected.

The Capacity Utilization Factor (CUF) is another common indicator to judge the performance

of grid-connected PV systems.

Y
CUF = - ! X 100% ®)
operating hours

The mean values then were calculated to make the comparing task easier. However, one system

was excluded from the aggregate calculations due to a major flaw in that system.

Based on the systems information, data analysis has been made for each system separately using
the PVsyst, and the reports of the systems are attached in appendices (1). Also, safety measures

were evaluated at the sites.
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Chapter 4

Results and Discussion

1. Performance

Table (4) represents the monitoring period for each system which is varying from
2-25 month, and the Photovoltaic technologies used for each system which shows that
only 34.7% from the photovoltaic systems used Monocrystalline-silicon and the rest was
Polycrystalline-silicon, it also shows the energy produced from each system as well as the
Yf, the PR, and the CUF. As can be seen from table (4), system number 7 has the lowest
PR and CUF (11.59%, 2.76%) respectively. This is due to an obvious flaw in the design, it
has been used as a 3.7 kW inverter with a 5 kWp system capacity. The inverter plays an
important role in the overall electricity production. Therefore, when an inverter smaller
than the size of the system is placed, the system will not take advantage of the maximum
solar energy the photovoltaics can absorb, and it will lead to a lot of losses.

Excluding system number 7 the mean values of the Yf, PR, and the CUF for the
remaining 22 systems were (1339.17 kWh/kWp, 65.86%, 15.76%), where three of them
were under the nominal range of the PR for a new PV system that lays between 60-90%
[33], and only one system was around 3% greater than 90%, which may be possible when
the shading minimalized and when using highly efficient components [34].

Table 4: Performance inductors values
g/gie?: MSQr'itgéed PV type csaﬂf;:?y (k\ENaCh) (k$E7Lvafp) PRY% CUF%
(month) (kWp)
1 21 MC-Si 6.93 21783 3143.29 80.11 20.78
2 21 MC-Si 10.22 33543 3282.09 83.65 21.70
3 21 MC-Si 5.775 | 15171 | 2627.013 66.95 17.37
4 14 MC-Si 11.25 17334 1540.8 64.97 15.28
5 16 PC-Si 6.5 13217 2033.38 74.12 17.65
6 17 MC-Si 5.28 12111 2293.75 77.27 18.73
7 16 PC-Si 5.28 1680 318.18 11.59 2.76
8 6 MC-Si 10.72 7357 686.28 64.29 15.88
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9 7 PC-Si 4.92 3520.9 715.63 54.36 14.19
10 22 MC-Si 11.55 35132 3041.73 74.26 19.20
11 3 MC-Si 6 1095.7 182.61 49.18 8.45
12 25 PC-Si 4.8 19092 3977.5 90.21 22.09
13 5 MC-Si 10.05 6318 628.65 77.59 17.46
14 21 MC-Si 3.85 11091 2880.77 73.42 19.05
15 6 MC-Si 6 5524.4 920.73 86.25 21.31
16 5 MC-Si 5.07 3717 733.13 90.49 20.36
17 2 MC-Si 5.28 784.35 148.55 69.66 10.31
18 6 PC-Si 4.92 4250 863.82 80.92 19.99
19 6 PC-Si 4.92 4203 854.26 80.02 23.72
20 7 MC-Si 35.67 34221 959.37 72.87 19.08
21 4 PC-Si 6.56 2918.4 444.87 76.02 15.44
22 5 PC-Si 4.8 2125.5 442.8125 54.65 12.3
23 5 MC-Si 6.16 4682 760.06 93.81 21.11
Mean - - - - 1507.32 72.87 17.79

In order to compare the quality of the 22 systems in Rujeib, Palestine, it was
compared with two grid-connected PV plants in two neighboring cities (Syria and Jordan)
as shown in table (5). The first plant is in Syria that installed in November.2010
containing 45 modules with a rated power of 90 W each and a fixed tilt angle equals to
35°. The measured data from the Syrian plant showed that energy produced in the third
year of operation was 6177 kWh with a Yf and a PR equals to (1525 kWh/kWp and
88.2%) respectively, which is (1.17% and 15.33) larger than the Yf and the PR in
Palestine respectively. The CUF was 17.4 in Syria which was almost the same but only
0.39% lower than the CUF value in Palestine [35].

The second plant is in Jordan that is 276kWp and with 10° and 15° tilt angles. It
has been installed in 2014, and the performance was made for the first year of installation
and the energy production is found to be 476467 kWh, and the Yf was 1639 kWh/kWp
which is 8.73% larger than the YT in Palestine, as well as the PR and the CUF that was
(87.5% and 18.7%) in Jordan that were (14.63% and 1%) higher than the values in

Palestine respectively [36].
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Table 5: Comparison between with systems in near countries

Country YT (KWh/kWp) PF% CUF%
Palestine 1507.32 72.87 17.79
Jordan 1639 87.5 18.7
Syria 1525 88.2 17.4

Whilst the simulated PR values from the PVsyst ranged between 76%-83% with a
mean value equal to 81.9% (excluding system number 7 again because the program did
not accept it due to the small size of the inverter) as shown in details in table (6). The
mean value of the simulated values was 7.67% larger than the mean measured value
which is still an acceptable range due to many reasons. Firstly, in the field, the system
holds many losses that the PVsyst does not take into considerations such as the different
types of shadows that we cannot anticipate, like clouds and living creatures as birds or
their droppings and the accumulation of large layers of dust on the surface of the PV
modules especially with the absence of awareness about the importance of the constant
cleaning of the PV modules, and although there are some factors that can be predicted, it
cannot be predicted exactly such as the ambient temperature and the irradiation as there
are changing from year to year but still have a direct effect on the performance of the
system. Secondly, the margin of error in the PVsyst itself, as the PVsyst shows
inaccuracies from 1-2% for the yearly yield and the same inaccuracies percentage for the

shadow losses [37].

Table 6: Comparison with the simulated values

No. of system PR% (Calc.) PR% (PVsyst)
1 80.11 80.7
2 83.65 77.3
3 66.95 83.5
4 64.97 82.6
5 74.12 82.9
6 77.27 82.5
7 11.59 -

8 64.29 83.2
9 54.36 82.7
10 74.26 82.1
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11 49.18 76
12 90.21 81.3
13 77.59 83.1
14 73.42 83
15 86.25 80.1
16 90.49 83.4
17 69.66 83.9
18 80.92 81.7
19 80.02 83.3
20 72.87 83.3
21 76.02 82.7
22 54.65 83.39
23 93.81 81.1
Means 74.32 81.99

2. Safety:

Apart from the productivity and performance of the systems, there are problems
with most systems in terms of safety, as figure (5) shows the manifestations of systems
safety. For instance, all systems contain no solar warning signals (on the entrance, panels,
or chasses), nor lightning rods, which is often placed in the top of the buildings to attract
lightning bolts to provide a safe path to ground the electricity so that it does not damage
the building. Also there are obvious problems with grounding in all systems as there are
14 with no grounding systems at all, and three of the rest do have grounding but with no
ability to measure it due to a layer of cement that covers the electrode, while the remaining
five systems have a grounding system, but the electrode resistance is more than five ohms.
What worth mentioning is that grounding a system limits the voltage potential to the
ground on the grounded conductor, which may come from contact with higher-voltage

lines, lightning strikes, and the like.
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Figure 5: Manifestations of systems safety

Also, 20 out of 22 of the systems their solar cells attached to the chassis with a
rusted metal as shown figure (6) and the remaining two systems do not even attach to the
chassis but with screws as shown in figure (7).

Figure 6: Chassis-modules support probleml
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Figure 7: Chassis-modules support problem?2

It is noticeable that 19 out of 22 from the systems did not strengthened the welding
areas in the structures with an extra metal as shown in figure (8). Also, the welding areas
were very rusty. The last two problems are considered as weak link methods, that produce
a lean structure can be easily broken in difficult weather conditions (like strong storms) or

any strong blows on the structure.

Figure 8: Welding support problem

Access to the system is very important for cleaning and repairing the systems when
needed, so a safe path leads to the system must be provided. However, 9 out of 22 systems
have no safe paths leading to the system. In addition, the crossed power lines pose a
potential danger even if they are covered with an insulating material, as the passage of
high voltage through them in certain cases causes a rise in the temperature of the wires
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and may leads to melt the covering material and cause electrical fault and fires. However,

there are 18 out of 22 systems have crossed power lines as shown in figure (9).

Figure 9: Crossed wires problem

Distribution boards should be installed in a safe place to reduce the possibility of
falling and be well-covered in a waterproof board to prevent short circuits. Along with
potentially melting wires and causing power to go out, a short circuit can also lead to the
development of an electrical fire. These fires can do extensive damage to the building if
they are not caught immediately. However, 6 out of 22 systems their distribution boards
are not water-proofed and four of the remaining 16 systems are installed on the chassis
itself as shown in figure (10).

Figure 10:Installing the DB problem
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Chapter 5

Conclusions and recommendations

The performance analysis of 22 residential grid-connected Photovoltaic systems with a total
capacity equals to 195 kWp in Rujeib, Palestine, is carried out in terms of main performance
criteria such as specific final yield (Yf), performance ratio (PR%), and capacity utilization factor
(CUF%), There values were 1507.32 kWh/kWp, 72.87% and 17.79% respectively. The systems
were simulated using the PVsyst Version 7.1 software and it showed PR values that only 7%
greater than the mean measured values. A comparison was also made between the measured
values and evaluation parameters of reported PV plants in some near countries (Jordan and
Syria) that shows a good performance of the systems in total, and it gives a good indication of

installing such systems in the region.
Although the systems performed well, there are some recommendations:

1. An exception of system number 7 was made, where the inverter used has smaller in size
than the system capacity. As for this system, the inverter must be changed to a suitable
one. This alerts us to the importance of making a professional design for solar systems by
specialized engineers and not by technicians.

2. Some problems were encountered in collecting sufficient information throughout the year
about the production of the system, due to the lack of a monitoring system. Therefore, a
monitoring and supervision system is very important to provide when installing a new PV
system to improve the system study process and its accuracy.

3. It is important to understand the frequency of cleaning the photovoltaic solar systems
because the performance of the system can vary depending on the yearly degradation of
the whole system and on monthly decay due to soiling.

4. Pay more attention to safety means, where should install lightning rods and grounding
systems where the electrode resistance is less than five ohms for all systems, add warning
signals, support the structure well by supporting weak areas with an additional piece of
galvanized metal, paving safe lanes that are needed, re-extending power lines in systems
that are needed, in a way that shows no crosses between them, and put the inverters and

the distribution boards in safe, water-proofed placed.
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Appendices
PVsyst reports

The following appendices are the reports from all the systems that had been simulated using
the PVsyst software.

Version 7.1.1

@PVsysT

P H

PVsyst - Simulation report
Grid-Connected System

Project: System 1
Variant: 14
Building system
System power: 6.93 kWp
R2 - Palestine, State Of

Author




Project: System 1

a2 .
‘.al Variant: 14
PVsyst V7.1.1
Simulation date:
07/04/21 10:49
with v7.1.1
Project summary
Geographical Site Situation Project settings
R2 Latitude 3219 °N Albeda 0.20
Palestine, State Of Longitude 35.29°E
Altitude Om
Time zone UTC+2
Meteo data
Rijayb
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year na 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Daily household consumers
TiltAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Mb. of modules 18 units Mb. of units 1 Unit
Prom total 6.93 KWp Priom total 10.00 kWac
Prom ratio 0.693
Results summary
Produced Energy 1227 MWhiyear Specific production 1771 kWhikWpfyear Perf. Ratio PR 80.71 %
Solar Fraction SF 50.47 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses K]
Mear shading definition - lso-shadings diagram 5
Detailed User's needs &
Main results 7
Loss diagram 8
Special graphs ]
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PVsyst V7.1.1
Simulation date:
07/04/21 10:49
with v7.1.1

Project: System 1

Variant:

14

Grid-Connected System

Building system

General parameters

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TilvAzimuth 28/0° Diffuse Perez, Meteonomm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics

PV module Inverter
Manufacturer JA Solar Manufacturer ABB
Model JAMT2-509-385-PR Model PVI-10.0-TL-OUTD

(Original PVsyst database)

(Criginal P\Vsyst database)

Unit Mom. Power 385 Wp Unit Mom. Power 10.00 kWac
Number of PV modules 18 units Number of inverters 2 *MPPT 50% 1 units
MNominal (STC) 6.93 kWp Total power 10.0 kWac
Modules 2 Sirings x 9 In series Operating voltage 175850 V
At operating cond. (50°C) Pnom ratio (DC:AC) 0.69
Pmpp 6.29 kWp
U mpp 325V
| mpp 19 A
Total PV power Total inverter power
MNominal (STC) 7 kWp Total power 10 kWae
Total 18 modules MNb. of inverters 1 Unit
Module area 35.5 m* Pnom ratio 0.69
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to imadiance Global array res. 282 m0
Uc (const) 29.0 Wim K Loss Fraction 1.5 % at STC
U (wind) 0.0 Wim?K/m/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 0.8 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Loss Fraction 0.1 % Year no 1
Loss factor 0.4 Y%fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 Y%/year
Vmp RMS dispersion 0.4 Y%fyear
IAM loss factor
Incidence effect (lAM): Fresnel smooth glass, n = 1.526
(i 3o 50° 60" 70° 75" a0° as® a0°
1.000 0.998 0.981 0.948 0.862 0.776 0.636 0.403 0.000
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PVsyst V7.1.1
Simulation date:

07/04/21 10:49
with v7.1.1

Project: System 1
Variant: 14

Spectral correction
FirstSolar model

Array losses

Coefficient Sat

Co

C1

c2

C3

C5

(=]

Unavailability of the system
Time fraction 20 %
7.3 days,
3 periods

System losses
Auxiliaries loss
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= Project: System 1

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:49

4

Variant: 14

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZenuth East
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Iso-shadings diagram
System 1
& Beam shading factor (linear calculation) : Iso-shadings curves
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PVsyst V7.1.1
Simulation date:
07/04/21 10:49
with v7.1.1

Project: System 1

Variant:

14

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
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PVsyst V7.1.1
Simulation date:

07/04/21 10:49
with v7.1.1

Project: System 1
Variant: 14

System Production

Produced Energy

1227 MWhiyear

Main results

Specific production 1771 KWhikWplyear
Performance Ratio PR 80.71 %
Solar Fraction SF 5047 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
L-:,I Colsclnm Lolss [F‘-"—Ial'w lolssesil I 0.5 KWHEWRday I 11 -I PRI- F’eﬂﬂlmlar'lcﬁl Ratio :Y" i \‘r':- G-SOIT I
— La: System Loss (irverier, ...} 0.25 KWnkWpiday 10
& ¥I. Produced usell anangy (invarer autpul] 4.85 KIWRKWD day sk
-?r:- o4
.5" o0&
& 05
i 04
= 03
2 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1225 0.813 0.079 0.036 0.752 0.043
February 104.1 46.44 9.45 135.3 128.3 0.840 0.071 0.033 0.781 0.038
March 154.7 63.04 13.37 1814 171.9 1.096 0072 0.038 1.025 0.034
April 184.3 71.51 17.01 1931 182.5 1.139 0.070 0.038 1.066 0.032
May 2282 70.13 211 217.7 2051 1.254 0072 0.041 1175 0.032
June 2397 59.41 2413 2171 203.9 1.233 0.060 0.030 1.057 0.030
July 2440 5B.79 2628 2261 21286 1276 0.082 0.034 1.202 0.028
August 2247 56.60 2593 2278 214.9 1.292 0.062 0.034 1218 0.028
September 1821 40.34 2364 2059 1849 1.180 0.070 0.033 1.010 0.037
October 1443 4491 21.Mm 183.9 174.4 1.081 0072 0.038 1.011 0.035
November 1029 3428 14.54 147.7 140.5 0.902 0.070 0.033 0.803 0.037
December 847 32.81 10.22 1283 121.8 0.804 0.079 0.036 0.743 0.043
Year 1983.5 616.68 17.86 21836 20734 12813 0.841 0.424 11.845 0418
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
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Project: System 1

PVsyst V7.1.1
Simulation date:
07/04/21 10:49
with v7.1.1

Loss diagram

1983 kWh/m*
+10.6%

0.00%
-2.56%

-3.00%

2073 kWh/im* * 35 m* coll.

efficiency at STC = 19.54%

14.38 MWh

12.91 MWh

12.52 MWh

grid
consumption s 2.00%

0.42 2 11.84 MWh

touser touser to grid
from grid from solar

Global horizontal irradiation
Global incident in coll. plane

Near Shadings: irradiance loss
1AM factor on global

Soiling loss factor
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to irradiance level

PV loss due to temperature

Spectral correction
Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Auxiliaries (fans, other)
System unavailability

Energy Injected into grid
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PVsyst V7.1.1
Simulation date:
07/04/21 10:49

Project: System 1
Variant: 14

with v7.1.1
Special graphs
Daily Input/Output diagram
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R3 - Palestine, State Of

Author

10

Version 7.1.1




Project: System 2
‘w Variant: 12 SM

PVsyst V7.1.1
Simulation date:
07/04/21 10:50
with v7.1.1
Project summary
Geographical Site Situation Project settings
R3 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 561 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 28 units Mb. of units 1 Unit
Prom total 10.22 kWp Prom total 10.00 kWac
Pnom ratio 1.022
Results summary
Produced Energy 17.35 MWhiyear Specific production 1697 kWh/kWpfyear Perf. Ratio PR T7.30 %
Solar Fraction SF 51.73 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
14/05/21 PVsyst Licensed to Page 2/8
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PVsyst V7.1.1
Simulation date:

07/04/21 10:50
with v7.1.1

Project: System 2
Variant: 12 SM

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TilAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers
Seasonal modulation
Average 2.3 kWh/Day
PV Array Characteristics
PV module Inverter
Manufacturer Sunket Manufacturer ABB
Model SKT360ME-24 Model PVI-10--0UTD-51-US-600
{Custom parameters definition) (Original PVsyst database)
Unit Mom. Power 365 Wp Unit Mom. Power 10.00 kWac
Number of PV modules 28 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 1022 kWp Total power 10.0 kWac
Modules 4 Strings x 7 In series Operating voltage: 120-470 V
At operating cond. (50°C) Pnom ratio (DC:AC) 1.02
Pmpp 9.42 kWp
U mpp 257 W
| mpp AT A
Total PV power Total inverter power
Nominal (STC) 10 kWp Total power 10 kWae
Total 28 modules Mb. of inverters 1 Unit
Module area 543 m* Pnom ratio 1.02
Cell area 49.0 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30 % Module temperature according to iradiance Global array res. 115 mi
Ue (const) 29.0 WimK Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 38 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation IAM loss factor
Less Fraction 01% Year no 1 ASHRAE Param: |1AM = 1 - bo(1/cosi -1)
Loss factor 0.4 %fyear bo Param. 0.05
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %fyear
14/05/21 PVsyst Licensed to Page 3/8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:50

4

Project: System 2
Variant: 12 SM

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North iZenith East
West South
Iso-shadings diagram
System 2
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 r
=== Shading loss: 1% Attenuation for diffuse: 0.000 1:22 june |
==== Shading loss: 5% and albedo; §.000 12h 2: 22 may - 23 july
Shading loss: 10% 11h 2 3: 20 apr - 23 aug |
75 : 4: 20 mar - 23 sefy|
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
60
4
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=
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30 \
15 \
b 8y
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PVsyst V7.1.1
Simulation date:
07/04/21 10:50
with v7.1.1

Project: System 2
Variant: 12 SM

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
2sof-
< anof-
i i
R S
Z 150 ~
2 l
5 100 —
s0f-
0
o 3 [ 9 12 15 18 21 24
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Project: System 2
Variant: 12 SM

PVsyst V7.1.1
Simulation date:
07/04/21 10:50
with v7.1.1

System Production

Produced Energy 17.35 MWhiyear

Normalized productions (per installed kWp)

Main results

Specific production
Performance Ratio PR
Solar Fraction SF

1697 KWh/ikWplyear
77.30 %
51.73 %

Performance Ratio PR

I 1 ) ) ) I 1 12 | 1 1 ) 1 I I I
L Collsction Loss (P-anay losses) 1.2 MWNKWRiday 11 [l rr: perormance Rato e 2 arma
— Le: System Loss (irmverier, ..} Q.7 KWk Winday 10F
& ¥T. Produced usefl anangy (invarar autpul] 4 65 KIWRKWp/ day
-fr: F
z
z 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results

GlobHor DiffHor T_Amb Globinc GlobEff EArray E_User E_Solar E_Grid EFrGrid

EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1224 1.108 0.079 0.036 1.033 0.043
February 104.1 46.44 9.45 1354 128.3 1.155 0.071 0.033 1.082 0.038
March 154.7 63.04 13.37 1816 172.3 1527 0072 0.038 1436 0.034
April 184.3 71.51 17.01 193.4 183.1 1.588 0.070 0.039 1.503 0.031
May 2282 70.13 211 218.0 205.7 1.764 0072 0.041 1.662 0.032
June 2397 59.41 2413 217.3 204.5 1.734 0.060 0.033 1.640 0.027
July 2440 5B.79 2628 2263 2133 1.783 0.082 0.034 1.696 0.028
August 2247 56.60 2593 2281 2156 1.814 0.062 0.034 1.7 0.028
September 1821 40.34 2364 2061 185.4 1.656 0.070 0.037 1.561 0.033
October 1443 4491 21.Mm 1841 174.7 1488 0072 0.038 1409 0.035
November 1029 3428 14.54 147.8 140.3 1.237 0.070 0.035 1.159 0.035
December 847 32.81 10.22 128.4 121.6 1.089 0.079 0.036 1.016 0.043
Year 1983.5 616.68 17.86 21957 20773 17974 0.841 0.435 16.812 0.408
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid

14/05/21 PVsyst Licensed to Page 6/8
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Project: System 2

Variant: 12 SM

sl
T
PVsyst V7.1.1
Simulation date:
07/04/21 10:50
with v7.1.1
1983 kWh/m?
2077 kWh/m? * 54 m? coll.
efficiency at STC = 19.08%
21.53 MWh
17.97 MWh
grid
consumption
17.35 MWh
0.41 l{ 3 16.91 MWh
touser touser to grid

from grid from solar

Loss diagram

+10.7%

0.00%
-2.47%

-3.00%

Global horizontal irradiation
Global incident in coll. plane

Near Shadings: irradiance loss
1AM factor on global

Soiling loss factor
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)

PV loss due to iradiance level
PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Energy injected into grid

14/05/21
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PVsyst V7.1.1
Simulation date:
07/04/21 10:50

Project: System 2
Variant: 12 SM

with v7.1.1
Special graphs
Daily Input/Output diagram
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Project: System 3

‘w Variant: New simulation variant
PVsyst V7.1.1
Simulation date:
07/04/21 10:50
with v7.1.1
Project summary
Geographical Site Situation Project settings
R4 Latitude 3219 °N Albeda 020
Palestine, State Of Longitude 35.29 °E
Altitude 563 m
Time zone UTC+2
Meteo data
Rojayb
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 15 units Mb. of units 1 Unit
Prom total 5.78 kWp Prom total 5.00 kWac
Pnom ratio 1.155
Results summary
Produced Energy 10.59 MWhiyear Specific production 1833 kWh/kWpfyear Perf. Ratio PR 8348 %
Solar Fraction SF 51.85 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
14/05/21 PVsyst Licensed to Page 2/8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:50
with v7.1.1

Project: System 3

Variant: New simulation variant

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics

PV module Inverter
Manufacturer JA solar Manufacturer Ingeteam
Model JAMED-S20-385-MR Model Ingecon Sun 5TL M

{Original P\/syst database)

(Custom parameters definition)

Unit Mom. Power 385 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 15 units Mumber of inverters 1*MPPT 0.50 1 units
MNominal (STC) 5.78 kWp Total power 5.0 kWac
Modules 1 String x 15 In series Operating voltage 125-750 W
At operating cond. (50°C) Pnom ratio (DC:AC) 1.16
Pmpp 527 kWp
U mpp 47T W
| mpp 11 A
Total PV power Total inverter power
Nominal (STC) & kWp Total power 5 kWac
Total 15 modules Mb. of inverters 1 Unit
Module area 28.0 m* Pnom ratio 1.16
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. T16 mid
Uc {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
U (wind) 0.0 WimKim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20% Loss Fraction 0.8 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Loss Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %fyear
Vmp RMS dispersion 0.4 %/year
IAM loss factor
Incidence effect (lAM): Fresnel AR coating, n{glass)=1.526, n{AR)=1.280
o Kl 500 B0° 70° 75° 80° as° ag°
1.000 0.999 0.987 0.962 0.832 0.816 0.681 0.440 0.000
14/05/21 PVsyst Licensed to Page 3/8
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Project: System 3

i : wial
‘.gl Variant: New simulation variant

PVsyst V7.1.1
Simulation date:
07/04/21 10:50

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZemth East
West South
Iso-shadings diagram
System 3
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 r
. ="' Shading loss: 1% Attenuation for diffuse: 0.000 1: 22 june :
===« Shading loss: 5% and albedo: §. 12h 2: 22 may - 23 july
B Shading loss: 10% 11h 2 3: 20 apr - 23 aug |
75 : 4: 20 mar - 23 sefy|
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
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=
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L 7
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-120 90 -60 30 Azimgth '] 30 80 90 120
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PVsyst V7.1.1
Simulation date:
07/04/21 10:50
with v7.1.1

Variant: New simulation variant

Project: System 3

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
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< anof-
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Z 150 ~
2 l
5 100 —
s0f-
0
o 3 [ 9 12 15 18 21 24
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Project: System 3

Variant: New simulation variant

PVsyst V7.1.1
Simulation date:

07/04/21 10:50
with v7.1.1

System Production

Produced Energy

10.59 MWhiyear

Main results

Specific production 1833 KWh/kWplyear
Performance Ratio PR 83.48 %
Solar Fraction SF 51.85 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
Lc,l Colgclm;n Lolps [FU’-Iar'W h::;ses:l I 0.87 kWhikWpiday I 11 -I F‘RI. Pemlmuan:el Rabo :Y" i \‘r': B Q.83I5 I
— La: System Loss (irverier, ...} 093 KWnkWpiday 10
& ¥I. Produced usehl anangy (invarer autput] 5.02 KWRKWDday sk
-gr:- o4
.5" o0&
& 05
i 04
‘ 03
2 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1233 0.675 0.079 0.036 0.623 0.043
February 104.1 46.44 9.45 1354 1291 0.701 0.071 0.033 0.651 0.038
March 154.7 63.04 13.37 1816 173.0 0.922 0072 0.039 0.861 0.034
April 184.3 71.51 17.01 193.4 183.9 0.963 0.070 0.039 0.801 0.031
May 2282 70.13 211 218.0 206.7 1.064 0072 0.041 0.997 0.032
June 2397 59.41 2413 217.3 205.5 1.046 0.060 0.034 0.986 0.026
July 2440 5B.79 2628 2263 2142 1.081 0.082 0.035 1.018 0.027
August 2247 56.60 2593 2281 216.5 1.091 0.062 0.034 1.029 0.028
September 1821 40.34 2364 2061 196.1 0.991 0.070 0.037 0.829 0.033
October 1443 4491 21.Mm 1841 175.5 0.904 0072 0.038 0.844 0.035
November 1029 3428 14.54 147.8 141.3 0.750 0.070 0.035 0.696 0.035
December 847 32.81 10.22 128.4 122.5 0.664 0.079 0.036 0.613 0.043
Year 1983.5 616.68 17.86 21957 20876 10.852 0.841 0.436 10.148 0.405
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
14/05/21 PVsyst Licensed to Page 6/8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:50

Project: System 3

Variant: New simulation variant

with v7.1.1
1983 KWhim?
2088 KWh/m® * 28 m® coll.
efficiency at STC = 20.61%
12.06 MWh
10.86 MWh
grid
consumption
10.59 MWh
0.40 L 10.15
0 user  to user to grid

from grid from solar

Loss diagram

+10.7%

0.00%
-1.88%

-3.00%

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Saoiling loss facior
Effactive irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to imadiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverier Loss over nominal inv. power
Inverter Loss due to mas. input curment
Inverter Loss over nominal inv. voltage
Inverier Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Energy injected into grid

14/08/21
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PVsyst V7.1.1
Simulation date:
07/04/21 10:50

Project: System 3

Variant: New simulation variant

with v7.1.1
Special graphs
Daily Input/Output diagram
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Project: System 4
‘w Varant: k10

PVsyst V7.1.1
Simulation date:
07/04/21 10:51
with v7.1.1
Project summary
Geographical Site Situation Project settings
R6 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 523 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 30 units Mb. of units 1 Unit
Prom total 11.25 kWp Prom total 10.00 kWac
Pnom ratio 1125
Results summary
Produced Energy 20.40 MWhiyear Specific production 1813 kWh/kWpfyear Perf. Ratio PR 82.59 %
Solar Fraction SF 5216 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 5
Detailed User's needs &
Main results T
Loss diagram 8
Special graphs 9
CO: Emission Balance 10
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PVsyst V7.1.1
Simulation date:
07/04/21 10:51
with v7.1.1

Project: System 4
Variant: k10

Grid-Connected System

PV Field Orientation
Orlentation
Fixed plane
TilvAzimuth

Near Shadings
Linear shadings

28/0°

Building

General parameters

system

Models used
Transposition

Diffuse

Circumsolar

Horizon
Free Horizon
Perez

Perez, Meteonorm

User's needs
Daily household consumers
Seasonal modulation

separate

Average 2.3 kWh/Day
PV Array Characteristics
PV module Inverter
Manufacturer JA solar Manufacturer Kaco new energy
Model JAME0-520-375-MR Model Powador 12.0 TL3

{Original P\/syst database)

(Original PVsyst database)

Unit Mom. Power 375 Wp Unit Mom. Power 10.00 kWac
Number of PV modules 30 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 11.25 kWp Total power 10.0 kWac
Modules 2 Strings x 15 In series Operating voltage 200-800 v
At operating cond. (50°C) Pnom ratio (DC:AC) 1.13
Pmpp 1026 kWp
U mpp 471V
| mpp 22 A
Total PV power Total inverter power
Nominal (STC) 11 kWp Total power 10 kWae
Total 30 modules Mb. of inverters 1 Unit
Module area 56.1 m* Pnom ratio 113
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 358 m
Uc {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
U (wind) 0.0 WimKim/s
Serie Diode Loss LID - Light Induced Degradation Module Quality Loss
Voltage drop 0TV Loss Fraction 20% Loss Fraction 0.8 %
Loss Fraction 0.1 % at STC
Meodule mismatch losses Strings Mismatch loss Module average degradation
Less Fraction 2.0 % at MPP Loss Fraction 0.1 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %/year
IAM loss factor
Incidence effect (IAM): Fresnel AR coating, n{glass)=1.526, n{AR)=1.290
o 30" 50° 60° 70° 75° &0° a5° a0°
1.000 0.999 0.987 0.962 0.882 0.816 0.681 0.440 0.000
14/05/21 PVsyst Licensed to Page 3110
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Project: System 4

Variant: k10
PVsyst V7.1.1
Simulation date:
07/04/21 10:51
with v7.1.1
Array losses
Spectral correction
FirstSolar model
Coefficient Set co Cc1 c2 C3 C4 C5
0 0 0 0 0 0
AC wiring losses
Inv. output line up to injection point
Inverter voltage 400 Vac tri
Loss Fraction 0.1 % at STC
Inverter: Powador 12.0 TL3
‘Wire section (One inverter) Copper 1 x 3 x 3 mm?
Wires length 2m
14/08/21 PVsyst Licensed to Page 4110
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= Project: System 4

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:51

4

Variant: k10

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZemth East
West South
Iso-shadings diagram
System 4
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 r
. ="' Shading loss: 1% Attenuation for diffuse: 0.000 1: 22 june :
===« Shading loss: 5% and albedo: §. 12h 2: 22 may - 23 july
I Shading loss: 10% ' 1 2 3: 20 apr- 23 aug |
75 : 4: 20 mar - 23 sefy|
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
60
4
i B &
=
@ 6
L 7
30 \
15 \
b 8y
2 s ¢
the piA : / pfne
0 i .
-120 90 -60 30 Azimgth '] 30 80 90 120
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PVsyst V7.1.1
Simulation date:
07/04/21 10:51
with v7.1.1

Project: System 4
Variant: k10

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
2sof-
< anof-
i i
R S
Z 150 ~
2 l
5 100 —
s0f-
0
o 3 [ 9 12 15 18 21 24
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PVsyst V7.1.1
Simulation date:

07/04/21 10:51
with v7.1.1

Project: System 4
Variant: k10

System Production

Produced Energy

2040 MWhiyear

Main results

Specific production 1813 KWh/kWplyear
Performance Ratio PR 82.59 %
Solar Fraction SF 5216 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
Lc,l Colgclm;n Lolps [FU’-Iar'W h::;ses:l I .89 KWhikWpiday I 11 -I F‘RI. Pemlmuan:el Rabo :Y" i \‘r': B Q.&2Iﬂ I
— La: System Loss (irverier, ...} 0.6 KWnkWpiday 10
& ¥T. Produced useful anangy (invarar autput] 497 KIWRKWp/ day ok
-gr:- o4
.5" o0&
& 05
i 04
= 03
2 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1233 1.321 0.079 0.036 1.245 0.043
February 104.1 46.44 9.45 1354 1291 1.365 0.071 0.034 1.291 0.038
March 154.7 63.04 13.37 1816 173.0 1.784 0072 0.039 1.680 0.034
April 184.3 71.51 17.01 193.4 183.8 1.857 0.070 0.039 1.761 0.031
May 2282 70.13 211 218.0 206.7 2.047 0072 0.041 1.843 0.032
June 2397 59.41 2413 217.3 205.5 205 0.060 0.034 1818 0.026
July 2440 5B.79 2628 2263 2142 2.086 0.082 0.035 1.985 0.027
August 2247 56.60 2593 2281 216.5 2112 0.062 0.034 2011 0.028
September 1821 40.34 2364 2061 196.1 1.827 0.070 0.038 1.829 0.032
October 1443 4491 21.Mm 1841 175.5 1.763 0072 0.038 1.67T1 0.034
November 1029 3428 14.54 147.8 141.3 1467 0.070 0.035 1.387 0.035
December 847 32.81 10.22 128.4 122.5 1.305 0.079 0.036 1.230 0.043
Year 1983.5 616.68 17.86 21856 20876 21048 0.841 0.439 19.962 0.402
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
14/05/21 PVsyst Licensed to Page 7110
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Project: System 4

wol
i .
QI Variant: k10
PVsyst V7.1.1
Simulation date:
07/04/21 10:51
with v7.1.1
Loss diagram
1983 kWh/m?
+10.7%
0.00%
-1.98%
-3.00%
2088 kWh/m? * 56 m? coll.
efficiency at STC = 20.07%
23.49 MWh
21.05 MWh
20.41 MWh
o N -0.06%
consumption
0.40 ay4 19.96 MWh
touser touser to grid

from grid from solar

Global horizontal irradiation
Global incident in coll. plane

Near Shadings: irradiance loss
1AM factor on global
Soilling loss factor

Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to irradiance level

PV loss due to temperature

Spectral correction
Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voitage threshold
Available Energy at Inverter Output

AC ohmic loss

Energy injected into grid

14/05/21

PVsyst Licensed to
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PVsyst V7.1.1
Simulation date:
07/04/21 10:51

Project: System 4
Variant: k10

with v7.1.1
Special graphs
Daily Input/Output diagram
80 T T T T T T T
o “alues from 01/01 1o 3112 4
7o —
60 —
E ]
w0 :
[
E .
E 40 <
L
E ag ?_? .
z & ]
20 T ]
]
a
10 a ° =1
©
0 L | L | L | L
F 4 <] 10
Glabal incident in coll. plane [KWhim2/day]
System Output Power Distribution
700 ; T r T T T T T
Values from 01/01 to 3112
z
=N
= .
=
2 i
E
= .
2 4 L] 10
Available Solar Energy [kW]
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] Project: System 4

g
< | Variant: k10

PVsyst V7.1.1
Simulation date:
07/04/21 10:51

with v7.1.1
CO: Emission Balance
Total: -19.8 tCOs
Generated emissions Saved CO: Emission vs. Time
Total: 19.78 tCOs
Source: Detailed calculation from table below:
Replaced Emissions BT o o e o
Total: 0.0 tCOs i 1
System production: 20.40 MWhiyr 168 - -
Grid Lifecycle Emissions: 0 gCOskWh - R
Source: Custom value supplied by user — 190} =
Lifetime: 30 years c i ]
Annual degradation: 1.0 % ? 192 Y-axis: no data for the extremities definition | =
i i ]
= a4 .
196 |- -
_193 L L L L L
a 5 10 15 20 25 30
Yaar
System Lifecycle Emissions Details
Item LCE Quantity Subtotal
[kgCOs]
Maodules 1758 kgCO2/kWp 11.3 kWp 19782
Supports 0.01 kgCO2/kg 300 kg 2.00
Inverters 0.66 kgCO2/ 1.00 0.66
14/05/21 PVsyst Licensed to Page 10/10
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PVsyst - Simulation report
Grid-Connected System

Project: System 5

Wariant: 6Taxi
Building system
System power: 6.50 kWp
R7 - Palestine, State Of

Author
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Project: System 5
b w Variant: 6Taxi

PVsyst V7.1.1
Simulation date:
07/04/21 10:52
with v7.1.1
Project summary
Geographical Site Situation Project settings
RT Latitude 3220 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 480 m
Time zone UTC+2
Meteo data
Rijayb
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Daily household consumers
TilvAzimuth 28/0° Seasonal modulation
Average 0.4 kWh/Day
System information
PV Array Inverters
Nb. of modules 20 units Nb. of units 1 Unit
Pnom total B.50 kWp Prom total .00 kWac
Priom ratio 1.083
Results summary
Produced Energy 11.82 MWhi/year Specific production 1819 kWh/kWp/year Perf. Ratio PR B285 %
Solar Fraction SF 11.18 %
Table of contents
Project and results summary 2
General parameters, PV Array Charactefistics, System losses 3
Near shading definition - Iso-shadings diagram 4
Detailed User's needs 5
Main results &
Loss diagram 7
Special graphs 8
14/05/21 PVsyst Licensed to Page 2/8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:52
with v7.1.1

Project: System 5

Variant: 6Taxi

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TilAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 0.4 kWh/Day

PV Array Characteristics
PV module Inverter
Manufacturer Hanwha Q Cells Manufacturer ABB
Model Q.POWER L-G5.2 325 Model UNO-DM-6.0-TL-PLUS
{Original P\/syst database) (Original PVsyst database)
Unit Mom. Power 325 Wp Unit Mom. Power 6.00 kWac
Number of PV modules 20 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 6.50 kWp Total power 6.0 kWac
Modules 2 Strings x 10 In series Operating voltage 90-580 W
At operating cond. (50°C) Pnom ratio (DC:AC) 1.08
Pmpp 5.85 kWp
U mpp 335V
| mpp 17T A
Total PV power Total inverter power
Nominal (STC) 7 kWp Total power & kWac
Total 20 modules Mb. of inverters 1 Unit
Module area 388 m* Pnom ratio 1.08
Cell area 350 m*
Array losses
Thermal Loss factor DC wiring losses Module Quality Loss
Module temperature according to iradiance Global array res. 325 m Loss Fraction 0.4 %
Ue {const) 20.0 Wim™ K Loss Fraction 1.5 % at STC
Uv (wind) 0.0 Wim™Kim/s.
Module mismatch losses Strings Mismatch loss
Loss Fraction 2.0 % at MPP Loss Fraction 0.1 %
IAM loss factor
Incidence effect (IAM): User defined profile
o 30" 60° 65° 70° 75° &0° a5° a0°
1.000 1.000 0.960 0.940 0.900 0.830 0.690 0.440 0.000
14/05/21 PVsyst Licensed to Page 3/8
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= Project: System 5

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:52

4

Variant: 6Taxi

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZenlth East
West South
Iso-shadings diagram
System 5
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 r
. ="' Shading loss: 1% Attenuation for diffuse: 0.000 1: 22 june :
===« Shading loss: 5% and albedo: X 12h 2: 22 may - 23 july
I Shading loss: 10% ' 1 2 3: 20 apr- 23 aug |
75 : 4: 20 mar - 23 sefy|
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
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4
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PVsyst V7.1.1
Simulation date:
07/04/21 10:52
with v7.1.1

Project: System 5

Variant: 6Taxi

Detailed User's needs

Daily household consumers, Seasonal modulation, average = 0.4 kWh/day

Summer (Jun-Aug)

Autumn (Sep-Nov)

Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) 2 10Wilamp| 4.0 BO Lamps (LED or fluo) 2 10W/lamp| 5.0 100
TV PC ! Mobile 1 80W/app 20 160 TV I PC ! Mobile 1 80W/app 3.0 240
Stand-by consumers 240 96 Stand-by consumers 24.0 96
Total daily energy BF36Whiday Total daily energy K 36Wh/da
Winter (Dec-Feb) Spring (Mar-May)
Number | Power Use Energy Mumber | Power Use Energy
W Hourlday | Whiday W Hourlday | Whiday
Lamps (LED or flua) 2 10Wilamp 6.0 120 Lamps (LED or fluo) 2 10W/amp| 5.0 100
TV PC ! Mobile 1 80W/app 30 240 TV I PC ! Mobile 1 80W/app 30 240
Stand-by consumers 240 96 Stand-by consumers 240 96
Tatal daily energy HS6Whiday Total daily energy H36Wh/da
Hourly distribution
L e N LA A e s s e
100 - —
S gl .
z &0 -
_§ 5 ]
i 40 —
£
20
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PVsyst V7.1.1
Simulation date:

07/04/21 10:52
with v7.1.1

Project: System 5

Variant: 6Taxi

System Production

Produced Energy

11.82 MWhiyear

Main results

Specific production 1819 KWh/kWplyear
Performance Ratio PR 82.85 %
Solar Fraction SF 1118 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
Lc,l Colgclm;n Lolps [FU’-Iar'W h::;ses:l I .89 KWhikWpiday I 11 -I F‘RI. Pemlmuan:el Rabo :Y" i \‘r': B Q.32I9 I
— La: System Loss (irverier, ...} 095 KWnkWpiday 10
& ¥T. Produced usehl anangy (invarar autpul] 4,98 KIWRKWD day oa ks
-gr:- o4
[ [ir]
& 05
I 04
= 03
2 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globinc GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 126.7 0771 0.014 0.001 0.748 0.013
February 104.1 46.44 9.45 1354 132.7 0.798 0.013 0.001 0.775 0.012
March 154.7 63.04 13.37 1816 177.9 1.041 0.014 0.001 1.010 0012
April 184.3 71.51 17.01 193.4 189.2 1.083 0.013 0.002 1.050 0.012
May 2282 70.13 211 2179 2127 1.188 0.014 0.002 1.153 0012
June 2397 59.41 2413 217.3 211.4 1.165 0.010 0.002 1.130 0.008
July 2440 5B.79 2628 2263 2203 1.200 0.010 0.002 1.164 0.008
August 2247 56.60 2593 2281 2227 1.210 0.010 0.002 1.174 0.008
September 1821 40.34 2364 2061 2018 1.100 0.013 0.001 1.067 0012
October 1443 4491 21.Mm 1841 180.6 1.012 0.014 0.001 0.882 0012
November 1029 3428 14.54 147.8 145.3 0.846 0013 0.001 0.821 0.012
December 847 32.81 10.22 128.4 125.9 0.757 0.014 0.001 0.734 0.013
Year 1983.5 616.68 17.86 21856 21472 12170 0.152 0.017 11.807 0.135
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for IAM and shadings EFrGrid Energy from the grid
14/05/21 PVsyst Licensed to Page 6/8
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] Project: System 5
1"Ial Variant: 6Taxi

PVsyst V7.1.1
Simulation date:
07/04/21 10:52
with v7.1.1

Loss diagram
1983 kWh/m? Global horizontal irradiation
+10.7% Global incident in coll. plane
+0.00% Mear Shadings: iradiance loss

-2.20% 1AM factor on global

2147 KWh/m® * 38 m* coll. Effective irradiation on collectors

efficiency at STC = 16.74% PV conversion

13.96 MWh Array nominal energy (at STC effic.)
3 -0.32% PV loss due to iradiance level

-9.94% PV loss due to temperature

+0.38% Madule quality loss

-2 10% Mismatch loss, modules and strings
-1.19% Ohmic wiring loss

12.17 MWh Array virtual energy at MPP
-2 B4% Inverter Loss during operation (efficiency)
Inverier Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverier Loss due to power threshold
Inverter Loss due to voltage threshold
11.82 MWh Available Energy at Inverter Output

grid
consumption

0.13 op2 11.81 MWh Energy injected into grid
to user o user to grid
from grid from solar

14/05/21 PVsyst Licensed to
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PVsyst V7.1.1
Simulation date:
07/04/21 10:52

Project: System 5

Variant: 6Taxi

with v7.1.1
Special graphs
Daily Input/Output diagram
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PVsyst - Simulation report
Grid-Connected System

Project: System 6

Variant: 5SH
Building system
System power: 5.28 kWp
R8 - Palestine, State Of

Author
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Project: System 6
‘w Variant: 55H

PVsyst V7.1.1
Simulation date:
07/04/21 10:52
with v7.1.1
Project summary
Geographical Site Situation Project settings
R8 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 558 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 16 units Mb. of units 1 Unit
Prom total 5.28 kWp Prom total 5.00 kWac
Pnom ratio 1.056
Results summary
Produced Energy 9.57 MWhi/year Specific production 1812 kWh/kWpfyear Perf. Ratio PR 8252 %
Solar Fraction SF 50.68 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
14/05/21 PVsyst Licensed to Page 2/8

45




isn
L
Ve

PVsyst V7.1.1
Simulation date:
07/04/21 10:52
with v7.1.1

Project: System 6
Variant: 55H

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics

PV module Inverter
Manufacturer Hanwha Q Cells Manufacturer Kaco new energy
Model Q Peak Duo L-G7-330 Model Blueplanet 5.0 TL3

{Original P\/syst database)

(Original PVsyst database)

Unit Mom. Power 330 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 16 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 528 kWp Total power 5.0 kWac
Modules 2 Strings x B In series Operating voltage 200-800 v
At operating cond. (50°C) Pnom ratio (DC:AC) 1.06
Pmpp 4819 Wp
U mpp 24B W
| mpp 19 A
Total PV power Total inverter power
Nominal (STC) 5 kWp Total power 5 kWac
Total 16 modules Mb. of inverters 1 Unit
Module area 270 m* Pnom ratio 1.06
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 211 m
Uc {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
U (wind) 0.0 WimKim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20% Loss Fraction 0.8 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Loss Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %fyear
Vmp RMS dispersion 0.4 %/year
IAM loss factor
Incidence effect (lAM): Fresnel AR coating, n{glass)=1.526, n{AR)=1.280
o Kl 500 B0° 70° 75° 80° as° ag°
1.000 0.999 0.987 0.962 0.832 0.816 0.681 0.440 0.000
14/05/21 PVsyst Licensed to Page 3/8
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= Project: System 6
Variant: 5SH

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:52

4

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZemth East
West South
Iso-shadings diagram
System 6
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 T
. ="' Shading loss: 1% Attenuation for diffuse: 0.000 1: 22 june :
===« Shading loss: 5% and albedo: §. 12h 2: 22 may - 23 july
B Shading loss: 10% 11h 2 3: 20 apr - 23 aug |
75 : 4: 20 mar - 23 sef
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
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PVsyst V7.1.1
Simulation date:
07/04/21 10:52
with v7.1.1

Project: System 6
Variant: 55H

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
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PVsyst V7.1.1
Simulation date:

07/04/21 10:52
with v7.1.1

Project: System 6
Variant: 55H

System Production

Produced Energy

857 MWhiyear

Main results

Specific production 1812 KWh/kWplyear
Performance Ratio PR 82.52 %
Solar Fraction SF 50.69 %

Normalized productions (per installed kWp)

Performance Ratio PR
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Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1233 0617 0.079 0.035 0.559 0.044
February 104.1 46.44 9.45 1354 1291 0.641 0.071 0.033 0.585 0.038
March 154.7 63.04 13.37 1816 173.0 0.842 0072 0.038 0.775 0.035
April 184.3 71.51 17.01 193.4 183.9 0.881 0.070 0.038 0.811 0.032
May 2282 70.13 211 218.0 206.7 0472 0072 0.040 0.898 0.033
June 2397 59.41 2413 217.3 205.5 0.956 0.060 0.033 0.889 0.027
July 2440 5B.79 2628 2263 2142 0.987 0.082 0.034 0819 0.028
August 2247 56.60 2593 2281 216.5 0.997 0.062 0.034 0.929 0.028
September 1821 40.34 2364 2061 196.1 0.907 0.070 0.037 0.839 0.033
October 1443 4491 21.Mm 1841 175.5 0.826 0072 0.037 0.760 0.035
November 1029 3428 14.54 147.8 141.3 0.685 0.070 0.034 0.626 0.036
December 847 32.81 10.22 128.4 122.5 0.607 0.079 0.035 0.550 0.044
Year 1983.5 616.68 17.86 21957 20876 9919 0.841 0426 9141 0.415
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
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PVsyst V7.1.1
Simulation date:
07/04/21 10:52

Project: System 6

Variant: 58H

with v7.1.1
1983 KWh/m?
2088 KWh/m?® * 27 m* coll.
efficiency at STC = 19.58%
11.03 MWh
9.92 MWh
M 0.00%
M 0.00%
M 0.00%
M 0.00%
_ M 0.00%
grid M -0.07%
GDTELImpTIOH
9.57 MWh
0.41 L 9.14 MWh
to user touser to grid

from grid from solar

Loss diagram

+10.7%

0.00%
-1.88%

-3.00%

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Saoiling loss facior
Effactive irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to imadiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverier Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverier Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Night consumption

Available Energy at Inverter Qutput

Energy Injected into grid
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PVsyst V7.1.1
Simulation date:
07/04/21 10:52

Project: System 6
Variant: 55H

with v7.1.1
Special graphs
Daily Input/Output diagram
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PVsyst - Simulation report
Grid-Connected System

Project: System 8

Variant: 10BH
Building system
System power: 10.72 kWp
R10 - Palestine, State Of

Author

52

Version 7.1.1




Project: System 8
‘w Variant: 10BH

PVsyst V7.1.1
Simulation date:
07/04/21 10:53
with v7.1.1
Project summary
Geographical Site Situation Project settings
R10 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 518 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 32 units Mb. of units 1 Unit
Prom total 10.72 kWp Prom total 10.00 kWac
Pnom ratio 1072
Results summary
Produced Energy 19.58 MWhiyear Specific production 1827 kWh/kWpfyear Perf. Ratio PR 8319 %
Solar Fraction SF 51.03 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:53
with v7.1.1

Project: System 8
Variant: 10BH

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics

PV module Inverter
Manufacturer Astronergy Manufacturer Kaco new energy
Model CHSMBOM-HC-335 Model Blueplanet 10.0 TL3

{Original P\/syst database)

(Original PVsyst database)

Unit Mom. Power 335 Wp Unit Mom. Power 10.00 kWac
Number of PV modules 32 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 10.72 kWp Total power 10.0 kWac
Modules 2 Strings x 16 In series Operating voltage 200-800 v
At operating cond. (50°C) Pnom ratio (DC:AC) 1.07
Pmpp 9.81 kWp
U mpp 505 W
| mpp 19 A
Total PV power Total inverter power
Nominal (STC) 11 kWp Total power 10 kWae
Total 32 modules Mb. of inverters 1 Unit
Module area 543 m* Pnom ratio 1.07
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 427 mi
Uc {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
U (wind) 0.0 WimKim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20% Loss Fraction 0.8 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Loss Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %fyear
Vmp RMS dispersion 0.4 %/year
IAM loss factor
Incidence effect (IAM): Fresnel smooth glass, n = 1.526
o Kl 500 B0° 70° 75° 80° as° ag°
1.000 0.998 0.981 0.948 0.862 0.776 0.636 0.403 0.000
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PVsyst V7.1.1
Simulation date:
07/04/21 10:53

4

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZemth East
West South
Iso-shadings diagram
System 8
& Beam shading factor (linear calculation) : Iso-shadings curves
e PN I s e B o e O R - r
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PVsyst V7.1.1
Simulation date:
07/04/21 10:53
with v7.1.1

Project: System 8
Variant: 10BH

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
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PVsyst V7.1.1
Simulation date:

07/04/21 10:53
with v7.1.1

Project: System 8
Variant: 10BH

System Production

Produced Energy

18.58 MWhiyear

Main results

Specific production 1827 KWhikWplyear
Performance Ratio PR 83.19 %
Solar Fraction SF 51.03 %

Normalized productions (per installed kWp)

Performance Ratio PR
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Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1226 1.246 0.079 0.035 1.182 0.044
February 104.1 46.44 9.45 1354 128.3 1.284 0.071 0.033 1.232 0.038
March 154.7 63.04 13.37 1816 172.0 1.703 0072 0.038 1625 0.034
April 184.3 71.51 17.01 193.4 182.8 1.781 0.070 0.038 1.700 0.032
May 2282 70.13 211 218.0 205.4 1.966 0072 0.040 1.879 0.033
June 2397 59.41 2413 217.3 2041 1.933 0.060 0.033 1.852 0.027
July 2440 5B.79 2628 2263 2128 1.098 0.082 0.034 1914 0.028
August 2247 56.60 2593 2281 2152 2019 0.062 0.034 1.835 0.028
September 1821 40.34 2364 2061 185.0 1.837 0.070 0.037 1.754 0.033
October 1443 4491 21.Mm 1841 174.5 1673 0072 0.037 1.585 0.035
November 1029 3428 14.54 147.8 140.6 1.386 0.070 0.035 1.319 0.035
December 847 32.81 10.22 128.4 121.8 1.226 0.079 0.035 1.164 0.044
Year 1983.5 616.68 17.86 21856 2075.2 20,063 0.841 0.429 19.151 0412
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
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PVsyst V7.1.1
Simulation date:

07/04/21 10:53
with v7.1.1

Project: System 8

Variant: 10BH

1983 kKWh/m*

2075 kK * " 54 m* coll.

efficiency at STC = 19.77%

arid
consumption

0.41

to user to user

from grid from solar

22 26 MWh

20.06 MWh

I 0.00%
4 0.00%
M 0.00%
™ 0.00%
™ 0.00%
M -0.03%
19.58 MWh

Loss diagram
Global horizontal irradiation

+10.7% Global incident in coll. plane

+0.00% Mear Shadings: iradiance loss
-2 56% 1AM factor on global

-3.00% Seiling loss factor

Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to iradiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismateh loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverier Loss during operation (efficiency)
Inverier Loss over nominal inv. power
Inverier Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverier Loss due to power threshold
Inverter Loss due to voltage threshold
Night consumption

Axailable Energy at Inverter Qutput

Energy Injected into grid
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Project: System 8
Variant: 10BH

PVsyst V7.1.1
Simulation date:
07/04/21 10:53

with v7.1.1
Special graphs
Daily Input/Output diagram
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Building system
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Project: System 9
‘w Variant: 5SB

PVsyst V7.1.1
Simulation date:
07/04/21 10:53
with v7.1.1
Project summary
Geographical Site Situation Project settings
R11 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 508 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 12 units Mb. of units 1 Unit
Prom total 4920 Wp Prom total 5.00 kWac
Pnom ratio 0884
Results summary
Produced Energy B.94 MWhi/year Specific production 1818 kWh/kWpfyear Perf. Ratio PR 82.78 %
Solar Fraction SF 51.60 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:53
with v7.1.1

Project: System 9
Variant: 5SB

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers
Seasonal modulation
Average 2.3 kWh/Day
PV Array Characteristics
PV module Inverter
Manufacturer Canadian Solar Inc. Manufacturer ABB
Model CS3W-410P HE Model UNO-DM-5.0-TL-PLUS
{Original P\/syst database) (Original PVsyst database)
Unit Mom. Power 410 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 12 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 4820 Wp Total power 5.0 kWac
Modules 2 Strings x & In series Operating voltage 90-580 W
At operating cond. (50°C) Pnom ratio (DC:AC) 098
Pmpp 4465 Wp
U mpp 213V
| mpp A
Total PV power Total inverter power
Nominal (STC) 5 kWp Total power 5 kWac
Total 12 modules Mb. of inverters 1 Unit
Module area 265 m* Pnom ratio 0.98
Cell area 238 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 168 mi
Ue {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 0.3 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (IAM): User defined profile
10° 20° 3o 40° 50° 60" 70° a0 a0°
1.000 1.000 1.000 0.990 0.980 0.970 0.820 0.760 0.000
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PVsyst V7.1.1
Simulation date:
07/04/21 10:53

4

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North Zenith “ East
West South
Iso-shadings diagram
System 9
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 r
. ="' Shading loss: 1% Attenuation for diffuse: 0.000 1: 22 june :
===« Shading loss: 5% and albedo: . 12h 2: 22 may - 23 july
I Shading loss: 10% ' 1 2 3: 20 apr- 23 aug |
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PVsyst V7.1.1
Simulation date:
07/04/21 10:53
with v7.1.1

Project: System 9
Variant: 5SB

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
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PVsyst V7.1.1
Simulation date:

07/04/21 10:53
with v7.1.1

Project: System 9
Variant: 5SB

System Production

Produced Energy

B.94 MWhiyear

Main results

Specific production 1818 KWh/kWplyear
Performance Ratio PR B2.78 %
Solar Fraction SF 51.60 %

Normalized productions (per installed kWp)

Performance Ratio PR
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Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 123.7 0.574 0.079 0.036 0.521 0.043
February 104.1 46.44 9.45 1354 129.5 0.586 0.071 0.033 0.546 0.038
March 154.7 63.04 13.37 1816 173.7 0.783 0072 0.038 0.722 0.034
April 184.3 71.51 17.01 193.4 184.7 0.818 0.070 0.039 0.756 0.032
May 2282 70.13 211 218.0 2078 0.902 0072 0.041 0.836 0.032
June 2397 59.41 2413 217.3 206.7 0.887 0.060 0.033 0.828 0.027
July 2440 5B.79 2628 2263 2153 0.916 0.082 0.034 0.855 0.028
August 2247 56.60 2593 2281 2175 0.924 0.062 0.034 0.863 0.028
September 1821 40.34 2364 2061 1871 0.841 0.070 0.037 0.780 0.033
October 1443 4491 21.Mm 1841 176.3 0.766 0072 0.038 0.707 0.035
November 1029 3428 14.54 147.8 141.7 0.636 0.070 0.035 0.583 0.035
December 847 32.81 10.22 128.4 122.9 0.564 0.079 0.036 0.513 0.043
Year 1983.5 616.68 17.86 21856 20971 9206 0.841 0.434 B.509 0.407
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
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PVsyst V7.1.1
Simulation date:
07/04/21 10:53

Project: System 9

Variant: 5B

with v7.1.1
1983 kWhim®
2097 ki 2 * 27 m? eoll.
efficiency at STC = 1857%
10.32 MWh
9.21 MWh
4 0.00%
[ 0.00%
N 0.00%
[ 0.00%
arid
consumption 4 0.00%
8.94 MWh
0.41 L 851 MWh
touser  touser to grid

from grid from solar

Loss diagram

+10.7%

+0.00%
-1.53%

-3.00%

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Soiling loss factor
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)

PV loss due to iradiance level
PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
(including 0% for degradation dispersion
Ohmic wiring loss
Array virtual energy at MPP
Inverter Loss during operation (efficiency)
Inverier Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverier Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Energy Injected into grid
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Project: System 9
Variant: 5SB

PVsyst V7.1.1
Simulation date:
07/04/21 10:53

with v7.1.1
Special graphs
Daily Input/Output diagram
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Project: System 10

‘w Vanant: 14SK,m
PVsyst V7.1.1
Simulation date:
07/04/21 10:54
with v7.1.1
Project summary
Geographical Site Situation Project settings
R12 Latitude 3219 °N Albeda 020
Palestine, State Of Longitude 35.30 "E
Altitude 578 m
Time zone UTC+2
Meteo data
Rojayb
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 30 units Mb. of units 1 Unit
Prom total 11.55 kWp Prom total 10.00 kWac
Pnom ratio 1.155
Results summary
Produced Energy 20.83 MWhiyear Specific production 1803 kWh/kWpfyear Perf. Ratio PR 8211 %
Solar Fraction SF 51.84 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 5
Detailed User's needs &
Main results T
Loss diagram 8
Special graphs 9
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PVsyst V7.1.1
Simulation date:
07/04/21 10:54
with v7.1.1

Project: System 10
Varant: 145K, m

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics

PV module Inverter
Manufacturer JA Solar Manufacturer ABB
Model JAMT2-309-385-PR Model PVI-10--0UTD-51-US-600

{Original P\/syst database)

(Original PVsyst database)

Unit Mom. Power 385 Wp Unit Mom. Power 10.00 kWac

Number of PV modules 30 units Mumber of inverters 1 Unit

MNominal (STC) 11.55 kWp Total power 10.0 kWac

Array #1 - PV Array

MNumber of PV modules 16 units Mumber of inverters 1* MPPT 53% 0.5 units

Nominal (STC) 6.16 kWp Total power 5.3 kWac

Modules 2 8trings x & In series

At operating cond. (50°C) Operating voltage: 120470 W

Pmpp 5.58 kWp Pnom ratio (DC:AC) 116

U mpp 289 W

| mpp 18 A

Array #2 - Sub-array #2

MNumber of PV modules 14 units Mumber of inverters 1* MPPT 47% 0.5 units

Nominal (STC) 5.39 kWp Total power 4.7 KWac

Modules 2 8trings x 7 In series

At operating cond. (50°C) Operating voltage: 120470 W

Pmpp 4852 Wp Pnom ratio (DC:AC) 115

U mpp 253 W

| mpp 18 A

Total PV power Total inverter power

Nominal (STC) 12 kWp Total power 10 kWac

Taotal 30 modules Nb. of inverters 1 Unit

Module area 591 m* Pnom ratio 1.16
Array losses

Array Soiling Losses

Thermal Loss factor

LID - Light Induced Degradation

Less Fraction 30% Meodule temperature according to irradiance Loss Fraction 20%
Uc {const) 29.0 WimPK
Uv {wind) 0.0 Wim*Kim/s
Module Quality Loss Module mismatch losses Strings Mismatch loss
Less Fraction -0.8 % Loss Fraction 2.0 % at MPP Loss Fraction 0.1 %
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Varant: 145K, m

Project: System 10

PVsyst V7.1.1
Simulation date:
07/04/21 10:54
with v7.1.1

Module average degradation
Year no 1

Loss factor 0.4 “%lyear
Mismatch due to degradation

Imp RMS dispersion 0.4 %lyear
Vmp RMS dispersion 0.4 %lyear

IAM loss factor
Incidence effect (IAM): Fresnel smooth glass, n = 1.526

Array losses

0* 30" 507 60"

70"

75°

&0°

85°

a0*

1.000 0.998 0.981 0.948

0.862

0.776

0.636

0.403

0.000

Global wiring resistance 10 mQ
Less Fraction 1.5 % at STC

Array #1 - PV Array
Global array res. 251 m2

Loss Fraction 1.5 % at 3TC

DC wiring losses

Array #2 - Sub-array #2

Global array res.
Loss Fraction

219 mO
1.5 % at 3TC
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= Project: System 10

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:54

4

Variant: 14SK,m

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZenuth East
West South
Iso-shadings diagram
System 10
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 T
| . ===="Shading lose 1% Attenuation for diffuse: 0.000 1: 22 june |
==== Shading loss: 5% and albedo; §.000 12h 2: 22 may - 23 july
] Shading loss: 10% ' 1 Yz, 3:20 apr- 23 aug |
75 : 4: 20 mar - 23 sef
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PVsyst V7.1.1
Simulation date:
07/04/21 10:54
with v7.1.1

Project: System 10

Varant: 145K, m

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
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i i
R S
Z 150 ~
2 l
5 100 —
s0f-
0
o 3 [ 9 12 15 18 21 24
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Project: System 10
Variant: 14SK.m

PVsyst V7.1.1
Simulation date:
07/04/21 10:54
with v7.1.1

Main results

System Production

Produced Energy 20.83 MWhiyear Specific production 1803 KWh/kWplyear
Performance Ratio PR 82.11 %
Solar Fraction SF 51.84 %
Normalized productions (per installed kWp) Performance Ratio PR

12
L-;I cmsclxmn LoLs[FV—Ial'Wlolsses:l I 0.5 KWnkMWpiday I 11 -I F‘RI- F'emlmnan:elﬁano :Y'-\‘r':. ﬂ.&zl' I
— La: System Loss (irverier, ...} 097 KWnkWpiday 10
& ¥T. Produced usehl anangy (invarar autpul] 4,54 KIWRKWD day s E—
-gr:- o4
.5" o0&
& 05
i 04
= 03
2 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1226 1.344 0.079 0.036 1.264 0.043
February 104.1 46.44 9.45 1354 128.3 1.396 0.071 0.033 1.317 0.038
March 154.7 63.04 13.37 1816 1721 1.833 0072 0.039 1.734 0.034
April 184.3 71.51 17.01 193.4 182.8 1.913 0.070 0.039 1.810 0.031
May 2282 70.13 211 218.0 205.4 2109 0072 0.041 1.098 0.032
June 2397 59.41 2413 217.3 2041 2.0mM 0.060 0.033 1.968 0.027
July 2440 5B.79 2628 2263 2128 2139 0.082 0.035 2.032 0.028
August 2247 56.60 2593 2281 2152 2161 0.062 0.034 2.054 0.028
September 1821 40.34 2364 2061 185.0 1.966 0.070 0.037 1.862 0.033
October 1443 4491 21.Mm 1841 174.6 1.785 0072 0.038 1.688 0.034
November 1029 3428 14.54 147.8 140.6 1.492 0.070 0.035 1.408 0.035
December 847 32.81 10.22 128.4 121.8 1.323 0.079 0.036 1.244 0.043
Year 1983.5 616.68 17.86 21957 20754 21542 0.841 0.436 20.388 0.405
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
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PVsyst V7.1.1
Simulation date:
07/04/21 10:54
with v7.1.1

Project: System 10
Variant: 14SK,m

1983 kWh/m?

2075 kWh/m? * 58 m* coll.

Loss diagram
Global horizontal irradiation
+10.7% Global incident in coll. plane

0.00% Near Shadings: irradiance loss
-256% 1AM factor on global

-3.00% Soiling loss factor

Effective irradiation on collectors

efficiency at STC = 19.54%

PV conversion

23.98 MWh

21.54 MWh

grid
consumption

20.83 MWh

0.40 ag4 20.39

touser touser to grid
from grid from solar

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)

PV loss due to irradiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
N -0.01% Inverter Loss over nominal inv. power
N 0.00% Inverter Loss due to max. input current
N 0.00% Inverter Loss over nominal inv. voltage
N 0.00% Inverter Loss due to power threshold
N 0.00% Inverter Loss due to voltage threshold
Available Energy at Inverter Output

MWh Energy injected Into grid
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Project: System 10
Variant: 14SK.m

PVsyst V7.1.1
Simulation date:
07/04/21 10:54

with v7.1.1
Special graphs
Daily Input/Output diagram
80 T T T T T T T T T
L o Values from 01/01 1o 3112 ]
7ol —
60 - —
s = .
-,
z 5 ]
I a0 N |
sl o® .
z & &
- - & 1
] oF .
®
=]
1w}l a” i
. . I . | : | : | :
0 2 4 i 8 10
Glabal incident in coll. plane [KWhim2/day]
System Output Power Distribution
F00 T T T T T T T T T "
Values fram 01/01 10 3112
600 |- o
] —
Z
= 400} =
g
300} =
E N 4
H
] o
100 |- —
a . I . | " I . I . ] .
0 2 4 g ] 10
Available Solar Energy [kW]
14/05/21 PVsyst Licensed to Page 9/9

76




GPVSYST

PHOTOVOLTAIC S5SOFTWARE

PVsyst - Simulation report
Grid-Connected System

Project: System 11

Variant: 6 ST
Building system
System power: 6.00 kWp
R14 - Palestine, State Of

Author

77

Version 7.1.1




Project: System 11
‘w Variant: 6 ST

PVsyst V7.1.1
Simulation date:
07/04/21 10:54
with v7.1.1
Project summary
Geographical Site Situation Project settings
R14 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 52T m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 15 units Mb. of units 1 Unit
Prom total 6.00 kWp Prom total 5.00 kWac
Pnom ratio 1.200
Results summary
Produced Energy 10.02 MWhiyear Specific production 1668 kWh/kWpfyear Perf. Ratio PR 76.02 %
Solar Fraction SF 5117 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
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PVsyst V7.1.1
Simulation date:

07/04/21 10:54
with v7.1.1

Project: System 11
Variant: 6 ST

Grid-Connected System

Building system

General parameters

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers
Seasonal modulation
Average 2.3 kWh/Day
PV Array Characteristics
PV module Inverter
Manufacturer Trina Solar Manufacturer Huawei Technologies
Model TSM-DEG15MC-20-{I1)}-400-Bifacial Model SUN2000L-5KTL
{Original P\/syst database) (Custom parameters definition)
Unit Mom. Power 400 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 15 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 6.00 kWp Total power 5.0 kWac
Modules 3 Strings x 5 In series Operating voltage: 90-500 V
At operating cond. (50°C) Max. power (=>40°C) 5.50 kWac
Pmpp 548 kWp Prom ratio (DC:AC) 120
U mpp 185 W
| mpp 30 A
Total PV power Total inverter power
Nominal (STC) & kWp Total power 5 kWac
Total 15 modules Mb. of inverters 1 Unit
Module area 308 m* Pnom ratio 120
Cell area 261 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30 % Module temperature according to iradiance Global array res. 104 mi)
Ue (const) 29.0 Wim?K Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 0.8 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (IAM): Fresnel AR coating, n{glass}=1.528, n[AR)=1.290
o 30" 50° 60° 70° 75° &0° a5° a0°
1.000 0.999 0.987 0.962 0.882 0.816 0.681 0.440 0.000
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= Project: System 11
Variant: 6 ST

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:54

4

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZemth o East
West South
Iso-shadings diagram
System 11
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 r
. ="' Shading loss: 1% Attenuation for diffuse: 0.000 1: 22 june :
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PVsyst V7.1.1
Simulation date:
07/04/21 10:54
with v7.1.1

Project: System 11
Variant: 6 ST

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
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5 100 —
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Project: System 11
Variant: 6 ST

PVsyst V7.1.1
Simulation date:
07/04/21 10:54
with v7.1.1

System Production

Produced Energy 10.02 MWhiyear

Normalized productions (per installed kWp)

Main results

Specific production
Performance Ratio PR 76.02 %
Solar Fraction SF 5117 %

Performance Ratio PR

1668 KWh/kWplyear

I 1 ) ) ) I 1 12 | 1 1 ) 1 I I I
L Collsction Loss (P-anay losses) 1.33 KnkWgiday 11 [l rr: perormance Raso i - 0.7e0
— Le: System Loss (irmverier, ..} Q.92 KirkWp/day 10
k) W1 Prodused useful anergy (invenar aulput] 4.57 KWKW/day 0%
z
i
3
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec Jan  Feb  Mar  Agr May  Jun Jud Aug Sep Oct Mav  Dec -
Balances and main results

GlobHor DiffHor T_Amb Globinc GlobEff EArray E_User E_Solar E_Grid EFrGrid

EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1233 0.668 0.079 0.035 0616 0.044
February 104.1 46.44 9.45 1354 1291 0.684 0.071 0.033 0.634 0.038
March 154.7 63.04 13.37 1816 173.0 0.879 0072 0.038 0.820 0.034
April 184.3 71.51 17.01 193.4 183.8 0.911 0.070 0.038 0.850 0.032
May 2282 70.13 211 218.0 206.7 0.997 0072 0.040 0.832 0.032
June 2397 59.41 2413 217.3 205.5 0.979 0.060 0.033 0.821 0.027
July 2440 5B.79 2628 2263 2142 1.008 0.082 0.034 0.949 0.028
August 2247 56.60 2593 2281 216.5 1.009 0.062 0.034 0.850 0.028
September 1821 40.34 2364 2061 196.1 0.904 0.070 0.037 0.845 0.033
October 1443 4491 21.Mm 1841 175.5 0.851 0072 0.037 0.783 0.035
November 1029 3428 14.54 147.8 141.3 0.723 0.070 0.035 0.671 0.035
December 847 32.81 10.22 128.4 122.5 0.655 0.079 0.035 0.604 0.044
Year 1983.5 616.68 17.86 21856 20875 10.268 0.841 0.430 9 585 0411
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
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PVsyst V7.1.1
Simulation date:
07/04/21 10:54

Project: System 11

Variant: 6 ST

Loss diagram

+10.7%

0.00%
-1.98%

-3.00%

with v7.1.1
1983 kWhim®
2088 KWhim® * 31 m* coll.
efficiency at STC = 19.49%
12.53 MWh
11.27 MWh
grid
consurnption
10.02 MWh
041 9.58 MWh
touser o user to grid

N -0.20%
4 -0.53%

-5.25%

+0.75%

-2.00%

-2.12%

-1.08%

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: irradiance loss
1AM factor on global

Seiling loss factor

Effactive irradiation on collectors

PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to imadiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation

Mismateh loss, modules and strings
{including 0% for degradation dispersion

Ohmic wiring loss
Array virtual energy at MPP
Inverter Loss during operation (efficiency)

Inverier Loss over nominal inv. power

Inverter Loss due to max. input current
Inverier Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Might consumption

Available Energy at Inverter Output

Energy injected into grid

from grid from solar
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PVsyst V7.1.1
Simulation date:
07/04/21 10:54

Project: System 11
Variant: 6 ST

with v7.1.1
Special graphs
Daily Input/Output diagram
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System Output Power Distribution
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Project: System 12

‘w Variant: New simulation variant
PVsyst V7.1.1
Simulation date:
07/04/21 10:55
with v7.1.1
Project summary
Geographical Site Situation Project settings
Rijayb 15 Latitude 3219 °N Albeda 020
Palestine, State Of Longitude 35.29 °E
Altitude 498 m
Time zone UTC+2
Meteo data
Rojayb 15
Meteonorm 7.3 (1990-2004), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 12 units Mb. of units 1 Unit
Prom total 3960 Wp Prom total 5.00 kWac
Pnom ratio 0660
Results summary
Produced Energy 7.06 MWhiyear Specific production 1783 kWh/kWpfyear Perf. Ratio PR 8127 %
Solar Fraction SF 5122 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:55
with v7.1.1

Project: System 12

Variant: New simulation variant

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics

PV module Inverter
Manufacturer Hanwha Q Cells Manufacturer ABB
Model Q.POWER L-G5.2 330 Model PVI-6000-0UTD-US (277V)

{Original P\/syst database)

(Original PVsyst database)

Unit Mom. Power 330 Wp Unit Mom. Power 6.00 kWac
Number of PV modules 12 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 3860 Wp Total power 6.0 kWac
Modules 2 Strings x & In series Operating voltage 120-530 v
At operating cond. (50°C) Pnom ratio (DC:AC) 0.66
Pmpp 3565 Wp
U mpp 202 W
| mpp 18 A
Total PV power Total inverter power
Nominal (STC) 4 kWp Total power & kWac
Total 12 modules Mb. of inverters 1 Unit
Module area 233 m* Pnom ratio 0.66
Cell area 210 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 183 m
Ue {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 0.4 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (lAM): User defined profile
o 20° 40r 60° 70° 75° &0° a5° a0°
1.000 1.000 1.000 0970 0.900 0.830 0.690 0.440 0.000
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PVsyst V7.1.1

Simulation date:
07/04/21 10:55

Project: System 12

Variant: New simulation variant

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZenlth East
West South
Iso-shadings diagram
System 12
& Beam shading factor (linear calculation) : Iso-shadings curves
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PVsyst V7.1.1
Simulation date:
07/04/21 10:55
with v7.1.1

Project: System 12

Variant: New simulation variant

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
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Z 150 ~
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5 100 —
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Project: System 12

Variant: New simulation variant

PVsyst V7.1.1
Simulation date:

07/04/21 10:55
with v7.1.1

System Production

Produced Energy

7.08 MWhiyear

Main results

Specific production 1783 KWhikWplyear
Performance Ratio PR 8127 %
Solar Fraction SF 5122 %

Normalized productions (per installed kWp)

Performance Ratio PR

larmalized Eneney [EWh/EWpley|

T T T T T T
L Colection Loss (Fy-amay losses )
La: System Loss (inverier, ..}
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Balances and main results

GlobHor DiffHor T_Amb Globinc GlobEff EArray E_User E_Solar E_Grid EFrGrid

EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 3846 8.25 1291 1235 0.461 0.079 0.035 0.407 0.044
February 104.1 4716 9.44 1354 129.4 0.480 0.071 0.033 0.427 0.038
March 154.6 60.93 13.37 180.6 172.4 0.623 0072 0.038 0.559 0.034
April 184.3 70.13 17.02 183.2 184.0 0.654 0.070 0.038 0.588 0.032
May 2284 6863 2134 2174 206.7 0.719 0072 0.040 0.648 0.032
June 2397 60.98 24189 2181 207.0 0.71 0.060 0.033 0.648 0.027
July 2440 56.62 2647 2258 2142 0.727 0.082 0.034 0663 0.028
August 22456 56.79 26.00 2217 216.6 0.735 0.062 0.034 0.671 0.028
September 182.0 4821 2378 206.4 196.9 0.675 0.070 0.037 0.610 0.033
October 1442 50.08 2103 184.9 176.7 0.619 0072 0.038 0.556 0.035
November 102.8 3356 14.54 147.2 141.1 0.509 0.070 0.034 0.453 0.036
December 847 343 10.22 127.6 1221 0.453 0.079 0.035 0.389 0.044
Year 19834 626.87 18.02 21935 2090.7 7.366 0.841 0431 6628 0410
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
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Project: System 12

Variant: New simulation variant
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PVsyst V7.1.1

Simulation date:

07/04/21 10:55

with v7.1.1

1983 kWh/m?
2091 kWh/m? * 23 m? coll.
efficiency at STC = 17.00%
8.29 MWh
7.37 MWh
N 0.00%
N 0.00%
N 0.00%
N -0.03%
grid
consumption [+0.00%
7.06 MWh
0.41 E 6.63 MWh
touser touser to grid

from grid from solar

Loss diagram

+10.6%

0.00%
-1.74%
-3.00%

Global horizontal irradiation
Global incident in coll. plane

Near Shadings: irradiance loss
1AM factor on global
Solling loss factor

Effective irradiation on collectors

PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to irradiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Energy injected Into grid

14/05/21

PVsyst Licensed to

91

Page 7/8




PVsyst V7.1.1
Simulation date:
07/04/21 10:55

Project: System 12

Variant: New simulation variant

with v7.1.1
Special graphs
Daily Input/Output diagram
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Project: System 13
N w Variant: 10MR

PVsyst V7.1.1
Simulation date:
07/04/21 10:55
with v7.1.1
Project summary
Geographical Site Situation Project settings
R16 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 53T m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 30 units Mb. of units 1 Unit
Prom total 10.05 kWp Prom total 10.00 kWac
Pnom ratio 1.005
Results summary
Produced Energy 18.33 MWhiyear Specific production 1824 kWh/kWpfyear Perf. Ratio PR 83.08 %
Solar Fraction SF 51.08 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:55
with v7.1.1

Project: System 13
Variant: 10MR

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics

PV module Inverter
Manufacturer Astronergy Manufacturer Kaco new energy
Model CHSM&0M-DG-F-BH-335-Bifacial Model Blueplanet 10.0 TL3

{Original P\/syst database)

(Original PVsyst database)

Unit Mom. Power 335 Wp Unit Mom. Power 10.00 kWac
Number of PV modules 30 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 10.05 kWp Total power 10.0 kWac
Modules 2 Strings x 15 In series Operating voltage 200-800 v
At operating cond. (50°C) Pnom ratio (DC:AC) 1.01
Pmpp 920 kWp
U mpp 473V
| mpp 19 A
Total PV power Total inverter power
Nominal (STC) 10 kWp Total power 10 kWae
Total 30 modules Mb. of inverters 1 Unit
Module area 519 m* Pnom ratio 1.01
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 401 m
Uc {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
U (wind) 0.0 WimKim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20% Loss Fraction 0.8 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Loss Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %fyear
Vmp RMS dispersion 0.4 %/year
IAM loss factor
Incidence effect (IAM): Fresnel smooth glass, n = 1.526
o Kl 500 B0° 70° 75° 80° as° ag°
1.000 0.998 0.981 0.948 0.862 0.776 0.636 0.403 0.000
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= Project: System 13
Variant: 10MR

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:55

4

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZemth East
West South
Iso-shadings diagram
System 13
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 T
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PVsyst V7.1.1
Simulation date:
07/04/21 10:55
with v7.1.1

Project: System 13
Variant: 10MR

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
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PVsyst V7.1.1
Simulation date:

07/04/21 10:55
with v7.1.1

Project: System 13
Variant: 10MR

System P

Produced Energy

roduction

18.33 MWhiyear

Main results

Specific production 1824 KWh/kWplyear
Performance Ratio PR 83.08 %
Solar Fraction SF 51.08 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
Lc,l Colgclm;n Lolps [FU’-Iar'W h::;ses:l I .89 KWhikWpiday I 11 -I F‘RI. Pemlmuan:el Rabo :Y" i \‘r': B Q.S]I' I
— La: System Loss (irverier, ...} 093 KWnkWpiday 10
& ¥T. Produced useful anargy (invansr autpul] 5 KWhikWpiday ok
-?r:- o4
& T
& 05
I 04
= 03
2 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globinc GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1226 1.168 0.079 0.035 1.104 0.044
February 104.1 46.44 9.45 1354 128.3 1.213 0.071 0.033 1.151 0.038
March 154.7 63.04 13.37 1816 172.0 1.506 0072 0.038 1519 0.034
April 184.3 71.51 17.01 193.4 182.8 1.669 0.070 0.038 1.589 0.032
May 2282 70.13 211 218.0 205.4 1.843 0072 0.040 1.756 0.033
June 2397 59.41 2413 217.3 2041 1.811 0.060 0.033 1.732 0.027
July 2440 5B.79 2628 2263 2128 1.872 0.082 0.035 1.780 0.028
August 2247 56.60 2593 2281 2152 1.882 0.062 0.034 1.810 0.028
September 1821 40.34 2364 2061 185.0 1722 0.070 0.037 1.641 0.033
October 1443 4491 21.Mm 1841 174.6 1.568 0072 0.037 1491 0.035
November 1029 3428 14.54 147.8 140.6 1299 0.070 0.035 1232 0.035
December 847 32.81 10.22 128.4 121.8 1.150 0.079 0.035 1.087 0.044
Year 1983.5 616.68 17.86 21957 2075.3 18.804 0.841 0.429 17.904 0411
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for IAM and shadings EFrGrid Energy from the grid
14/05/21 PVsyst Licensed to Page 6/8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:55

Project: System 13

Variant: 10MR

with v7.1.1
2075 k! 2 * 52 m? eoll.
efficiency at STC = 19.36%
20.87 MWh
18.80 MWh
™ 0.00%
 0.00%
™~ 0.00%
™ 0.00%
_ ™ 0.00%
arid . A .0.04%
consumption
18.33 MWh
0.41 l{ 3 17.90 MWh
touser  to user to grid

from grid from solar

Loss diagram

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Seiling loss factor
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to iradiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismateh loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverier Loss during operation (efficiency)
Inverier Loss over nominal inv. power
Inverier Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverier Loss due to voltage threshold
Night consumption

Axailable Energy at Inverter Qutput

Energy Injected into grid
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Project: System 13
Variant: 10MR

PVsyst V7.1.1
Simulation date:
07/04/21 10:55

with v7.1.1
Special graphs
Daily Input/Output diagram
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Project: System 14
‘w Variant: 5N

PVsyst V7.1.1
Simulation date:
07/04/21 10:56
with v7.1.1
Project summary
Geographical Site Situation Project settings
R15+17 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 498 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 10 units Mb. of units 1 Unit
Prom total 3850 Wp Prom total 5.00 kWac
Pnom ratio 0.770
Results summary
Produced Energy 7.01 MWhiyear Specific production 1822 kWh/kWpfyear Perf. Ratio PR 8297 %
Solar Fraction SF 51.39 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
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Project: System 14
Variant: 5N

PVsyst V7.1.1
Simulation date:
07/04/21 10:56
with v7.1.1

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics

PV module Inverter
Manufacturer JA Solar Manufacturer Ingeteam
Model JAMT2-309-385-PR Model Ingecon Sun 5TL M

{Original P\/syst database)

(Original PVsyst database)

Unit Mom. Power 385 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 10 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 3850 Wp Total power 5.0 kWac
Modules 2 Strings x 5 In series Operating voltage 125-750 W
At operating cond. (50°C) Pnom ratio (DC:AC) 077
Pmpp 3494 Wp
U mpp 181 W
| mpp 19 A
Total PV power Total inverter power
Nominal (STC) 4 kWp Total power 5 kWac
Total 10 modules Mb. of inverters 1 Unit
Module area 19.7 m* Pnom ratio 077
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 157 m
Uc {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
U (wind) 0.0 WimKim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20% Loss Fraction 0.8 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Loss Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %fyear
Vmp RMS dispersion 0.4 %/year
IAM loss factor
Incidence effect (IAM): Fresnel smooth glass, n = 1.526
o Kl 500 B0° 70° 75° 80° as° ag°
1.000 0.998 0.981 0.948 0.862 0.776 0.636 0.403 0.000
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= Project: System 14

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:56

4

Variant: 5N

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZenuth East
West South
Iso-shadings diagram
System 14
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 T
. ="' Shading loss: 1% Attenuation for diffuse: 0.000 1: 22 june :
===« Shading loss: 5% and albedo: §. 12h 2: 22 may - 23 july
I Shading loss: 10% ' 1 2 3: 20 apr- 23 aug |
75 : 4: 20 mar - 23 sefy|
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
60
4
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=
2 6
B 7
30 \
15 \
b 8y
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PVsyst V7.1.1
Simulation date:
07/04/21 10:56
with v7.1.1

Project: System 14

Variant: 5N

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
2sof-
< anof-
i i
R S
Z 150 ~
2 l
5 100 —
s0f-
0
o 3 [ 9 12 15 18 21 24
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PVsyst V7.1.1
Simulation date:

07/04/21 10:56
with v7.1.1

Project: System 14
Variant: 5N

System Production

Produced Energy

7.01 MWhiyear

Main results

Specific production 1822 KWhikWplyear
Performance Ratio PR 8297 %
Solar Fraction SF 51.39 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
Lc,l Colgclm;n Lolps [FU’-Iar'W h::;ses:l I 0.9 kWhikWpiday I 11 -I F‘RI. Pemlmuan:el Rabo :Y" i \‘r': B Q.S]II:- I
— La: System Loss (irverier, ...} 0.2 KWnkWpiday 10
& ¥I. Produced usehl anangy (invarar autpul] 4,99 KWRKWDday ek
-gr:- o4
.5" o0&
& 05
i 04
= 03
2 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1226 0.448 0.079 0.035 0.402 0.044
February 104.1 46.44 9.45 1354 128.3 0.465 0.071 0.033 0.421 0.038
March 154.7 63.04 13.37 1816 172.0 0.611 0072 0.038 0.559 0.034
April 184.3 71.51 17.01 193.4 182.8 0.638 0.070 0.038 0.584 0.032
May 2282 70.13 211 2179 205.4 0.703 0072 0.040 0.646 0.032
June 2397 59.41 2413 217.3 2041 0.680 0.060 0.033 0.641 0.027
July 2440 5B.79 2628 2263 2128 0.713 0.082 0.034 0.662 0.028
August 2247 56.60 2593 2281 2152 0.720 0.062 0.034 0.670 0.028
September 1821 40.34 2364 2061 185.0 0.655 0.070 0.037 0.603 0.033
October 1443 4491 21.Mm 1841 174.5 0.588 0072 0.038 0.547 0.035
November 1029 3428 14.54 147.8 140.6 0.497 0.070 0.035 0.451 0.035
December 847 32.81 10.22 128.4 121.8 0.441 0.079 0.036 0.385 0.043
Year 1983.5 616.68 17.86 21856 2075.2 7178 0.841 0.432 6.581 0.408
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
14/05/21 PVsyst Licensed to Page 6/8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:56

Project: System 14

Variant: 5N

with v7.1.1
2075 k! * * 20 m? eoll.
efficiency at STC = 19.54%
7.99 MWh
7.18 MWh
M 0.00%
M4 0.00%
M 0.00%
M -0.02%
grid
consumption N o.00%
7.01 MWh
0.41 E.d 6.58 MWh
to user  touser to grid

from grid from solar

Loss diagram

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Seiling loss factor
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)

PV loss due to iradiance level
PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
(including 0% for degradation dispersion
Ohmic wiring loss
Array virtual energy at MPP
Inverier Loss during operation (efficiency)
Inverier Loss over nominal inv. power
Inverier Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverier Loss due to voltage threshold
Axailable Energy at Inverter QOutput

Energy injected into grid
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Project: System 14
Variant: 5N

PVsyst V7.1.1
Simulation date:
07/04/21 10:56

with v7.1.1
Special graphs
Daily Input/Output diagram
30 T T T T T T T T 7
- “alues from 01/01 1o 3112 J
251 -
5 of ]
2 | ]
Z L ]
I 15 -
o L ]
: | & ]
B 10 —
: L _
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L a 4
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©
0 L | L | L | L | L
1] F 4 <] g 10
Glabal incident in coll. plane [KWhim2/day]
System Output Power Distribution
L o e L B e e L m s ——rT T
- Values from 01/01 to 3112 1
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PVsyst - Simulation report
Grid-Connected System

Project: System 15

Variant: New simulation variant
No 3D scene defined, no shadings
System power: 6.00 kWp
R18 - Palestine, State Of
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Project: System 15

a ) . ! )
‘.al Variant: New simulation variant
PVsyst V7.1.1
Simulation date:
07/04/21 10:56
with v7.1.1
Project summary
Geographical Site Situation Project settings
R18 Latitude 3219 °N Albeda 020
Palestine, State Of Longitude 35.29 °E
Altitude 510 m
Time zone UTC+2
Meteo data
Rojayb
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System No 3D scene defined, no shadings
PV Field Orientation Near Shadings User's needs
Fixed plane No Shadings Unlimited load (grid)
TilvAzimuth 28/0°
System information
PV Array Inverters
Nb. of modules 15 units Mb. of units 1 Unit
Pnom total 600 kWp Pnom total 5.00 kWac
Pnom ratio 1.200
Results summary
Produced Energy 10.55 MWhiyear Specific production 1758 kWh/kWpfyear Perf. Ratio PR 8007 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
Main results 4
Loss diagram 5
Special graphs B
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PVsyst V7.1.1
Simulation date:

07/04/21 10:56
with v7.1.1

Project: System 15

Variant: New simulation variant

Grid-Connected System

General parameters

No 3D scene defined, no shadings

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
No Shadings Unlimited load (grid)
PV Array Characteristics

PV module Inverter
Manufacturer Trina Solar Manufacturer ABB
Model TSM-DEG15MC-20-{I}-400-Bifacial Model UNO-DM-5.0-TL-PLUS

{Original P\/syst database) (Original PVsyst database)
Unit Mom. Power 400 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 15 units Number of inverters 2*MPPT 50% 1 units
MNominal (STC) 6.00 kWp Total power 5.0 kWac
Modules 3 Strings x 5 In series Operating voltage: 90-580 V
At operating cond. (50°C) Pnom ratio (DC:AC) 120
Pmpp 5.48 kWp
U mpp 185 W
| mpp 30 A
Total PV power Total inverter power
Nominal (STC) & kWp Total power 5 kWac
Total 15 modules Mb. of inverters 1 Unit
Module area 308 m* Pnom ratio 120
Cell area 261 m*

Array losses
Thermal Loss factor DC wiring losses Module Quality Loss
Module temperature according to iradiance Global array res. 104 m Loss Fraction 0.8 %
Ue {const) 20,0 Wim K Loss Fraction 1.5 % at STC
Uv (wind) 0.0 Wim™Kim/s.
Module mismatch losses Strings Mismatch loss
Less Fraction 2.0 % at MPP Loss Fraction 0.1 %
IAM loss factor
Incidence effect (IAM): Fresnel AR coating, n{glass)=1.526, n[AR)=1.290
o 30" 50° 60° 70° 75° &0° a5° a0°
1.000 0.999 0.987 0.962 0.832 0.816 0.681 0.440 0.000
14/05/21 PVsyst Licensed to Page 3/6
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PVsyst V7.1.1
Simulation date:
07/04/21 10:56
with v7.1.1

Project: System 15

Variant: New simulation variant

Main results

System Production

Produced Energy 10.55 MWhiyear

Normalized productions (per installed kWp)
1a 1] I 1 ) ) )

Specific production
Performance Ratio PR

1758 KWh/ikWplyear
80.07 %

Performance Ratio PR

T T
Lo Collsction Laks (FY-amsy Ioss&as) 1.06 kWnkMpiday
L. Syslem Loss (imerer, ) 0,14 KWW day
W1 Produced useful anargy invertar autpul] 4 82 KWnEWp/day

Mormalined Enensy [kWhkWp iy

1 1 1
Il - Feriomanc

e Raio (Y ¥r): 0.80

Maw  Dec

Jan Feb  Mar fApr May  Jun Ju Awg Sep Oct Maw  Dec Jan Feb  Mar Apr May  Jun Jd Aug Sep Ot
Balances and main results

GlobHor DiffHor T_Amb Globlne GlobEff EArray E_Grid PR

KWh/m? KwWh/m?® °C KWh/m® EWhim?® MWh MWh ratio
January 839 38.41 8.14 1202 1271 0.698 0.678 0.874
Fabruary 104.1 46.44 9.45 1354 133.0 0.716 0.696 0.856
March 154.7 63.04 13.37 181.6 178.3 0.924 0.897 0.823
April 184.3 71.51 17.01 193.4 189.5 0.960 0.932 0.803
May 2282 7013 21.21 218.0 2131 1.057 1.027 0.785
June 239.7 59.41 2413 217.3 2118 1.042 1.012 0776
July 2440 58.79 26.28 226.3 2208 1.076 1.045 0.769
August 2247 56.60 2593 2281 2232 1.077 1.046 0.764
September 182.1 40.34 2364 206.1 202.2 0.963 0.935 0.756
Octobar 1443 4491 21.M 184.1 180.9 0.902 0.876 0.784
November 1028 3428 14.54 1478 145.7 0.761 0.739 0.833
December 847 32.81 10.22 128.4 126.3 0.686 0.667 0.866
Yeaar 1983.5 616.68 17.96 21956 21521 10.861 10.549 0.801
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globinc Global incident in coll. plane
GlobEff Effective Global, corr. for 1AM and shadings
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PVsyst V7.1.1
Simulation date:
07/04/21 10:56
with v7.1.1

Project: System

15

Variant: New simulation variant

1983 kKWh/m*

2152 KWh/m® * 31 m? coll.

Loss diagram

+10.7%

-1.88%

efficiency at STC = 19.49%

12.892 MWh

11.48 MWh

10.55 MWh

10.55 MWh

— "~

Global horizontal irradiation
Global incident in coll. plane

1AM factor on global
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)

PV loss due to iradiance level
PV loss due to temperature

Module quality loss

Mismateh loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)

Inverter Loss over nominal inv. power

Inverier Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverier Loss due to voltage threshold
Available Enargy at Invertar Qutput
Energy Injected into grid
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PVsyst V7.1.1
Simulation date:
07/04/21 10:56
with v7.1.1

Project: System 15

Variant: New simulation variant

Energy injecied inte grid [kWhiday]
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Special graphs
Daily Input/Output diagram

! I ! | ' |
- o “alues from 01/01 1o 3112

%

1] F 4 <]
Glabal incident in coll. plane [KWhim2/day]

System Output Power Distribution

T T T T T T
Values from 01/01 to 3112

Q 1 2 3
Power injected into grid [kW]
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Grid-Connected System

Project: System 16

Variant: 5JJ
Building system
System power: 4560 Wp
R19 - Palestine, State Of
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Project: System 16

a .
‘.al Variant: 5JJ
PVsyst V7.1.1
Simulation date:
07/04/21 10:57
with v7.1.1
Project summary
Geographical Site Situation Project settings
R19 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 523 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Unlimited load (grid)
TilwAzimuth 28/0°
System information
PV Array Inverters
Nb. of modules 12 units Nb. of units 1 Unit
Pnom total 4560 Wp Prom total 5.00 kWace
Priom ratio 0.912
Results summary
Produced Energy 8.35 MWh/year Specific production 1831 kWh/kWp/year Perf. Ratio PR B3.3T %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Main results 5
Loss diagram 6
Special graphs T
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PVsyst V7.1.1
Simulation date:

07/04/21 10:57
with v7.1.1

Project: System 16

Variant: 5JJ

Grid-Connected System

Building system

General parameters

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TilAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
Linear shadings Unlimited load (grid)
PV Array Characteristics
PV module Inverter
Manufacturer Philadelphia Solar Manufacturer Sungrow
Model PS-M72-380 Model SGEKTL-D
{Original P\/syst database) (Custom parameters definition)
Unit Mom. Power 380 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 12 units Number of inverters 2*MPPT 50% 1 units
MNominal (STC) 4560 Wp Total power 5.0 kWac
Modules 2 Strings x 6 In series Operating voltage: 125-560 V
At operating cond. (50°C) Pnom ratio (DC:AC) 081
Pmpp 4125 Wp
U mpp 215V
| mpp 19 A
Total PV power Total inverter power
Nominal (STC) 5 kWp Total power 5 kWac
Total 12 modules Mb. of inverters 1 Unit
Module area 234 m* Pnom ratio 0.91
Cell area 208 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30 % Module temperature according to iradiance Global array res. 187 mi
Uc (const) 29.0 WincK Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Less Fraction 20 % Loss Fraction 0.8 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %fyear
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (IAM): Fresnel AR coating, n{glass)=1.526, n[AR)=1.290
o 30" 50° 60° 70° 75° &0° a5° a0°
1.000 0.999 0.987 0.962 0.882 0.816 0.681 0.440 0.000
14/05/21 PVsyst Licensed to Page 3/7
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= Project: System 16

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:57

4

Variant: 5JJ

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZenlth East
West South
Iso-shadings diagram
System 16
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 r
. ="' Shading loss: 1% Attenuation for diffuse: 0.000 1: 22 june :
===« Shading loss: 5% and albedo: §. 12h 2: 22 may - 23 july
I Shading loss: 10% ' 1 2 3: 20 apr- 23 aug |
75 : 4: 20 mar - 23 sefy|
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
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Project: System 16

Variant: 5JJ

PVsyst V7.1.1
Simulation date:

07/04/21 10:57
with v7.1.1

System Production

Produced Energy

Normalized productions (per installed kWp)

B.35 MWhiyear

Main results

Specific production
Performance Ratio PR

1831 KWh/kWplyear
83.37 %

Performance Ratio PR

10 T T T T T T T 12 T T T T T T T T
. L Collection Loss (PY-amsy I0esas ) 083 kWrikWpiday i1 - PR: Parfarmance Ratio (YY1 ¥r) : 0.834
_ Ls: System Loss (rvener, ) .92 KWrikWiiday 10
& YT Progused useful enengy [invensr oulput] 5.02 KWIVKWo day
_2:.
=
B
E4
Jan Feb  Mar fApr May  Jun Ju Awg Sep Oct Maw  Dec Jan Feb  Mar Apr May  Jun Jud Aug Sep Oet Mav  Dec -
Balances and main results
GlobHor DiffHor T_Amb Globlne GlobEff EArray E_Grid PR
KWh/m? KwWh/m?® °C KWh/m® EWhim?® MWh MWh ratio
January 839 38.41 8.14 1202 1233 0.535 0.522 0.887
Fabruary 104.1 46.44 9.45 1354 1291 0.555 0.542 0.872
March 154.7 63.04 13.37 181.6 173.0 0.728 0.711 0.859
April 184.3 71.51 17.01 193.4 183.8 0.759 0.742 0.841
May 2282 7013 21.21 218.0 206.7 0.836 0.817 0.822
June 239.7 59.41 2413 217.3 2055 0.821 0.802 0.809
July 2440 58.79 26.28 226.3 214.2 0.847 0.827 0.802
August 2247 56.60 2593 2281 2165 0.855 0.836 0.803
September 182.1 40.34 2364 206.1 196.1 0.779 0.761 0.810
Octobar 1443 4491 21.M 184.1 175.5 0711 0.695 0.828
November 1028 3428 14.54 1478 1413 0.592 0.578 0.858
December 847 32.81 10.22 128.4 1225 0.526 0.514 0.878
Yeaar 1983.5 616.68 17.96 21956 20876 8.544 8.347 0.834
Legends
GlobHor  Global horizontal iradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globinc Global incident in coll. plane
GlobEff Effective Global, corr. for 1AM and shadings
14/05/21 PVsyst Licensed to Page 5/7
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PVsyst V7.1.1
Simulation date:
07/04/21 10:57
with v7.1.1

Project: System 16

Variant: 5JJ

1983 kKWh/m*

2088 KWh/m® * 23 m* coll.

efficiency at STC = 19.57%

9.55 MWh

8.54 MWh

8.35 MWh
8.35 MWh

I~ 0.00%
[~ 0.00%
[~ 0.00%
M -0.01%
™ 0.00%

Loss diagram

+10.7%

0.00%
-1.88%

-3.00%

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Saoiling loss facior
Effactive irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to imadiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismateh loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverier Loss during operation (efficiency)
Inverier Loss over nominal inv. power
Inverier Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output
Energy Injected into grid
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PVsyst V7.1.1
Simulation date:
07/04/21 10:57

Project: System 16
Variant: 5JJ

with v7.1.1
Special graphs
Daily Input/Output diagram
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Project: System 17

‘w Variant: New simulation variant
PVsyst V7.1.1
Simulation date:
07/04/21 10:57
with v7.1.1
Project summary
Geographical Site Situation Project settings
R20 Latitude 3219 °N Albeda 020
Palestine, State Of Longitude 35.30 "E
Altitude 524 m
Time zone UTC+2
Meteo data
Rojayb
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 16 units Mb. of units 1 Unit
Prom total 5.28 kWp Prom total 5.00 kWac
Pnom ratio 1.056
Results summary
Produced Energy 9.73 MWhi/year Specific production 1842 kWh/kWpfyear Perf. Ratio PR 8390 %
Solar Fraction SF 51.00 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
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PVsyst V7.1.1
Simulation date:

07/04/21 10:57
with v7.1.1

Project: System 17

Variant: New simulation variant

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers
Seasonal modulation
Average 2.3 kWh/Day
PV Array Characteristics
PV module Inverter
Manufacturer YIGL solar Manufacturer Huawei Technologies
Model ¥YLM 72 CELL 40mm SERIES Model SUN2000L-5KTL
{Custom parameters definition) (Custom parameters definition)
Unit Mom. Power 330 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 16 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 528 kWp Total power 5.0 kWac
Modules 2 Strings x 8 In series Operating voltage: 90-500 V
At operating cond. (50°C) Max. power (=>40°C) 5.50 kWac
Pmpp 4810 Wp Prom ratio (DC:AC) 1.06
U mpp 274 W
| mpp 18 A
Total PV power Total inverter power
Nominal (STC) 5 kWp Total power 5 kWac
Total 16 modules Mb. of inverters 1 Unit
Module area MOom* Pnom ratio 1.06
Cell area 28.0 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 260 md
Ue {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 1.3 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (IAM): Fresnel AR coating, n{glass}=1.528, n[AR)=1.290
o 30" 50° 60° 70° 75° &0° a5° a0°
1.000 0.999 0.987 0.962 0.882 0.816 0.681 0.440 0.000
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PVsyst V7.1.1

Simulation date:
07/04/21 10:57

Project: System 17

Variant: New simulation variant

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZenlth East
West South
Iso-shadings diagram
System 17
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 r
=== Shading loss: 1% Attenuation for diffuse: 0.000 1:22 june |
==== Shading loss: 5% and albedo; §.000 12h 2: 22 may - 23 july
Shading loss: 10% ' 1 2 3: 20 apr- 23 aug |
75 : 4: 20 mar - 23 sefy|
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
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4
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=
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PVsyst V7.1.1
Simulation date:
07/04/21 10:57
with v7.1.1

Project: System 17

Variant: New simulation variant

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
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Z 150 ~
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5 100 —
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0
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Project: System 17

Variant: New simulation variant

PVsyst V7.1.1
Simulation date:

07/04/21 10:57
with v7.1.1

System Production

Produced Energy

873 MWhiyear

Main results

Specific production 1842 KWh/kWplyear
Performance Ratio PR 83.90 %
Solar Fraction SF 51.00 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
Lc,l Colgclm;n Lolps [FU’-Iar'W h::;ses:l I .85 kWhikWpiday I 11 -I F‘RI. Pemlmuan:el Rabo :Y" i \‘r': B Q.S]IEI I
— La: System Loss (irverier, ...} 0.2 KWnkWpiday 10
& ¥I. Produced usefl anangy (invarar autput] 5.05 KWRKWD day ek
-gr:- o4
.5" o0&
& 05
i 04
= 03
2 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 1233 0.621 0.079 0.035 0.571 0.044
February 104.1 46.44 9.45 1354 1291 0.645 0.071 0.033 0.587 0.038
March 154.7 63.04 13.37 1816 173.0 0.847 0072 0.038 0.789 0.035
April 184.3 71.51 17.01 193.4 183.8 0.884 0.070 0.038 0.825 0.032
May 2282 70.13 211 218.0 206.7 0.976 0072 0.040 0812 0.032
June 2397 59.41 2413 217.3 205.5 0.959 0.060 0.033 0.803 0.027
July 2440 5B.79 2628 2263 2142 0.920 0.082 0.034 0.832 0.028
August 2247 56.60 2593 2281 216.5 1.000 0.062 0.034 0.942 0.028
September 1821 40.34 2364 2061 196.1 0.810 0.070 0.037 0.851 0.033
October 1443 4491 21.Mm 1841 175.5 0.830 0072 0.037 0773 0.035
November 1029 3428 14.54 147.8 141.3 0.689 0.070 0.034 0.638 0.036
December 847 32.81 10.22 128.4 122.5 0.611 0.079 0.035 0.562 0.044
Year 1983.5 616.68 17.86 21957 20876 9.960 0.841 0.429 92487 0412
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
14/05/21 PVsyst Licensed to Page 6/8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:57

Project: System

17

Variant: New simulation variant

with v7.1.1
1983 kWhim®
2088 KWhim® * 31 m* coll.
efficiency at STC = 17.03%
11.04 MWh
9.96 MWh
grid
consumption
9.73 MWh
041 E 9.30
touser  touser to grid

from grid from solar

MWh

Loss diagram

+10.7%

0.00%
-1.88%

-3.00%

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Saoiling loss facior
Effactive irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to imadiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation

Mismatch loss, modules and strings
(including 0% for degradation dispersion

Ohmic wiring loss

Array virtual energy at MPP

Inverier Loss during operation (efficiency)

Inverier Loss over nominal inv. power

Inverier Loss due to max. input current

Inverter Loss over nominal inv. voltage

Inverter Loss due to power threshold

Inverier Loss due to voltage threshold

Might consumption

Available Enargy at Inverter Output

Energy Injected into grid
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PVsyst V7.1.1
Simulation date:
07/04/21 10:57

Project: System 17

Variant: New simulation variant

with v7.1.1
Special graphs
Daily Input/Output diagram
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System Output Power Distribution
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Grid-Connected System

Project: System 18

Variant: K5,JD
Building system
System power: 4920 Wp
R22+23 - Palestine, State Of
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Project: System 18
‘w Variant: K5,JD

PVsyst V7.1.1
Simulation date:
07/04/21 10:58
with v7.1.1
Project summary
Geographical Site Situation Project settings
R22+23 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 524 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 12 units Mb. of units 1 Unit
Prom total 4920 Wp Prom total 5.00 kWac
Pnom ratio 0884
Results summary
Produced Energy B.82 MWhi/year Specific production 1793 kWh/kWpfyear Perf. Ratio PR 8165 %
Solar Fraction SF 50.62 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 5
Detailed User's needs &
Main results T
Loss diagram 8
Special graphs 9
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PVsyst V7.1.1
Simulation date:
07/04/21 10:58
with v7.1.1

Project: System 18
Variant: K5,JD

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers
Seasonal modulation
Average 2.3 kWh/Day
PV Array Characteristics
PV module Inverter
Manufacturer Canadian Solar Inc. Manufacturer Sungrow
Model CS3W-410P HE Model SGSKTL-D
{Original P\/syst database) (Custom parameters definition)
Unit Mom. Power 410 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 12 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 4820 Wp Total power 5.0 kWac
Modules 2 Strings x & In series Operating voltage 125-560 v
At operating cond. (50°C) Pnom ratio (DC:AC) 098
Pmpp 4465 Wp
U mpp 213V
| mpp A
Total PV power Total inverter power
Maominal (STC) 5 kWp Total power 5 kWac
Total 12 modules Mb. of inverters 1 Unit
Module area 265 m* Pnom ratio 0.98
Cell area 238 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 168 mi
Ue {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 0.3 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (IAM): User defined profile
10° 20° 3o 40° 50° 60" 70° a0 a0°
1.000 1.000 1.000 0.990 0.980 0.970 0.820 0.760 0.000
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il Project: System 18

g
‘ial Variant: K5,JD

PVsyst V7.1.1
Simulation date:
07/04/21 10:58
with v7.1.1

System losses

Unavailability of the system

Time fraction 20 %
7.3 days,
3 periods
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PVsyst V7.1.1
Simulation date:
07/04/21 10:58

4

Project: System 18
Variant: K5,JD

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North iZenith East
West South
Iso-shadings diagram
System 18
Beam shading factor (linear calculation) : Iso-shadings curves
90"s"'-%"""""""'zé'
| ="' Shading loss: 1 Attenuation for diffuse: 0.000 =22 e :
==== Shading loss: 5% and albedo; §.000 12h 2: 22 may - 23 july
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PVsyst V7.1.1
Simulation date:
07/04/21 10:58
with v7.1.1

Project: System 18
Variant: K5,JD

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
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5 100 —
s0f-
0
o 3 [ 9 12 15 18 21 24
14/05/21 PVsyst Licensed to Page 6/9

135




PVsyst V7.1.1
Simulation date:

07/04/21 10:58
with v7.1.1

Project: System 18
Variant: K5,JD

System Production

Produced Energy

B.B2 MWhiyear

Main results

Specific production 1793 KWhikWplyear
Performance Ratio PR 81.65 %
Solar Fraction SF 50.62 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
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— La: System Loss (irverier, ...} 0.22 KWnkWpiday 10
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Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 123.7 0.574 0.079 0.036 0.525 0.043
February 104.1 46.44 9.45 1354 129.5 0.586 0.071 0.033 0.549 0.038
March 154.7 63.04 13.37 1816 173.7 0.783 0072 0.038 0.726 0.034
April 184.3 71.51 17.01 193.4 184.7 0.818 0.070 0.039 0.760 0.032
May 2282 70.13 211 218.0 2078 0.902 0072 0.041 0.841 0.032
June 2397 59.41 2413 217.3 206.7 0.887 0.060 0.033 0.833 0.027
July 2440 5B.79 2628 2263 2153 0.916 0.082 0.031 0.776 0.031
August 2247 56.60 2593 2281 2175 0.924 0.062 0.034 0.869 0.028
September 1821 40.34 2364 2061 1871 0.841 0.070 0.037 0.784 0.033
October 1443 4491 21.Mm 1841 176.3 0.767 0072 0.038 0711 0.035
November 1029 3428 14.54 147.8 141.7 0.636 0.070 0.033 0.557 0.037
December 847 32.81 10.22 128.4 122.9 0.564 0.079 0.033 0.462 0.046
Year 1983.5 616.68 17.86 21957 20971 9208 0.841 0426 B.385 0.415
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
14/05/21 PVsyst Licensed to Page 7/9
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PVsyst V7.1.1
Simulation date:
07/04/21 10:58

Project: System 18

Variant: K5,JD

with v7.1.1
Loss diagram
1883 KWhim*
+10.7%
0.00%
-1.53%
-3.00%
2097 kWhim* * 27 m?® coll.
efficiency at STC = 1857%
10.32 MWh
9.21 MWh
4 0.00%
I 0.00%
4 0.00%
4 0.00%
M 0.00%
9.00 MWh
grid 1.95%
consumption o
042 o B39 MWh
touser  touser to grid

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Saoiling loss facior

Effective irradiation on collectors

PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to imadiance level

PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverier Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Axailable Energy at Inverter Qutput

System unavailability

Energy Injected into grid

from grid from solar
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PVsyst V7.1.1
Simulation date:
07/04/21 10:58

Project: System 18
Variant: K5,JD

with v7.1.1
Special graphs
Daily Input/Output diagram
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Project: System 19

Variant: New simulation variant
Building system
System power: 4920 Wp
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Project: System 19

2 ) . ) )
‘.al Variant: New simulation variant
PVsyst V7.1.1
Simulation date:
07/04/21 10:58
with v7.1.1
Project summary
Geographical Site Situation Project settings
R22+23 Latitude 3219 °N Albeda 020
Palestine, State Of Longitude 35.29 °E
Altitude 524 m
Time zone UTC+2
Meteo data
Rojayb
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Unlimited load (grid)
TiltfAzimuth 28/0°
System information
PV Array Inverters
Nb. of modules 12 units Nb. of units 1 Unit
Pnom total 4920 Wp Prom total 5.00 kWace
Priom ratio 0.984
Results summary
Produced Energy 9.00 MWh/year Specific production 1828 kWh/kWp/year Perf. Ratio PR B32T %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Main results 5
Loss diagram 6
Special graphs T
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PVsyst V7.1.1
Simulation date:

07/04/21 10:58
with v7.1.1

Project: System 19

Variant: New simulation variant

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TilAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
Linear shadings Unlimited load (grid)
PV Array Characteristics
PV module Inverter
Manufacturer Canadian Solar Inc. Manufacturer Sungrow
Model CS3W-410P HE Model SGEKTL-D
{Original P\/syst database) (Custom parameters definition)
Unit Mom. Power 410 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 12 units Number of inverters 2*MPPT 50% 1 units
MNominal (STC) 4820 Wp Total power 5.0 kWac
Modules 2 Strings x 6 In series Operating voltage: 125-560 V
At operating cond. (50°C) Pnom ratio (DC:AC) 058
Pmpp 4465 Wp
U mpp 213V
| mpp 21 A
Total PV power Total inverter power
Nominal (STC) 5 kWp Total power 5 kWac
Total 12 modules Mb. of inverters 1 Unit
Module area 265 m* Pnom ratio 0.98
Cell area 238 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 168 mi
Uc {const) 29.0 WimPK Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Less Fraction 20 % Loss Fraction 0.3 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %fyear
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (IAM): User defined profile
10° 20° 3o 40° 50° 60" 70° a0 a0°
1.000 1.000 1.000 0.990 0.980 0.970 0.820 0.760 0.000
14/05/21 PVsyst Licensed to Page 3/7
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PVsyst V7.1.1

Simulation date:
07/04/21 10:58

Project: System 19

Variant: New simulation variant

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZemth East
West South
Iso-shadings diagram
System 19
& Beam shading factor (linear calculation) : Iso-shadings curves
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PVsyst V7.1.1
Simulation date:
07/04/21 10:58
with v7.1.1

Project: System 19

Variant: New simulation variant

Main results

System Production
Produced Energy

Normalized productions (per installed kWp)

9.00 MWhiyear

Specific production
Performance Ratio PR

1828 KWh/kWplyear
83.27 %

Performance Ratio PR

10 T T T T T T T 12 T T T T T T T T
. L Collection Loss (PY-amsy I0esas ) 089 kwWrikMpiday i1 - PR: Parfarmance Ratio (YY1 ¥r) : 0.833
_ Ls: System Loss (rvener, ) .92 KWrikWiiday 10
& T Progused useful enenyy (invensr oulput] 5.01 KWIVKWa/day
_2:.
=
B
E4
Jan Feb  Mar fApr May  Jun Ju Awg Sep Oct Maw  Dec Jan Feb  Mar Apr May  Jun Jud Aug Sep Oet Mav  Dec -
Balances and main results
GlobHor DiffHor T_Amb Globlne GlobEff EArray E_Grid PR
KWh/m? KwWh/m?® °C KWh/m® EWhim?® MWh MWh ratio
January 839 38.41 8.14 1202 123.7 0.574 0.560 0.881
Fabruary 104.1 46.44 9.45 1354 1295 0.596 0.582 0.874
March 154.7 63.04 13.37 181.6 173.7 0.783 0.765 0.856
April 184.3 71.51 17.01 193.4 1847 0.818 0.799 0.840
May 2282 7013 21.21 218.0 207.8 0.902 0.882 0.822
June 239.7 59.41 2413 217.3 206.7 0.887 0.866 0.810
July 2440 58.79 26.28 226.3 215.3 0.916 0.894 0.803
August 2247 56.60 2593 2281 2175 0.924 0.903 0.804
September 182.1 40.34 2364 206.1 1871 0.841 0.822 0.811
Octobar 1443 4491 21.M 184.1 176.3 0.767 0.749 0.827
November 1028 3428 14.54 1478 141.7 0.636 0.621 0.854
December 847 32.81 10.22 128.4 1229 0.564 0.551 0.873
Yeaar 1983.5 616.68 17.96 21957 20971 9.207 8.996 0.833
Legends
GlobHor  Global horizontal iradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globinc Global incident in coll. plane
GlobEff Effective Global, corr. for 1AM and shadings
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PVsyst V7.1.1
Simulation date:
07/04/21 10:58
with v7.1.1

Project: System 19

Variant: New simulation variant

1983 kKWh/m*

2097 kWh/m* * 27 m? coll.

efficiency at STC = 1857%

10.32 MWh

9.21 MWh

9.00 MWh
9.00 MWh

4 0.00%
M 0.00%
M 0.00%
M 0.00%
N 0.00%

Loss diagram

+10.7%

0.00%
-1.53%

-3.00%

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Soiling loss factor
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)

PV loss due to iradiance level
PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohrnic wiring loss

Array virtual energy at MPP

Inverier Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverier Loss due to max. input current
Inverier Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverier Loss due to voltage threshold
Available Enargy at Inverter Output
Energy injected into grid
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Project: System 19

Variant: New simulation variant

PVsyst V7.1.1
Simulation date:
07/04/21 10:58

with v7.1.1
Special graphs
Daily Input/Output diagram
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Project: System 20

Variant: 40EKH
Building system
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Project: System 20

‘agn Variant: 40EKH
PVsyst V7.1.1
Simulation date:
07/04/21 10:59
with v7.1.1
Project summary
Geographical Site Situation Project settings
R24 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.30 "E
Altitude 535 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 87 units Mb. of units 2 units
Prom total 35.7 kWp Prom total 40.0 kWac
Pnom ratio 0892
Results summary
Produced Energy 65.24 MWhiyear Specific production 1829 kWh/kWpfyear Perf. Ratio PR 83.30 %
Solar Fraction SF 50.85 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 5
Detailed User's needs &
Main results T
Loss diagram 8
Special graphs 9
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PVsyst V7.1.1
Simulation date:
07/04/21 10:59
with v7.1.1

Project: System 20
Variant: 40EKH

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics
PV module Inverter
Manufacturer Canadian Solar Inc. Manufacturer Kaco new energy
Model CS1U - 410M3 Model Blueplanet 20.0 TL3
{Original P\/syst database) (Original PVsyst database)
Unit Mom. Power 410 Wp Unit Mom. Power 20.0 kWac
Number of PV modules 87 units Mumber of inverters 2 units
MNominal (STC) 357 kWp Total power 40.0 kWac
Array #1 - PV Array
MNumber of PV modules 42 units Mumber of inverters 2*MPPT 50% 1 units
Nominal (STC) 17.22 kWp Total power 20.0 kWac
Modules 3 Strings x 14 In series
At operating cond. (50°C) Operating voltage: 200-800 v
Pmpp 1565 kWp Pnom ratio (DC:AC) 0.86
U mpp 564 W
| mpp 28 A
Array #2 - Sub-array #2
MNumber of PV modules 45 units Mumber of inverters 2*MPPT 50% 1 units
Nominal (STC) 18.45 kWp Total power 20.0 kWac
Modules 3 Strings x 15 In series
At operating cond. (50°C) Operating voltage: 200-800 v
Pmpp 16.77 kWp Pnom ratio (DC:AC) 082
U mpp 605 W
| mpp 28 A
Total PV power Total inverter power
Nominal (STC) 36 kWp Total power 40 kWac
Taotal 87 modules Nb. of inverters 2 units
Module area 178 m* Pnom ratio 0.89
Cell area 173 m*
Array losses

Array Soiling Losses

Thermal Loss factor

LID - Light Induced Degradation

Loss Fraction 30% Module temperature according to irradiance Loss Fraction 20%
Uc {const) 29 0 Wim*K
Uv (wind) 0.0 Wim*K/im/s
Module Quality Loss Module mismatch losses Strings Mismatch loss
Loss Fraction 0.3 % Loss Fraction 2.0 % at MPP Loss Fraction 0.1 %
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PVsyst V7.1.1
Simulation date:

07/04/21 10:59
with v7.1.1

Project: System 20

Variant: 40EKH

Module average degradation

Year no
Loss factor

1
0.4 “%lyear

Mismatch due to degradation

Imp RMS dispersion

Vmp RMS dispersion

1AM loss factor

0.4 %lyear
0.4 %lyear

Incidence effect (IAM): User defined profile

Array losses

10°

20°

ar

40°

50°

60°

70"

a0*

1.000

1.000

1.000

0.990

0.980

0.970

0.920

0.760

0.000

Global wiring resistance

Less Fraction

Array #1 - PV Array

Global array res.
Loss Fraction

10 mQ
15 % at STC

339 mO
15 % at 3TC

DC wiring losses

Array #2 - Sub-array #2

Global array res.
Loss Fraction

364 mO
1.5 % at 3TC
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PVsyst V7.1.1
Simulation date:
07/04/21 10:59

4

Project: System 20
Variant: 40EKH

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North :Zenith East
South
West
Iso-shadings diagram
System 20
& Beam shading factor (linear calculation) : Iso-shadings curves
—rr 77 r
=== Shading loss: 1% Attenuation for diffuse: 0.000 1:22 june |
==== Shading loss: 5% and albedo; §.000 12h 2: 22 may - 23 july
Shading loss: 10% ' 1 2 3: 20 apr- 23 aug |
75 : 4: 20 mar - 23 sefy|
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
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PVsyst V7.1.1
Simulation date:
07/04/21 10:59
with v7.1.1

Project: System 20
Variant: 40EKH

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
2sof-
< anof-
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Z 150 ~
2 l
5 100 —
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0
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PVsyst V7.1.1
Simulation date:

07/04/21 10:59
with v7.1.1

Project: System 20
Variant: 40EKH

System Production

Produced Energy

6524 MWhiyear

Main results

Specific production 1829 KWh/kWplyear
Performance Ratio PR 83.30 %
Solar Fraction SF 50.85 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
Lc,l Colgclm;n Lolps [FU’-Iar'W h::;ses:l I .88 kWhikWpiday I 11 -I F‘RI. Pemlmuan:el Rabo :Y" i \‘r': B Q.S]IS I
— La: System Loss (irverier, ...} 0.2 KWnkWpiday 10
& ¥I. Produced usefl anangy (invarar autput] 5.01 KWK day ok
-gr:- o4
.5" o0&
& 05
i 04
= 03
2 02
o4
Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 123.7 4.162 0.079 0.035 4.029 0.044
February 104.1 46.44 9.45 1354 129.5 4.324 0.071 0.032 4.189 0.038
March 154.7 63.04 13.37 1816 173.7 5678 0072 0.038 5507 0.035
April 184.3 71.51 17.01 193.4 184.7 5932 0.070 0.038 5.755 0.032
May 2282 70.13 211 218.0 2078 6.550 0072 0.040 6.357 0.033
June 2397 59.41 2413 217.3 206.7 6.441 0.060 0.034 6.255 0.026
July 2440 5B.79 2628 2263 2153 6.650 0.082 0.036 6458 0.027
August 2247 56.60 2593 2281 2175 6.711 0.062 0.033 6.520 0.029
September 1821 40.34 2364 2061 1871 6.088 0.070 0.037 5808 0.033
October 1443 4491 21.Mm 1841 176.3 5563 0072 0.037 5386 0.038
November 1029 3428 14.54 147.8 141.7 4614 0.070 0.034 4471 0.036
December 847 32.81 10.22 128.4 122.9 4.084 0.079 0.034 3963 0.045
Year 1983.5 616.68 17.86 21856 20971 66.808 0.841 0427 64.808 0413
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
14/05/21 PVsyst Licensed to Page 7/9
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PVsyst V7.1.1
Simulation date:
07/04/21 10:59

Project: System 20

Variant: 40EKH

with v7.1.1
2097 kWhim® * 179 m? coll.
efficiency at STC = 18.93%
75.0 MWh
66.9 MWh
[~ -0.07%
™~ 0.00%
™~ 0.00%
[~ 0.00%
N 0.00%
arid
consumption [4-0.02%
65.2 MWh
04 o4 B48 MWh
io user  ftouser to grid
from grid from solar

Loss diagram

Global horizontal irradiation
Global incident in coll. plane

Mear Shadings: iradiance loss
1AM factor on global

Soiling loss factor
Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)

PV loss due to iradiance level
PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverier Loss due to max. input current
Inverier Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverier Loss due to voltage threshold
Might consumption

Available Enargy at Inverter Qutput

Energy injected into grid
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Project: System 20
Variant: 40EKH

PVsyst V7.1.1
Simulation date:
07/04/21 10:59

with v7.1.1
Special graphs
Daily Input/Output diagram
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Project: System 21

Variant: 5AD
Building system
System power: 6.56 kWp
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Project: System 21
‘w Variant: 5AD

PVsyst V7.1.1
Simulation date:
07/04/21 10:59
with v7.1.1
Project summary
Geographical Site Situation Project settings
R25 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.30 "E
Altitude 558 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 16 units Mb. of units 1 Unit
Prom total 6.56 kWp Prom total 5.00 kWac
Pnom ratio 1.083
Results summary
Produced Energy 11.81 MWhiyear Specific production 1816 kWh/kWpfyear Perf. Ratio PR 8269 %
Solar Fraction SF 51.70 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
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PVsyst V7.1.1
Simulation date:
07/04/21 10:59
with v7.1.1

Project: System 21
Variant: 5AD

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm

Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers

Seasonal modulation

Average 2.3 kWh/Day

PV Array Characteristics

PV module Inverter
Manufacturer Canadian Solar Inc. Manufacturer ABB
Model CS3W-410P HE Model UNO-DM-6.0-TL-PLUS-US (240V)

{Original P\/syst database)

(Original PVsyst database)

Unit Mom. Power 410 Wp Unit Mom. Power 6.00 kWac
Number of PV modules 16 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 6.56 kWp Total power 6.0 kWac
Modules 2 Strings x B In series Operating voltage 90-580 W
At operating cond. (50°C) Pnom ratio (DC:AC) 1.08
Pmpp 5.95 kWp
U mpp 283 VW
| mpp A
Total PV power Total inverter power
Nominal (STC) 7 kWp Total power & kWac
Total 16 modules Mb. of inverters 1 Unit
Module area BIm* Pnom ratio 1.09
Cell area MNTm
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 224 mid
Ue {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 0.3 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (lAM): User defined profile
10° 20° 3o 40° 50° 60" 70° a0 a0°
1.000 1.000 1.000 0.990 0.980 0.970 0.820 0.760 0.000
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= Project: System 21
Variant: 5AD

<

PVsyst V7.1.1
Simulation date:
07/04/21 10:59

4

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North EZemth East
West South
Iso-shadings diagram
System 21
& Beam shading factor (linear calculation) : Iso-shadings curves
e PN I s e B o e O R - r
=== Shading loss: 1% Attenuation for diffuse: 0.000 1:22 june |
==== Shading loss: 5% and albedo; §.000 12h 2: 22 may - 23 july
Shading loss: 10% ' 11 2 3:20 apr - 23 aug |
75 : 4: 20 mar - 23 sefy|
3 5: 21 feb - 23 oct
) 6: 19 jan - 22 nov |
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PVsyst V7.1.1
Simulation date:
07/04/21 10:59
with v7.1.1

Project: System 21
Variant: 5AD

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
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PVsyst V7.1.1
Simulation date:

07/04/21 10:59
with v7.1.1

Project: System 21
Variant: 5AD

System P

Produced Energy

roduction

11.91 MWhiyear

Main results

Specific production 1816 KWh/kWplyear
Performance Ratio PR 82.69 %
Solar Fraction SF 51.70 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
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— La: System Loss (irverier, ...} 095 KWnkWpiday 10
& ¥T. Produced useful anangy (invarar autput] 497 KIWRKWp/ day ok
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& 05
I 04
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Mar  Apr May  Jun Jul Afwg Sep Oct Maw  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globinc GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 899 kLD 8.14 129.2 123.7 0.765 0.079 0.036 0.705 0.043
February 104.1 46.44 9.45 1354 129.5 0.794 0.071 0.033 0.737 0.038
March 154.7 63.04 13.37 1816 173.7 1.044 0072 0.038 0.974 0.034
April 184.3 71.51 17.01 193.4 184.7 1.091 0.070 0.039 1.019 0.031
May 2282 70.13 211 218.0 2078 1.203 0072 0.041 1127 0.032
June 2397 59.41 2413 217.3 206.7 1.183 0.060 0.033 1.114 0.027
July 2440 5B.79 2628 2263 2153 1221 0.082 0.034 1150 0.028
August 2247 56.60 2593 2281 2175 1.232 0.062 0.034 1.162 0.028
September 1821 40.34 2364 2061 1871 1122 0.070 0.037 1.0582 0.033
October 1443 4491 21.Mm 1841 176.3 1.022 0072 0.038 0.854 0.035
November 1029 3428 14.54 147.8 141.7 0.848 0.070 0.035 0.787 0.035
December 847 32.81 10.22 128.4 122.9 0.752 0.079 0.036 0.684 0.043
Year 1983.5 616.68 17.86 21957 20971 12277 0.841 0.435 11.476 0.408
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for IAM and shadings EFrGrid Energy from the grid
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Project: System 21

wol
i .
QI Variant: 5AD
PVsyst V7.1.1
Simulation date:
07/04/21 10:59
with v7.1.1
Loss diagram
1983 kWh/m? Global horizontal irradiation
+10.7% Global incident in coll. plane
0.00% Near Shadings: irradiance loss
-1.53% 1AM factor on global
-3.00% Solling loss factor
2097 kWh/m* * 35 m* coll. Effective irradiation on collectors
efficiency at STC = 18.57% PV conversion
13.76 MWh Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)
PV loss due to irradiance level
PV loss due to temperature
Module quality loss
LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss
12.28 MWh Array virtual energy at MPP
Inverter Loss during operation (efficiency)
N 0.00% Inverter Loss over nominal inv. power
N 0.00% Inverter Loss due to max. input current
N 0.00% Inverter Loss over nominal inv. voltage
N 0.00% Inverter Loss due to power threshold
grid
consumption N 0.00% Inverter Loss due to voltage threshold
11.91 MWh Available Energy at Inverter Output
0.41 1148 MWh Energy Injected into grid
touser touser to grid
from grid from solar
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Project: System 21
Variant: 5AD

PVsyst V7.1.1
Simulation date:
07/04/21 10:59

with v7.1.1
Special graphs
Daily Input/Output diagram
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Variant: New simulation variant
Building system
System power: 4800 Wp
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Project: System 22

‘w Variant: New simulation variant
PVsyst V7.1.1
Simulation date:
07/04/21 11:00
with v7.1.1
Project summary
Geographical Site Situation Project settings
Rijayb 27 Latitude 32.20 °N Albeda 020
Palestine, State Of Longitude 35.30 "E
Altitude 470 m
Time zone UTC+2
Meteo data
Rojayb 27
Meteonorm 7.3 (1990-2004), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 12 units Mb. of units 1 Unit
Prom total 4800 Wp Prom total 4960 W
Pnom ratio 0.968
Results summary
Produced Energy B.81 MWhi/year Specific production 1835 kWh/kWpfyear Perf. Ratio PR 83.39 %
Solar Fraction SF 51.07 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 4
Detailed User's needs 5
Main results [
Loss diagram 7
Special graphs 8
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PVsyst V7.1.1
Simulation date:

07/04/21 11:00
with v7.1.1

Project: System 22

Variant: New simulation variant

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers
Seasonal modulation
Average 2.3 kWh/Day
PV Array Characteristics
PV module Inverter
Manufacturer Trina Solar Manufacturer Huawei Technologies
Model TSM-DEG15MC-20-{I1)}-400-Bifacial Model SUN2000L-4 95KTL-JP
{Original P\/syst database) (Original PVsyst database)
Unit Mom. Power 400 Wp Unit Mom. Power 4.85 kWac
Number of PV modules 12 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 4800 Wp Total power 5.0 kWac
Modules 2 Strings x 6 In series Operating voltage: 90-500 V
At operating cond. (50°C) Pnom ratio (DC:AC) 097
Pmpp 4381 Wp
U mpp 222V
| mpp 20 A
Total PV power Total inverter power
Maominal (STC) 5 kWp Total power 5 kWac
Total 12 modules Mb. of inverters 1 Unit
Module area 246 m* Pnom ratio 0487
Cell area 208 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 187 m
Ue {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 0.8 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (IAM): Fresnel AR coating, n{glass}=1.528, n[AR)=1.290
o 30" 50° 60° 70° 75° &0° a5° a0°
1.000 0.999 0.987 0.962 0.882 0.816 0.681 0.440 0.000
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PVsyst V7.1.1

Simulation date:
07/04/21 11:00

Project: System 22

Variant: New simulation variant

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North Zenith East
West South
Iso-shadings diagram
System 22
& Beam shading factor (linear calculation) : Iso-shadings curves
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PVsyst V7.1.1
Simulation date:
07/04/21 11:00
with v7.1.1

Project: System 22

Variant: New simulation variant

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
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Project: System 22

Variant: New simulation variant

PVsyst V7.1.1
Simulation date:

07/04/21 11:00
with v7.1.1

System Production

Produced Energy

B.81 MWhiyear

Main results

Specific production 1835 KWh/kWplyear
Performance Ratio PR 83.39 %
Solar Fraction SF 51.07 %

Normalized productions (per installed kWp)

Performance Ratio PR

12
|_.:,I Colgclm;n Lol[,s [FU’-Iar'W Iolsses:l I 0BT KiWRikWiniday I 11 -I PRI. Peﬂalmuan:el Ratio :Y" i Yr':. a.s:ld I
— La: System Loss (irverier, ...} 093 KWnkWpiday 10
& ¥T. Produced usehl anangy (invarar autpul] 5.05 KWRKWD day sk
-fr:- o4
.5" o0&
& 05
i 04
= 03
2 02
o4
Mug  Sep Dot Mav  Dec ol Jan Feb  Mar Apr May  Jun Ju Aug Sep Oct Moy Dec
Balances and main results
GlobHor DiffHor T_Amb Globlnec GlobEff EArray E_User E_Solar E_Grid EFrGrid
EWh/m?® KWhim? °C kWhm? EWhim? MWh MWh MWh MWh MWh
January 20.0 3834 8.24 129.3 123.4 0.561 0.079 0.035 0.511 0.044
February 104.1 42.73 9.54 136.6 130.3 0.586 0.071 0.033 0.539 0.038
March 154.7 62.58 1347 181.7 173.1 0.766 0072 0.038 0.709 0.034
April 184.3 66.76 17.02 184.5 184.9 0.802 0.070 0.038 0.743 0.032
May 2283 71.41 213 2178 206.4 0.882 0072 0.040 0.820 0.032
June 2397 58.18 2424 217.8 206.1 0.870 0.060 0.033 0.815 0.027
July 2440 58.38 26.40 2265 2143 0.897 0.082 0.034 0.841 0.028
August 2247 57.13 26.03 2283 216.7 0.907 0.062 0.034 0.851 0.028
September 181.9 46.65 2384 207.0 1871 0.830 0.070 0.037 0773 0.033
October 1443 4855 211 185.0 176.4 0.757 0072 0.038 0.701 0.035
November 1029 3529 1464 147.3 140.8 0.622 0.070 0.035 0.571 0.035
December 848 32.16 10.32 128.4 1226 0.553 0.079 0.035 0.504 0.044
Year 1983.5 618.17 18.06 22001 2092.0 9034 0.841 0.429 Ba77 0411
Legends
GlobHor  Global horizontal iradiation Edrray Effective energy at the output of the amay
DiffHor Horizontal diffuse irradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Solar Energy from the sun
Globinc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |1AM and shadings EFrGrid Energy from the grid
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Project: System 22

||I.
Viny - —— -
n Variant: New simulation variant
PVsyst V7.1.1
Simulation date:
07/04/21 11:00
with v7.1.1
Loss diagram
1984 kWh/m? Global horizontal irradiation
+10.9% Global incident in coll. plane
0.00% Mear Shadings: iradiance loss
-1.97% 1AM factor on global
-3.00% Saoiling loss facior
2092 KWhim® * 25 m* coll. Effactive irradiation on collectors
efficiency at STC = 19.48% PV conversion
10.05 MWh Array nominal energy (at STC effic.)
M -0.20% Module Degradation Loss ( for year #1)
™ -0.53% PV loss due to iradiance level
52T% PV loss due to temperature
+0.75% Module quality loss
-2.00% LID - Light induced degradation
-2.10% Mismateh loss, modules and strings
-1.08% Ohmic wiring loss
9.03 MWh Array virtual energy at MPP
-2.45% Inverter Loss during operation (efficiency)
Inverier Loss over nominal inv. power
Inverter Loss due to mas. input curment
Inverter Loss over nominal inv. voltage
Inverier Loss due to power threshold
Inverter Loss due to voltage threshold
grid . .
consumol Night consumption
881 MWh Axailable Energy at Inverter Qutput
0.41 L 8.38 MWh Energy Injected into grid
touser o user to grid
from grid from solar
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Project: System 22

Variant: New simulation variant

PVsyst V7.1.1
Simulation date:
07/04/21 11:00

with v7.1.1
Special graphs
Daily Input/Output diagram
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Building system
System power: 4760 Wp
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Project: System 23
‘w Variant: K5

PVsyst V7.1.1
Simulation date:
07/04/21 11:02
with v7.1.1
Project summary
Geographical Site Situation Project settings
R29 Latitude 3219 °N Albedo 0.20
Palestine, State Of Longitude 35.29 "E
Altitude 516 m
Time zone UTC+2
Meteo data
Rajayt
Meteonorm 7.3 (2006-2011), Sat=100% - Synthetic
System summary
Grid-Connected System Building system
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed plane Linear shadings Duaily household consumers
TiltfAzimuth 28/0° Seasonal modulation
Average 2.3 kWh/Day
System information
PV Array Inverters
Nb. of modules 14 units Mb. of units 1 Unit
Prom total 4760 Wp Prom total 5.00 kWac
Pnom ratio 0.852
Results summary
Produced Energy B.47 MWhi/year Specific production 1780 kWh/kWpfyear Perf. Ratio PR 81.05 %
Solar Fraction SF 50.54 %
Table of contents
Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
MNear shading definition - lso-shadings diagram 5
Detailed User's needs &
Main results T
Loss diagram 8
Special graphs 9
Cost of the system 10
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PVsyst V7.1.1
Simulation date:
07/04/21 11:02
with v7.1.1

Project: System 23
Variant: K5

Grid-Connected System

General parameters

Building system

PV Field Orientation Horizon
Orlentation Models used Free Horizon
Fixed plane Transposition Perez
TiltfAzimuth 28/0° Diffuse Perez, Meteonorm
Circumsolar separate
Near Shadings User's needs
Linear shadings Daily household consumers
Seasonal modulation
Average 2.3 kWh/Day
PV Array Characteristics
PV module Inverter
Manufacturer Canadian Solar Inc. Manufacturer Sungrow
Model CS6U-340M Model SGSKTL-D
{Original P\/syst database) (Custom parameters definition)
Unit Mom. Power 340 Wp Unit Mom. Power 5.00 kWac
Number of PV modules 14 units Mumber of inverters 2 *MPPT 50% 1 units
MNominal (STC) 4760 Wp Total power 5.0 kWac
Modules 2 Strings x 7 In series Operating voltage 125-560 v
At operating cond. (50°C) Pnom ratio (DC:AC) 095
Pmpp 4270 Wp
U mpp 23TV
| mpp 18 A
Total PV power Total inverter power
Maominal (STC) 5 kWp Total power 5 kWac
Total 14 modules Mb. of inverters 1 Unit
Module area 272 m* Pnom ratio 0.95
Cell area 246 m*
Array losses
Array Soiling Losses Thermal Loss factor DC wiring losses
Loss Fraction 30% Module temperature according to irradiance Global array res. 222 mid
Ue {const) 29 0 Wim*K Loss Fraction 1.5 % at STC
Uv {wind) 0.0 Wim*Kim/s
LID - Light Induced Degradation Module Quality Loss Module mismatch losses
Loss Fraction 20 % Loss Fraction 0.4 % Loss Fraction 2.0 % at MPP
Strings Mismatch loss Module average degradation
Less Fraction 01 % Year no 1
Loss factor 0.4 %fyear
Mismatch due to degradation
Imp RMS dispersion 0.4 %/year
Vmp RMS dispersion 0.4 %fyear
IAM loss factor
Incidence effect (IAM): User defined profile
10° 20° 3o 40° 50° 60" 70° a0 a0°
0.998 0.998 0.995 0.992 0.986 0.970 0917 0.763 0.000
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il Project: System 23

il
‘Ial Variant: K5
PVsyst V7.1.1
Simulation date:

07/04/21 11:02
with v7.1.1

System losses

Unavailability of the system

Time fraction 20 %
7.3 days,
3 periods
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PVsyst V7.1.1
Simulation date:
07/04/21 11:02

4

Project: System 23
Variant: K

with v7.1.1
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North iZenith East
West South
Iso-shadings diagram
System 23
Beam shading factor (linear calculation) : Iso-shadings curves
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PVsyst V7.1.1
Simulation date:
07/04/21 11:02
with v7.1.1

Project: System 23

Variant: K5

Detailed User's needs
Draily household consumers, Seasonal modulation, average = 2.3 kWhiday

Summer (Jun-Aug) Autumn (Sep-Nov)
Number | Power Use Energy Number | Power Use Energy
W Hour/lday | Whiday W Hour/day | Whiday
Lamps (LED or fluo) [ 10Wilamp| 4.0 240 Lamps (LED or fluo) 3] 10W/lamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 30 225 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 200W/ app) 30 600 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge / Deep-freeze 1 24 799 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Tatal daily energy P00 W/ day Total daily energy 234 3Whiday
Winter (Dec-Feb) Spring (Mar-May)
MNumber | Power Use Energy MNumber | Power Use Energy
W Hourlday | Whiday W Houriday | Whiday
Lamps (LED or flua) [ 10Wilamp| 6.0 360 Lamps (LED or flua) G 10Wiamp| 5.0 300
TV PC ! Mobile 1 T5Wiapp 6.0 450 TV I PC ! Mobile 1 TSW/app 4.0 300
Domestic appliances 1 PO0W/app| 4.0 800 Domestic appliances 1 P00W/app| 4.0 BOD
Fridge ! Deep-freeze 1 24 789 Fridge | Deep-freeze 1 24 799
Stand-by consumers 240 144 Stand-by consumers 24.0 144
Total daily energy P553Wh/day Total daily energy 2343Whiday
Hourly distribution
200 T ™ L
2sof-
< anof-
i i
R S
Z 150 ~
2 l
5 100 —
s0f-
0
o 3 [ 9 12 15 18 21 24
14/05/21 PVsyst Licensed to Page 6/10

176




PVsyst V7.1.1
Simulation date:
07/04/21 11:02
with v7.1.1

Project: System 23

Variant: K5

System Production
Produced Energy

Economic evaluation

Investment
Global 5'000.00 USD
Specific 1.05 USD/Wp

B.4AT MWhiyear

Yearly cost
Annuities
Running Costs
Payback period

Normalized productions (per installed kWp)

Main results

Specific production
Performance Ratio PR
Solar Fraction SF

0.00
0.00
Unprofitable

1780 KWh/ikWplyear
81.05 %
50.54 %

LCOE

USDiyr Energy cost 0.02 USD/EWh

USDiyr

Performance Ratio PR
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Balances and main results

GlobHor DiffHor T_Amb Globine GlobEff EArray E_User E_Solar E_Grid EFrGrid

KwWh/m® KWhim?® °C KWhim® EWhim? MWh MWh MWh MWh MWh
January 899 B4 8.14 129.2 123.4 0.554 0.079 0.036 0.506 0.043
February 104 .1 46.44 9.45 1354 129.3 0.575 0.071 0.033 0.529 0.038
March 154.7 63.04 13.37 181.6 173.4 0.754 0072 0.038 0.698 0.034
April 184.3 71.51 17.01 1934 184 .4 0.786 0.070 0.038 0.730 0.032
May 2282 T0.13 214 218.0 207.4 0.866 0072 0.041 0.805 0.032
June 2397 58.41 2413 217.3 206.3 0.850 0.060 0.033 0.787 0.027
July 2440 58.79 26.28 2263 2148 0.876 0.062 0.031 0.742 0.031
August 2247 56.60 2593 2281 2171 0.884 0.062 0.034 0.830 0.028
September 182.1 40.34 2364 206.1 196.7 0.805 0.070 0.037 0.748 0.033
October 1443 4491 2101 184.1 175.9 0.735 0.072 0.038 0.681 0.035
November 1029 3428 14.54 147.8 141.4 0.612 0.070 0.033 0.535 0.038
December 847 32.81 10.22 128.4 1226 0.545 0.079 0.033 0.445 0.048
Year 1983.5 616.68 17.96 21956 2093.0 8843 0.841 0.425 8.046 0418
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse iradiation E_User Energy supplied to the user
T_Amb Ambient Temperature E_Salar Energy from the sun
Globlnc Global incident in coll. plane E_Grid Energy injected into grid
GlobEff Effective Global, corr. for |AM and shadings EFrGrid Energy from the grid
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il Project: System 23

il
g Variant: K5

PVsyst V7.1.1
Simulation date:
07/04/21 11:02
with v7.1.1

Loss diagram

1983 kWh/m? Global horizontal irradiation
+10.7% Global incident in coll. plane

+0.00% Mear Shadings: iradiance loss
-1.73% 1AM factor on global

-3.00% Saoiling loss facior

2083 kWh/m® * 27 m* coll. Effective irradiation on collectors

efficiency at STC = 17.49% PV conversion

9.96 MWh Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #1)

PV loss due to imadiance level
PV loss due to temperature

Module quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

8.84 MWh Array virtual energy at MPP

Inverter Loss during operation (efficiency)
4 0.00% Inverter Loss over nominal inv. power

™ 0.00% Inverter Loss due to max. input curment

M 0.00% Inverier Loss over nominal inv. voltage

M -0.01% Inverter Loss due to power threshold

™ 0.00% Inverter Loss due to voltage threshold
8.64 MWh Available Energy at Inverter Output

grid

consumol -1.85% System unavailability

042 0) 8.05 MWh Energy Injected into grid

touser  touser to grid

from grid from solar
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Project: System 23
Variant: K5

PVsyst V7.1.1
Simulation date:
07/04/21 11:02

with v7.1.1
Special graphs
Daily Input/Output diagram
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