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Abstract. This research aims to explore the economic and technical feasibility of residential solar
panel adoption in Algeria, specifically in its arid and hot regions. By analyzing the potential for
solar energy generation and assessing the economic viability of solar panel systems, this study
aims to evaluate the financial impact on energy bill savings and the economic feasibility of solar
panel adoption. A case study of a residential building located in the city of Biskra is used as a
representation of the potential for solar energy in these specific areas, along with real data of
energy consumption over the last five years. A simulation of an on-grid system using Skelion
plugin and PVsyst software was performed to evaluate the financial impact on energy bill
savings. The study also evaluated the economic feasibility through the calculation of costs and
benefits, including the payback period, net present value (NPV), and the internal rate of return
(IRR). Results showed that solar energy has great potential in Algeria and that residential solar
panel systems can provide a positive net present value and internal rate of return, indicating that
they are economically viable. Additionally, the payback period for these systems was found to
be reasonable. Homeowners who install solar panels on their roof can reduce their dependence
on the traditional electricity grid by generating their own electricity, which can lead to significant
savings on energy bills and reduce their carbon footprint.

Keywords. Residential solar panels, On-grid system, Economic feasibility, Dynamic Simulation,
Energy bill savings, hot & arid climate of Algeria

1. Introduction

Algeria is a country where the population and economy are expanding rapidly[1],[2],
and as a result, energy usage has been increasing in recent years. The country relies severely on
fossil fuels, such as natural gas and oil, as its primary source of energy[3],[4],. This dependence
on fossil fuels has led to a number of environmental and economic challenges. For example, the
high level of greenhouse gas emissions that result from the burning of fossil fuels contribute to
climate change and have a negative impact on air quality and public health[4].To ensure
environmental preservation and sustainability, it is important for Algeria to diversify its energy
mix. By diversifying the energy mix and developing alternative sources of energy, such as solar,
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wind, and hydro, the country can reduce its dependence on fossil fuels and ensure a more
reliable and sustainable energy supply. furthermore, diversifying the energy mix can help to
mitigate the environmental and economic challenges associated with the reliance on fossil fuels.

Algeria has a great potential for solar energy due to its location, as it is located in the
north of Africa and it has a high level of solar radiation throughout the year, thus making it an
ideal location for solar energy projects. The solar radiation levels in the country are among the
highest in the world, with an average of about 6.5 kWh/m2 per day[5]. This high solar radiation
level makes it an ideal location for solar power generation. Assessing the economic and
technical feasibility of residential solar panel adoption is important in order to support the
widespread adoption of solar energy in Algeria. Residential solar panel systems are becoming
increasingly popular as a way for homeowners to generate their own electricity and reduce their
dependence on the traditional electricity grid. However, the adoption of these systems can be
influenced by a variety of factors, such as the costs and benefits of the systems, the availability
of government incentives and subsidies, and the level of consumer awareness and education
about solar energy.

In recent years, there has been a growing interest in the use of solar energy in Algeria's
cities[4],[6],[7].[8].[9]. Researchers have been studying the potential for solar energy adoption
in these urban areas and have found that there is a significant opportunity for the country to
connect the power of the sun to meet its energy needs. Benelkadi & al [10],zebbar & all [11]
studies have shown that the high solar radiation levels in Algeria, combined with the increasing
costs of traditional energy sources, make solar energy a cost-effective and sustainable solution
for the country.

Despite that, few researches have concentrated on the economic and technical
feasibility of residential solar panel in hot and arid regions of Algeria by analyzing the potential
for solar energy generation and assessing the economic viability of solar panel systems. The
objective of the research is to investigate the practicality and cost-effectiveness of incorporating
solar panels in residential buildings, specifically in the arid and hot regions of Algeria to
promote the widespread use of solar energy in the country.

2. Methodology

2.1. Case study and data collection

2.1.1.  The residential building case study

The building used as a case study in this work is located in the western region of Biskra,
Algeria. It is a two-story structure with a roof area of 53 m2. It is part of a larger complex of
177 buildings. The building's orientation is south-west facing. The building is home to a family
of five, consisting of parents and three children. The building has three bedrooms, a living room,
a kitchen, a garage, a bathroom and terraces. The family uses the building as their primary
residence and they are living in it. Figure 01 illustrates the architectural layout of four building
structures, with the highlighted area in red indicating the chosen case.
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Figure 01: (a) the ground floor plan, (b) the first-floor plan, (c) main facade of the building,
(d) 3d view,

2.1.2.  Solar irradiation in the region of study

Figure (02) shows the annual values of global horizontal irradiation and horizontal diffuse
irradiation generated fom a TMY file. The city of Biskra receives a significant amount of solar
radiation throughout the year. The global horizontal irradiation sum of 1798 kwh/m2 and the
horizontal diffuse irradiation sum of 795 kwh/m2 indicate that the area receives a large amount

of direct and indirect solar radiation on a horizontal surface. These values emphasize that this
city is an area with high solar potential.
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Figure 2 : Solar irradiation in Biskra

2.1.3.  Electricity data collection

The method used to collect data on the energy consumption of the last five years involved
obtaining bills, provided from the electricity supplier, from the building's owner. The bills
include detailed information such as the amount of gas and electricity used, the dates of
consumption, taxes and the cost of the gas and electricity. This information was organized in a
table (table01) in order to analyze and understand the building's electricity consumption patterns
over time.

Year | 2022 2021 2020 2019 2018
First semester (kwh) 375 475 402 396 385
second semester (kwh) 614 519 605 591 576
third semester (kwh) 2767 3391 3211 2847 2912
fourth semester (kwh) 3161 2914 3022 2955 3084
Annual consumption (kwh) 6917 7299 7240 6789 6957
Annual cost (Euro) 230,55 245,53 242,61 225,66 232,19

Table 1 : semesterly electricity usage and cost from billing statements

The electricity usage in this house varies significantly throughout the year, it is between 6789
kwh and 7299 kwh. The lowest usage is during the winter, 375 to 475 kwh. Usage increases in
the spring to 519 to 614 kwh and then significantly increases in the summer to 2767 to 3391
kwh. Usage then 2914 to 3161 kwh in the fall. This variation in electricity usage could be due
to different factors such as weather conditions, occupancy, and air conditioning usage.
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2.2. The model and the method of analysis

2.2.1.  Skelion plugin and PVsyst software

PVsyst is a software tool for the design, simulation, and financial analysis of photovoltaic
energy systems. It includes a database of PV modules and inverters, as well as tools for climate
data analysis and energy yield calculation. It allows users to model and analyze different
scenarios, including the effects of shading and weather conditions on the performance of the
system. Whereas, Skelion is a plugin for Sketchup that allows users to design and analyze
photovoltaic systems in 3D, when used in conjunction with PVsyst, adds advanced 3D shading
and design capabilities to the software.

The diagram bellow describes the framework used in this study using both skelion and PVsyst.
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Figure 03: modelling process

2.2.2.  The solar panel system model

a) Climate file

The coordinates of Biskra city, Algeria are 34.85°, 5.7333°. These geographic
coordinates were used to generate information about the city climate using a TMY (Typical
Meteorological Year) file provided by Meteonorm 8.1 database in PVsyst software.

b) 3D, near shading and PV Panel orientation

The building's shape and solar components were created using SketchUp and the
Skelion plugin. The process began by identifying the building's location using a Google Map
image as a reference, which provided the coordinates, including longitude and latitude (Fig. 1
(d)). Next, Skelion was utilized to place solar components based on various factors such as the
roof area, PV modules, orientation, and pitch. A summary of the parameters used can be found
in the table (02).
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Roof Orientation Pv modules Pitch
area | Azimut | Tilt | Model Dimensions Weig | Pow | PSH interval
h ht er
In
Skelion lengt | widt | thickne Hour | Hour
h h SS
53m? | 0 30 | Condo | 1956 |992 |[50mm |23kg |320 |10:00 |14:00
rmono | mm | mm w
72
cells

Table 02: A summary of Skelion parameters

It is worth noting that the PVsyst optimization tool is used to determine the optimal
tilt, and azimuth of a panel based on site coordinates. In our case, the panels were facing
southwest, exactly 26° from south, which is not the best orientation according to the
calculations. This has resulted in a loss of -1.7% in panel performance (fig 4).

12 — L e
.I Year 1 1 | .I ]
1.0 . 1.0f .
0281 FTranspos.= 113 . 08 ]
- Loss/opt.= -1.7% -
06 s s I s s l L . 0 5l=— L
0 30 60 30 50 60 30 0 30 60 90
Plane filt Plane orientation
Figure 04: the orientation losses to the optimum
C) Systems

The solar panel system in this model has a planned power output of 2 kW. It includes
6 panels, with a total module area of 12 square meters. The PV module used in this project is
Alex_Solar_ ALM_320w which is similar to the Algerian condor’s PV panels characteristics.
While the inverters model was 2.0kw 50-90v 50Hz APS_DS3D-H_Europe that convert the DC
power generated by the panels into AC power. The array design consists of a total of 3 rows
(strings), with 2 panels in each row, arranged in a south-west facing orientation at a tilt angle
of 25 degrees. The panels were connected in series to provide optimal performance, with a
nominal power ratio ratio of 0.96. for more details about the system design see the figure in
appendix (1)

[

2 x ALM-320D-24 Inverter (2 kVA)
3 Strings

>

Injection point

Figure 05: single-line diagram of the solar panel system
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d) User needs

The user needs section of the PVsyst model for this family was created by analyzing
their energy consumption patterns throughout the year. Factors such as daily usage and seasonal
changes, as well as the use of AC systems during summer and fall, were taken into
consideration. Based on this information, an average daily energy demand of 18.5 kwh was
used as the target for the model. The hourly distribution of use is illustrated in the figure below.

ﬁ':":'|||||||||||||||||||||
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300 -
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100 -

0 3 8 9 12 15 18 2 24
Figure 06: hourly distribution of use

1.3. The economic evaluation

The financial analysis of the photovoltaic system, including the cost of the equipment and
installation, as well as the projected revenue from the generated electricity over the lifetime of
the system. It also includes the calculation of financial indicators such as the internal rate of
return (IRR), the net present value (NPV) and payback period to evaluate the financial
feasibility of the project.

" The net present value (NPV) is used to calculate the present value of future cash flows
generated by an investment, taking into account the time value of money and a specified

discount rate. The formula for NPV is as follows:
Rt

NPV = Y1, ot Initial Investment ........................ (01)

Where:

o) Rt= net cash inflow — outflow during a single period t

o) ti=discount rate or return that could be earned in alternative investments

o) t=number of time periods.

. The internal rate of return (IRR) is used to calculate the rate at which the net present

value (NPV) of an investment equals zero. The IRR is the discount rate that makes the NPV of
the investment equal to zero. The formula for IRR is:

ct
0=NPV = 3 (1+IRR)t
Where
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o Ct= Net cash inflow during the period t
o CO=Total initial investment costs
o IRR= The internal rate of return
o t= The number of time periods
" Payback period is an important metric when considering the economic viability of a

system, as it can help determine how long it will take for the system to start generating a return
on investment. Payback time is typically measured in years, and is calculated by dividing the
total cost of the system by the annual savings generated by the system. The shorter the payback
time, the more quickly the system will start generating a return on investment. The formula for

the payback period is as follows:

. Initial I t t

Payback Period = ———— 0 (03)
Annual Savings

Where

o Initial Investment: The initial cost of the investment.

o Annual Savings: The annual savings or cash flows generated by the investment.
Regarding the installation cost of the panel system components used in this study, it is given in
the table below according to the information provided in the Condor catalogue [12], and other
researches [13],[10],[9] :

Item Quantity Cost Total
units EUR EUR
PV modules
ALM-320D-24 ] 289.00 1734.00
Supports for modules ] 20.00 120.00
Inverters
DS30-H?Europe? 1 585.00 585.00
Other components
Accessories, fasteners 1 200.00 200.00
Studies and analysis
Engineering 1 200.00 200.00
Installation
Global installation cost per module 6 150.00 900.00
Taxes
VAT 1 0.00 400.00
Total 4 139.00
Depreciable asset 2 639.00

Figure 07: installation cost

3. Discussions of Results

3.1. System production

The designed solar system produced approximately 40% of the required energy over a
year, with a specific production of 1408 kWh/kWpl/year. The system's performance was
measured using the performance ratio (PR), which is a measure of the efficiency of the system.
The PR of 0.7 (fig.09) indicates that the system was not operating at optimal efficiency. One
factor that contributed to this inefficiency was the solar factor of 21.54. This value represents
the fraction of total available solar energy that is converted into usable electricity by the system.
Ideally, the solar factor should be as high as possible, but in this case, the system was not
performing at its best due to various factors such as shading from buildings and misalignment
of panels. These issues negatively impacted the system's performance, By optimizing the
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rooftop design for panel installation, the building could potentially benefit from a higher
performance ratio and solar factor. Despite these limitations, the system is still capable of
producing a significant amount of energy and contributing to the reduction of the family's
overall energy consumption.

Table 03: PVsyst main results

Produced Used energy Specific Performance Solar fraction
energy production ratio
2704 kwh/year  6770kwh/year  1408kwh/kwp/year 70 % 21.54

I T I I I T | I T I I T I I I I I I
Lo Collacton Loss (Fy-armay I0sses) 1.52 KWhKWpiday 11 - PR: Perdormance Ralio [T/ ¥r) - 0630
Ls System Loss (invar @16 KWhikWiday
Y1 Produg 3.86 KWIVKWpiday

pday]

Jan  Feb  Mar  Apr May  Jun Jul Aug Sep Dot Moy Dec oo Jam  Feb  Mar  Apr May  Jun Jul Ay Sep Ot Nov  Dec
Figure 08: normalized production (per installed kwp). Figure 09:
performance ratio PR

3.2. Economic evaluation

Based on the given results, the family's photovoltaic system investment has a project
lifetime of 25 years. The family has invested 4139 euro in this project, and the payback period
is expected to be 09 years, which is relatively short. The net present value (NPV) of the
investment is 5450.31 euro, which is positive and indicates that the investment is expected to
generate positive returns over its lifetime. The internal rate of return (IRR) of 9.80% is relatively
high and indicates a strong rate of return on the investment. The return on investment (ROI) of
131% is even higher, indicating that the family is expected to see a return on their investment
that is more than their original investment. In conclusion, based on these results, this
photovoltaic system investment appears to be economically favorable for the family. The short
payback period, high IRR, and positive NPV all point to a strong potential for financial returns
on the investment.

Table 04: PVsyst financial results

Project | Own Electricity sell | Self- Payback | NPV IRR ROI
life time | funds | Peak Off consumption | period
tariff | peak
tariff
25 years | 4139 0.55 0.55 0.01 euro 09 years | 5450.31 | 9.80% | 131.1%
euro euro euro euro
4. Conclusion

In this work we tried to examine the economic and technical feasibility of residential
solar panel adoption in the city of Biskra, Algeria. the results of this study indicate that the
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photovoltaic system investment appears to be economically favorable for the family. The
system produced approximately 40% of the required energy over a year. The performance ratio
(PR) of 0.7 indicates that the system was not operating at optimal efficiency, which was due to
various factors such as shading from buildings and misalignment of panels. However, the
family's investment has a project lifetime of 25 years, with an investment of 4139 euro and a
payback period of 09 years, which is relatively short. The net present value (NPV) indicates
that the investment is expected to generate positive returns over its lifetime. The internal rate of
return (IRR) of 9.80% is relatively high and indicates a strong rate of return on the investment.
The return on investment (ROI) of 131% is even higher, indicating that the family is expected
to see a return on their investment that is more than their original investment. In terms of
residential solar panel adoption in Algeria, these results highlight the potential for solar energy
to contribute to energy sustainable development in the country. Solar panels can provide clean,
renewable energy and reduce dependence on fossil fuels, which is essential for a sustainable
future. By promoting residential solar panel adoption in Algeria, the country can take a step
towards a more sustainable and secure energy future.
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Appendices
Sub-array 0
—Sub-array name and Orientation Pre-sizing Help
MName IF“.-I Array O No sizing Enter planned power @ kwp 9

Tit 30° :
Orient. Fixed Tilted Plane Azimuth 260 ... or available area(modules) O' m2

—Select the PV modul

IAvailable Mow \/I Filter IAII PY modules % Approx. needed modules &

IAlex Solar VI I 320 Wp 33V Si-mono ALM-320D-24 Since 2013 Manufacturer 2015 VI

D Use optimizer

Sizing voltages : Vmpp (60%C) 319V

Voc (-10°C) 524V

—Select the inverter

- 50 Hz
Available Mow “|  Output voltage 230 V Mono 50Hz 60 Hz
| Apsystems ~| |20kw  S5-50V  HFTr S0Hz  DS3D-H?Europe? Since 2022 ~]
Nb. of inverters > Operating voltage: 56-90 V  Global Inverter's power 2.0 kWac
[[J Use multi-MPPT feature Input maximum valtage: 118V  inverter with 2 MPPT ST
'9 this inverter
—Design the array
—MNumber of modules and strings Operating conditions The inverter power is slightly oversized.
Vmpp {50°C) a4 v

~ Vmpp (20°C) 78V
Mod. in series " (8 only possibility 2 0 Voc (-10°C) 105 v

Mb. strings " @ between 3and 5

Plane irradiance 1000 W/ m?2 ) Max. in data ® sTC
Overioad oss 0.0 Y% — Impp (STC) 25.3A Max. operating power 1.7 kW
S—— v [ [= Show sizing | @| 1 (5TC) 26.5A (at 1000 W/fm? and 50°C)
HNb. modules 6 Area 12 m? Isc(atSTC) 26.5 A Array nom. Power (STC) 1.9 kiwp

Appendix 01: the main parameters of the system.
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Detalled User's nesds

Daily housshiold o Seasoral average = 18.5 kithiday
Bummer (Jun-Aug) Autumn (Sep-Mov)
Hb | Fower Use | Enemgy Mb. | Fower Use Enesrgy
W Houriday | Whiday W Houriday | Whiday
Lamge (LED oo fluc] - 18famp: a5 aTe Lamges (LED o fiuc] -] 18famp: 50 EAD
T/ PC I mobie z 110vapp 55 1210 TW J PC I Maobile z 11Vapp 55 pFalil
DomesSic applianoes 2 200V 10 400 DomesSc applanoes 2 A0app 10 400
Fridge i Desp-freeze 1 o 300 Fridge | Deep-freaze 1 4 00
Dish- and Cloth-washer 1 1 500 Dish- and Cloth-washer 1 1 500
S z 1200 it 130 3200 G z 12500 ok 130 200
Enared-bry CONSUMETs 240 24 ERared-by CONSUMETS 240 4
Total daily energy 34012 Total daily energy 34174
Winter (Dec-Fab) Spring (Mar-May)
Hb | Fower Use | Enemgy Mb. | Fower Use Enesrgy
w Houriday | Whiday w Houriday | Whiday
Lamges (LED o fluo} B 18famp 50 Bl Lamges (LED o fiuc] -] 18famp 50 EAD
T/ PG I Mobie z 110vapp 50 1100 TW J PC I Maobile z TiVapp 55 pFall
DomesSic applianoes 2 200V 10 400 DomesSc applanoes 2 A0app 10 400
Fridge / Deep-feeze 1 24 oo Fridge | Deep-freeze 1 24 00
Dish- and Cloth-washer 1 1 500 Dish- and Cloth-washar 1 1 500
Stand by consumers 240 24 Stand-by Consumers 240 24
Total daily energy 2864 Total daily enengy 2974

Appendix 02: detailed user’s needs.

Near shadings p

Perspective of the PV.field and surrounding shading scene

Appendix 03: 3D view of near shading parameter.
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Appendix 04: iso shadings diagram.

GlobHor DiffHor T_Amb Globlnc GlobEff EArray E_User E_Solar E_Grid EFrGrid

kWh/m?* kWhi/m® c kWhim® kWh/m* kWh kWh kWh kWh kWh
January B7.0 33.78 11.13 127.3 100.4 1771 89 11.4 150.2 774
February 100.7 41.52 12.82 1329 112.8 1947 B0 15.7 171.8 64.5
March 1443 65.91 17.711 169.2 148.0 2483 92 241 2154 68.1
April 176.2 78.78 21.69 1848 162.4 2658 89 26.6 229.7 626
May 2020 97.15 26.86 1952 1701 2724 92 204 2331 62.8
June 2117 97.98 31.73 1991 174.0 2698 1020 2374 224 783.0
July 2137 97.07 35.81 204 2 178.8 2701 1054 2401 19.9 814.3
August 2005 8968 3461 2044 180.8 2738 1054 246.6 17.4 B807.7
September 1569 71.80 2013 1749 1537 2429 1025 2218 126 8034
October 1293 55.20 24.21 1623 1411 2298 1059 212.8 8.9 846.6
November 8950 3588 16.40 1360 1117 1906 1025 180.7 30 B44 6
December B1.1 30.91 12.13 1256 95.4 1704 89 11.9 152.2 76.9
Year 1798.2 79568 229 2016.0 17301 28059 6770 1458 4 12455 53119
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the amray
DiffHor Horizontal diffuse irradiation E_User Energy supplied fo 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

Appendix 05: Balances and main results.
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Appendix 06: system output power distribution. Appendix 07: daily input /output diagram.

Appendix 08: yearly net profit (euro ) Appendix 09: cumulative cashflow (euro)
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Fimancial analysis
Detailed economic results (EUR)
Yar Elciricity Ot Fus, Daprae. Tanatda Tanas Alartax Sall-con. Camul L3
sale fancts coals allow. ez v prala sian, pruli ameeli

<] ] 4130 ] <] o ]
i -] a 14F L] 43 -]
F 0] -] 148 ] 4 &
5 HTE 4] 148 ] 40 &
4 iT4 L] 14l L] 418 &
L &M 4] 158 ] 413 &
& BEE 4] 151 ] Arl &
¥ 0] -] 181 ] A &l
& 681 4] 15F ] 40 &0
] -1 4] 155 ] sar &
10 54 -] 154 ] 5 L]
11 51 4] 185 ] S L]
12 B8 4] 185 ] 565 L]
13 B4E -] 158 ] 1] £
14 B41 4] 15F ] 57 £r
iH] 5] a 158 L] ¥ =]
18 EAE 4] 158 ] 36 £5
ir -£F] 4] 158 ] S 55
18 -] a 1688 L] = =
19 I 4] 181 ] 357 B2
m [-rr] 4] 18E ] 353 53
& 1] a 18k 3 b= =
n 1] 4] 8% o 355 E3
n 13 4] 184 - 3861 53
= 1] a 185 3 B 52
F-] -k 4] 18E - g 52
Teotai 8 1 4138 3904 EL] 8383 1 437

Appendix 10: detailed financial analysis results

552


https://techniumscience.com/index.php/socialsciences/index
https://techniumscience.com/index.php/socialsciences/index

Technium Social Sciences Journal

Vol. 40, 538-555, February, 2023

|SSN: 2668-7798

SOCIAL SCIENCES JOURNAL www.techniumscience.com

Financial analysis
Simulation period
Project Hetime 25 years Start pear 024
Income variation over tima
Infation 0,50 %iyear
Production wariation {aging] 050 Falyear
Déscount rate 1.00 iyear
Income tax '_ ) 1000 %iyear
Other income s 5. D0 %iyear
Dwidends D00 Fiyear
Depraciable sssats
Asset Diepredation DepreciaSion Salvage Deprecabile
rreached period walue {EUR)
[years) [EUR}
P modules
ALM-3200-24 Straight-line 25 000 17300
Supports for modules Etraight-line 25 000 13000
Inwerters
DS30HTEwrnpe? Etraight-line 25 000 EE5 00
ACCESSOOES, Straight-ine 20 000 20000
Total 0.00 2 E38.00
Financing
Cram funds 4 135.00 EUR
Electricity sale
Fesed-in fars Peak tar L5500 EURKHT
Of-peak tarid D400 EUIRASHT 2 00-07-00
Duration of @Al wamranty 20 years
Annual connecion 000 ELIRACT
Annual w2 wanaton .0 Fiyear
Fiesedini i derrease afier warranty 000 %
Self-consumption
Consumption tarif D000 ELIRAWR
Tar evolulon +5.0 %iyear
Return on imvestment
Payback pericd 5.5 years
Mt present value (NP 545631 EUR
Interrad rade of retum (IR ) 580 %
Return on investment (KO0} 131B%

Appendix 11: detailed financial analysis results
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Caost of the system
Installation costs
lhem DCosarity Cost Taoial
unils EUR EUR
PV modules
ALM-3Z00-24 - ZE3 00 173400
Suppaorts Jor modules -] 200 12000
Inverters
D530H TEwrope? 1 55500 55500
Ciher components
Accessones, iasheners 1 20000 20000
Studies and analysis
Enginsering 1 20000 20000
Instalation
Gobal rstallation cost per moduks - 15000 0000
Tanes
WAT 1 =X ] 40000
Taotal 413200
Depreciable asset Z 6300
Oyperating costs
em Tl
ELIR:‘year
Mainerarnce
Prowision for imverer neplacement 197.00
Repairs 0.
Tokal (OPEX) 14700
Inciuding indation {0.50%) 15617
System surmmary
Total installafion cost 4 135,00 ELR
Diperating costs (incl. infladon 0.50% year) 15617 EURyear
Urused enemy 1458 k\Whiyear
Energy soi 1o the grid 1245 KW/ year
Cost of produced energy (LCOE] 0135 EURMKT

Appendix 12: cost of the system
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Loss diagram

Global horizondal irradiation

+12.1% Global incident im coll. plans

AZET% Blear Sradings: madiance loss

LM fackor an global

1720 KWk " 12 m* coill [EMoctive irradiatisn cn collactors

effidency at 5TC = 165T% P oorveersicn

HXH1 kW Baray mominal enengy [at 5TC affic.)

P s doe o imadiance lewel
PV loss due B0 temperature

Miodule quaity loss

Mismaich loss, modules and sirings
Ghmic wiring loss

Baray virhual enorgy at MPP

iverter Loss during operation jetfickency )
irveerter Loss over nominal iny. power
inverier Loss due o mao inpul current
rreerter Loss over nominal iny. vollage
Iverier Loss due o power threshold
Inerter Loss due o vollage threshold
Awailahio Enorgy at inverior Dutput

ZBOE KWh

4 0.00%
4 0.00%
4 0.00%
% -0.02%
4 0.00%

prid
consumption
ZT0d KWh

1458 Dispatch: user and grid reingection

I L 1o user

fomgrd  from solar

o grid

Appendix 13: loss diagram

C0: Emission Balance
Total: 3B.0 G0
Ganerated emissions Saved CO: Emission vs. Time
Toai: 282 100,
Source:  Detailed calodation from table beboe:
Replaced Emissions b L IR R IR UL R
Toai: 48.3 100
System production: 2703.84 KWhiyr wl
Grid Ldscycle Emissions 556 gCO-AWh
Source: IEA, List -
Couniry: Algena 2 anp-
Lietim: 30 years =
Annual degradation: 1.0% i "
i
[~
ol L o e e
o [ 0 1 o0 n 2
ear
System Lifecycle Emissions Details
Hem LCE Quaniity Suiactal
[kgt0s]
Modules 1713 kgCOZRWR 1.92 KW 3288
Supports 398 kg2 60.0 kg 23
Inveriers 384 kgCOunits 1.00 units 384

Appendix 14: CO emission balance
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