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ABSTRACT

Design, financial analysis and performance cross-checking of a grid tied photovoltaic (PV)
system to provide electricity to a small area premises and to save greenhouse gas emissions
using PVsyst and SAM softwares have been performed in this work. A 90 kWp rooftop PV
plant was proposed for the administrative building of Hajee Mohammad Danesh Science &
Technology University, Dinajpur. Daily energy consumption of the building was calculated
and different components of the PV plant were used. From the results, it was found that 280
units of PV modules and 5 units of inverters are required. The optimum tilt angle for
maximum energy production was found to be 25 - 30 degrees at the site. The performance
ratio of the designed PV system was found to be 77 - 80 %. The energy price by utilizing the
proposed PV plant is 3.02 - 3.23 BDT per unit which is very much cheaper than current
energy price of the country. The money savings by implementing the PV plant will be about
14397464 - 16155975 BDT over its lifetime of 25 years. The system has the potentiality to
save 1773 - 1908 tones of CO2 emissions over its lifetime. Finally, the PV plant will be an
initiative for the country to reduce the effects of global warming and climate changes caused
by greenhouse gases by producing clean and green energy.
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INTRODUCTION

It is common to burn fossil fuels to generate electricity from long time ago. But a large
volume of greenhouse gases is emitted daily due to burning of fossil fuels. Thus, it has
become an alarming problem that climate is being changed day by day due to increasing rate
of emissions of greenhouse gases. Considering this fact, other sources of electricity
production should be exercised. Renewable energy is an alternative source of producing
electrical energy and it does not throw any bad impact to the environment. With a population
of 166.37 million, Bangladesh is one of the most densely populated country (World
Population Review 2017). Rapid urbanization fueled by stable economic growth has created a
huge demand of energy in the country.The utility electricity sector in Bangladesh has one
national grid with an installed capacity of 15,379 MWp as on February' 2017 (Wikimedia
Foundation 2018). The Government of Bangladesh has planned to increase power generation
and the demand for electricity in Bangladesh is projected to reach 34,000 MWp by
2030.There is an ambitious target of the government to achieve 2000 MWp power from
renewable energy including solar power systems by 2021 (International Trade Administration
2017). For this purpose, the government is currently working to install solar panel-based
power projects connected with the national grid(Dhaka Tribune 2017). From the current
statistics of the useof sun powered solar photovoltaic (PV) plants among different sources of
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renewable energy in the country it has been assumed that, 1000 MWp power would be come
from solar systemsto meet the 2000 MWp target of electricity from renewable energy
sources. Thus, it has become an urgent need to employ PV systems in every possible form
and move toward the sustainable energy sector. Moreover, photovoltaic system isnowadays
one of the most important and premising technology that is able to produce fully green
electricity to meet the electricity demand of the whole world (Mellit and Kalogirou2008).
Since last decade, the photovoltaic industry grows more than 40% per year due to decrease in
cost of PV components (Nordin and Rahman 2015). Karki et al. have done an analysis for
grid connected PV system in Kathmandu and Berlin by using PVsyst software (Karkiet al.
2012). In the simulation, it was found that Kathmandu wasable to produce more solar energy
than Berlin with the same system. Yusoff et al. (2015) have done a study to analyze a
150kWp solar power plant. In the study, it was found that Cyprus has a high number of sunny
days in a year and thus the investment of the solar plant is very effective in that area.
Debbarma et al. (2017) analyzed a rooftop solar power plant to provide electricity to the
hostel building of MANIT, India. The payback period of the investment of the power plant
has been found to be 8.2 years. Raturi et al. (2016) also studied a PV plant having interaction
with electric grid of the Pacific island countries in case study of a grid tied PV system with a
capacity of 45 kWp which is located at the University of Asia Pacific (USP). Further, Dawn
et al. (Dawn et al. 2016) exerted the recent developments of India in the solar sector. Matiyali
and Ashok (2016) examined the performance of a proposed 400 kWp grid tied PV plant and
calculated various types of power losses and performance ratio of the PV system. Value of
the performance ratio achieved was 78.1% for the system.The PVsyst and SAMar every
much familiar softwares used for the detailed study of sizing, optimization, loss estimation
and financial analysis of a grid connected PV system (Amutha and Rajini 2015; National
Laboratory of the US Department of Energy 2010). In this study, designs, financial analysis
and performance cross-checking of a grid tied PV system has been implemented at the
rooftop of the administrative building of Hajee Mohammad Danesh Science and Technology
University (HSTU) by using PVsyst and SAM. This is a pilot study and it is easily scalable
for any large institution such as for a whole university, company or business. Actually, the
design and financial analysis of a photovoltaic system facilitate to take smart decisions about
the investment and a poorly designed PV system can significantly reduce the profitability of
the system. The rooftop area of the administrative building is considered for the placement of
the PV plant so that no further land area is required. Besides, rooftop PV plant provides
indirectly cooling system to the building top floor by taking heat hugely away from the roof
by the solar panels.

MATERIALS AND METHODS

GEOGRAPHICAL LOCATION OF THE SITE

HSTU is located at Dinajpur which lies on 25.70º North latitude and 88.65º East longitude on
the eastern bank of the river ‘Punarbhaba’ and 42 meters above sea level (World Atlas
2015). The entire campus consists of administrative and academic buildings, library,
playgrounds, gymnasium,residential accommodation for students and staffs etc. The site was
selected for the design of solar photovoltaicsystem on the rooftop area of the administrative
building of the university with a purpose to provide electricity to the building. Figure 1
showed how the sun impacts at the site throughout the year. The sun path was affected by the
length of daytime and changes the rate of energy production of a PV system. In summer, the
sun height was highest at 88º which occurred on the 22nd June and lowest height of the sun
was at 37º on 22ndDecember.
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Figure 1. Sun paths diagram atthe administrative building of HSTU (lat. 25.7°N, long.
88.7°E, alt. 42 m) using solar time which affect the performance of a PV system.
COLLECTION OF IRRADIATION DATA

Solar irradiation was the amount of radiation which was received from the sun at the top of
the globe’s atmosphere (Briney 2017). This irradiation data was varied with the seasons and
weather conditions of a day in a year. The monthly data of solar irradiation for the selected
site was collected from Meteonorm version 7.1 and NREL solar radiation database (NSRDB).
The monthly meteorological data for the site has been shown in the Table 1.
Table 1.Monthly meteorological data for the administrative building of HSTU for PVsyst
(Meteonorm version 7.1) and SAM (NREL national solar radiation database).
Month
January
February
March
April
May
Jun
July
August
September
October
November
December
Year

Horizontal global
irradiation
(kWh/m²)
118.2
131.5
174.0
179.7
188.2
147.6
137.3
152.8
151.2
138.4
139.4
126.1
1784.2

PVsyst

Horizontal diffuse
irradiation
(kWh/m2)
50.22
54.08
72.94
85.02
98.38
96.92
89.65
95.26
76.91
65.64
33.37
31.98
850.38
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Ambient
temperature
(ºC)
16.28
19.85
24.64
27.69
29.61
29.57
29.57
29.55
28.39
26.81
22.21
17.95
25.20

Wind
velocity
(m/s)
0.6
1.0
1.2
1.8
1.8
1.6
1.4
1.4
1.2
0.7
0.5
0.4
1.1

SAM

Global
irradiation
(kWh/m2)
109.875
136.557
177.619
178.815
189.212
151.052
158.009
152.096
140.514
146.9
121.901
109.3
1771.85
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Components of the proposed pv plant: The different components of the PV plant showed in
Figure 2. PV panels are electrical devices which were used to absorb the sun light and
converted it into electricity. The produced energy was direct current (DC) and this energy
passed through the inverter. The inverter converted the energy from DC to AC. Then the
energy was supplied to the user. If the produced energy of the plant was exceeded than the
user need of the building, the excess energy would be fed to the electric grid. At the night
time and bad weather, the grid would supply ele
electricity
ctricity to the electrical equipment of the
building. For the proposed system, a polycrystalline based PV module having capacity of 320
W which model is REC 320 PE 72 was selected. It was very important to meet the inverter
specification with the PV specification
specification in order to run the system properly. It has been
selected a tri-phased
phased inverter having capacity of 15 kW which model is AEG Protect MPV
015.

Figure 2. Block diagram of the overall PV system, which shows various components of a
grid tied PV system interconnected with each other.

Area requirements of the plant:
plant Total available rooftop area of the administrative building
2
was 1200m . The study showed that, total cell area of the proposed PV plant was 491 m2 and
this was the only area,, where the solar radiation would actually be absorbed. The required
module area for the plant at the rooftop of the building was 546 m2. Then, the required
system area for the plant
lant could be calculated by the following equation
equationSystem area = Module area / GCR ……………… (1)

GCR refers to the ratio between the PV module area and the total system area. The GCR was
taken to be 0.5 for the plant. Thus, the required system area of the P
PV
V plant was 1092 m2. The
area calculations of the PV plant was shown in Figure 3.

Area Calculations
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Figure .:: Area calculations for the proposed PV plant
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DETERMINATION OF OPTIMUM TILT ANGLE

ENERGY PRODUCTION (MWH)

Figure 4 showed the annual energy productions graph with respect to tilt angle of the PV
array. It was found that the energy production is maximum at 30º tilt angle according to
PVsyst which was about 142 MWh/year. SAM showed the maximum energy production at
25º tilt angle which was about 132.7 MWh/year. Thus, the optimum tilt angle of the PV
system was 25-30º at the site.
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Figure 4. Tilt angle versus energy production graph, which shows the annual energy
productions with respect to the tilt angle according to PVsyst and SAM.

RESULTS AND DISCUSSION

CALCULATION OF ELECTRICITY DEMAND

All electrical equipment of the administrative building was analyzed and it was found that
user average energy needed was about 343 kWh per day. Table 2showed the daily average
demand of electricity which was found to be 670325 Wh/day in the months of March, April,
May, June, July, August, September and October. In November, December, January and
February, the demand of energy is comparatively lower than the other months of the year
which is 93596 Wh/day in average. Finally, the annual demand of electricity of the building
has been found to be about 125 MWh.
Table 2. Daily electricity demand of the administrative building

(A) For the months of November, December, January and February.
Use 5 days a week

Number

Fridge
Pump

5
1

Lamp (LED)
PC

Total daily energy

100
20

Power

70 W/lamp
120 W/appliance
0.80 kWh/day
2500 W total

71

Use

9 h/day
9 h/day

24 Wh/day
2 h/day

Energy

63000 Wh/day
21600 Wh/day
3996 Wh/day
5000 Wh/day

93596 Wh/day
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(B) For the months of March, April, May, June, July, August, September and October.
Use 5 days a week
Lamp (LED)

Number
100

Fridge

5

PC
Fan

Pump

AC
Exhaust Fan

Total daily energy

Power
70 W/lamp

Use
9 h/day

Energy
63000 Wh/day

0.80 kWh/day

24 Wh/day

3996 Wh/day

3600 W total
23 W total

9 h/day
9 h/day

20
79

120 W/appliance
80 W/appliance

1

2500 W total

16
7

Plant configuration

9 h/day
9 h/day
2 h/day

21600 Wh/day
56880 Wh/day
5000 Wh/day

518400 Wh/day
1449 Wh/day
670325 Wh/day

Figure 5 showed the wiring configuration layout of the proposed PV system. It was found
that the PV modules had to be connected in series using 10 modules to make a string and then
such 28 strings had to be connected in parallel for the best performance of the proposed plant.
Therefore, total required number of PV modules for the plant was 280. Henceforth, 5 units of
inverters were required for the proposed plant. The plant capacity would be 90kWp.

Figure 5. Wiring configuration layout of the proposed PV system
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Figure 6 showed the PV array voltage sizing diagram and inverter power sizing diagram of
the system. It was found that, the
t maximum power point voltage (Vmpp)of the PV array
is327 V and 385 V at
60ºC and 20ºC operating temperatures respectively. The nominal power of the PV array
(Pnom,
m, DC) was found to be 89.6 kWp and nominal power of the inverter (Pnom, AC) was
found to be 75 kWac.

Figure 6.. PV array voltage sizing diagram and inverter power sizing diagram of the system

Performance results

The output of the PV system was depended upon the received solar radiation and temperature
t
(Srivastava and Giri 2017). The yearly AC electricity production of the PV plant was about
142 MWh according to PVsyst and 132.708 MWh according to SAM as showed in Table 3. It
has been observed
ed that, according to PVsyst, the maximum energy supply to the user was in
the month of March, which was 9.413 MWh, the minimum supply to the user was in the
month of February, which was 1.826 MWh and the maximum energy injected to the grid was
in the month
h of November, which was 12.22 MWh. The annual specific production was 1584
kWh/kWp and solar fraction (SF) was 53.9% according to PVsyst. Whereas, according to
SAM, the annual specific production was 1480 kWh/kWp and capacity factor was 16.9 %. As
we could
d see in Figure 7, daily normalized energy productions of the plant according to
PVsyst were demonstrated with respect to each month of a year. The average collection loss
(Lc) of the PV array was 0.88 kWh/kWp per day and average system loss was 0.2
kWh/kWp/day.
p/day. The average useful energy production per day was4.34
4.34 kWh/kWp. The
average produced energy has been found to be minimum in the month of July which was
about 3.08 kWh/kWp/day because of natural disasters like rains, clouds etc. The maximum
produced energy has been found in the month of November which wasabout
was
5.29
kWh/kWp/day.
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Table 3.Monthly energy productions and distributions from the PV system according to
PVsyst and SAM.
Months
January
February
March
April
May
June
July
August
September
October
November
December
Year

PVsyst

Array
User
AC
Energy
Energy
output
load
energy supplied to injected into
(MWh) (MWh) (MWh) user (MWh) grid (MWh)
12.68
2.15
12.158
2.048
10.11
12.61
1.87
12.106
1.826
10.28
14.54 14.75 13.963
9.413
4.55
13.18 14.08 12.572
8.602
3.97
12.67 15.42 12.117
8.607
3.51
9.72
14.08
9.198
5.928
3.27
9.08
14.75
8.551
5.061
3.49
10.79 15.42 10.227
7.087
3.14
11.69 13.41
11.12
7.010
4.11
12.11 15.42 11.596
7.966
3.63
14.78
2.06
14.228
2.008
12.22
14.64
1.97
14.097
1.917
12.18
148.48 125.36
142
67.509
74.45

Array
energy
(MWh)
10.3499
12.1316
13.8742
12.6178
12.5422
10.1168
10.8997
10.9298
10.7684
12.4023
11.1188
10.6577
138.4092

SAM

AC
Energy
energy to/from grid
(MWh)
(MWh)
9.92034 7.77034
11.6504 9.78041
13.3249 -1.4251
12.104 -1.97603
12.0288 -3.39125
9.67893 -4.40107
10.4331 -4.31686
10.4582 -4.96183
10.3182 -3.09182
11.9026 -3.51742
10.6685 8.60849
10.2201 8.25013
132.7081 7.32799

Figure 7.Daily normalized energy productions of the PV plant per installed kWp capacity
according to PVsyst.

The average performance ratio of the designed PV system was 0.80, i.e. 80% according to
PVsyst as showed in Figure 8. Thus, the amount of energy production from the designed PV
plant would be 80% with respect to the properly designed reference system having similar
radiation data. The variation in performance ratio was very negligible, but lower performance
has been observed in the month of July which was77 %. Whereas, according to SAM, the
average performance ratio of the PV system was found to be 77 %.
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LOSS ANALYSIS OVER A WHOLE YEAR

It is impossible to convert 100% energy received from the solar radiation because of various
losses. Figure 9 represented the detailed losses occurred in the PV system over a whole year
according to PVsyst. Total production of PV array nominal energy was about 167.3
MWh/year but there were some losses present in the system which would reduce the overall
system production. After PV conversion, about 25.3 MWh electricity would annually be
vanished due to various losses. The largest loss after PV conversion was the loss due to PV
cells temperature which was 7.8% of the overall energy production. It was observed that the
net AC usable electricity production by the proposed system was about 142 MWh/year and
the system did not supply completely to load or to grid. That was since the software assumed
that total load was distributed for every hour of the day for a complete month and solar
energy is not available for 24 hours of a day (Arif 2013). Around 74.4 MWh energy would
annually be supplied to the grid and around 67.5 MWh to the user, while the user would take
57.8 MWh energy back from the grid per year. Figure 10 showed the detailed loss diagram of
the system according to SAM. About 166.423 MWh nominal DC energy would annually be
generated by the PV array and 33.72 MWh energy would annually be vanished due various
losses. Finally, about 132.708 MWh AC energy would be obtained per year from the PV
system, which was able to satisfy the full electricity demand of the administrative building.

Figure 9. Detailed loss diagram over a whole year of the PV system according to PVsyst.
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Figure 10. Detailed loss diagram over a whole year of the PV system according to SAM
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FINANCIAL ANALYSIS

Table 4 showed the approximate costs of different PV components according to local market
analysis.
Table 4.Approximate costs of various PV components according to local market analysis.
Component

Description

Cost (BDT)

Inverter (15 kW, 5 units)

30 BDT/W

2250000

5% of module and inverter cost

336500

Module (320 W, 280 units)

50 BDT/W

4480000

Integration

10% of module and inverter cost

Tax on investment

15% of investment cost

Wiring

Maintenance
Total

673000

1160925

Over 25 years

1817100

Lifetime cost

10717525

Table 5 showed the calculation of running and maintenance costs over the lifetime of the PV
plant. The average lifetime of any PV plant is 25 years and most of the PV module
manufacturers provide 25 years warranty for their products. From the analysis of electricity
bill of HSTU, it was found that current energy priceof the utility grid is 7.57 BDTper unit
without any taxes.
Table 5. Calculation of running & maintenance cost over 25 years for the PV plant
Year

1-5

6-10

11-15

16-20

21-25

Cost (BDT)

67300

201900

336500

538400

673000

Calculation basis (% of module + inverter cost)

1

Average yearly cost (BDT)

3

5

72684

8

10

Table 6 showed the financial analysis of the PV plant with respect to PVsyst and SAM. The
net investment cost of the plant including taxes was about 8900425 BDT and specific
investment cost was99.3 BDT/Wp. The payback period was found to be 8.88 – 9.55 years
according to PVsyst and SAM. Thus, the cost of investment of the plant would be recouped
in 8.88 – 9.55 years.
Table 6. Financial analysis of the proposed PV plant with respect to PVsyst and SAM
Characteristics

PVsyst

SAM

Net investment (including tax, BDT)

8900425

8900425

Energy price (BDT/unit)

3.02

3.23

Specific investment (BDT/Wp)

99.3

99.3

Lifetime savings (BDT)

16155975

14397464

Return on investment (%)

182

162

Payback period (years)

8.88

77

9.55

J. Sci. Technol. (Dinajpur) 17 (2019): 67-80
Then, for the rest of the lifetime i.e., 16.12 – 15.45 years, the demand of electricity of the
administrative building would be fulfilled by the PV plant about free of cost (only
maintenance cost applies in these years). Figure 11 showed the payback cash flow of the PV
plant according to SAM. The energy price per unit (kWh) of the proposed PV plant was
found to be 3.02 – 3.23 BDT. Thus, the savings per unit electricity would be 4.55 – 3.32 BDT
if the proposed PV plant is implemented at the rooftop of the building. Finally, after 25 years
total money savings by utilizing the PV plant of the administrative building will be about
16155975– 14397464 BDT.

Figure 11. Payback cash flow of the plant according to SAM with payback period of 9.55
years
ANALYSIS OF CO2 EMISSION SAVINGS

With lower carbon emissions, the adoption of renewable energy technology could help
reducing global warming (Sudhakaret al. 2013). The production of electricity by burning
fossil fuels generates a large amount of CO2 gases every year. The solar system generates
clean and green electrical energy without producing any emission of CO2gases. Solar PV
emissions are only due to the energy spent during the manufacturing of the PV panels
(Shuklaet al. 2016). Thus, the solar system can save a large amount of CO2 emissions every
year. The amount of CO2 emission saving is the difference between utility grid CO2 emission
and PV system CO2 emission to produce electricity. Total CO2 emission by the PV system to
generate electricity for the building was about 164.4 tonnes over system’s lifetime as showed
in Table 7.
Table 7. Analysis of CO2 emissions by utility grid and proposed PV system over 25 years
Item

PV system emission

PV modules

Life cycle emissions
1713 kg CO2 / kWp
(LCE)
Quantity

Production (kg CO2)
Total production
(tonnes CO2)

89.6 kWp
153485

Supports

3.90 kg CO2 /kg

164.4

2800 kg
10920

Utility grid emission

PVsyst

SAM

584 g CO2 / kWh

(142*25) MWh

(132.7*25) MWh

2073.2

1937.4

2073200

1937420

Total CO2 emission by the national utility grid was also showed in the table which is 2073.2
tonnes according to PVsyst and 1937.4 tonnes according to SAM. Thus, the amount of CO2
emission savings by utilizing the PV system was about 1908 tonnes according to PVsyst and
1773 tonnes according to SAM. The base of this calculation was so-called Life Cycle
Emissions (LCE), which represent the emissions of CO2 associated to a given component or
energy amount. A predefined value for the utility grid LCE has been used which is published
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by the International Energy Agency (IEA).The system
ystem LCE is based on the 50th percentile
LCE value for photovoltaic
hotovoltaic electricity production published by the International Panel on
Climate Change (IPCC).
). Figure 12 showed the CO2 emission savings versus time graph
according to PVsyst. As indicated in the graph, the initial CO2 emission saving was shown
negative. That was because of initially emitting CO2 and after
er the manufacturing of the PV
panels the system starts to minimize the amount of CO2 emissions for total 25 years.

Figure 12. CO2 emission savings versus time graph according to PVsyst

CONCLUSION

Nowadays, it has become a major challenge for a country to fulfill the demand of electricity
for the people of the country. Self-sufficiency
Self sufficiency in the case of electricity requirements can be a
great initiative for any institution to meet the challenge of fulf
fulfilling
illing demand of electricity by a
country. Considering this fact, it has been proposed a rooftop PV plant to provide electricity
to the administrative building of HSTU. This proposed PV plant can be an ideal for the
university by contributing to the Bangladesh government’s target of achieving 2000
MWppower from the sources of renewable energy technologies by 2021.
2021.From
From the study, it
i
was found that the proposed system will produce 132.7 - 142 MWh energy per year which is
able to satisfy the full electricity demand of the building. Performance ratio of the designed
PV system was found to be 77 - 80%.The energy price per unit by utilizing the proposed
plant was found to be 3.02 - 3.23 BDT. The payback period to recover the investment cost
was found to be 8.88 - 9.55 years. The plant will be able to save 1773 - 1908ton
tonnes of CO2
emissions over its lifetime. In this way, the PV plant can also be a great initiative for the
country to diminish the effects of global warming and climate changes caused by greenhouse
gases.Finally,
ses.Finally, the proposed plant will contribute to the present Bangladesh governments
target of ‘vision-2021:
2021: power for all’ by producing clean and green electricity.
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