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ABSTRACT

In this paper, we design and simulate a 20 kW solar on grid power charging unit for electric vehicles at Al-Hussein Bin Talal University
(AHU)/Maan-Jordan by using a Bluesol 3.0, Sketch Up 2018 software.
Two scenarios are considered; one where number of vehicles is five in the interval (8 am — 12 pm) & five vehicles in the interval (12 pm - 4
pm) and time of charge half of battery capacity four hours and the second scenarios where number of vehicles is eight in the interval (8 am -
12 pm) & eight vehicles in the interval (12 pm - 4 pm) and time of charge half of battery capacity four hours. We conclude that the system is
efficient and very useful to the electric vehicles users in the university. In addition, the system is reducing the CO, emissions annually from

generating power by 28.4 tons of CO,.

Keywords: Electric vehicles (EV), Photovoltaic cell (PV), Solar energy.

INTRODUCTION

Energy is a vital input in all sectors of any country's economy, until
late 1980s, energy has been generated largely by burning coal,
hydrocarbon oil and natural gas leading to huge carbon emissions
[1].

A solar PV source is one of the most interesting technologies
among the other renewable energy sources, Photovoltaic (PV)
panels, commonly called solar cells, are simply converters. When
exposed to light, solar cells are capable of producing electricity
without any harmful effect to the environment or device, meaning
power can be generated for many years while requiring minimal
maintenance and operational costs [2].

All-electric vehicles have no tailpipe emissions, which as a result
improves air quality and lowers health risks; electric vehicles also
help the nation reduce its reliance on foreign fossil fuels [3].
Electric vehicles are play an important role in reducing carbon
emissions and creating a clean environment free from pollution.

A photovoltaic system (PV) with photovoltaic solar panels to
charge your electric vehicle (EV) or pure electric vehicle (PEV)
will reduce the pollutions produced by fossil fuel and nuclear-made
electricity—common grid sources [4].

The integration of PV with the electric vehicle (EV) charging
system has been on the rise due to several factors, namely

continuous reduction in the price of PV modules, rapid growth in
EV and concern over the effects of greenhouse gases [5].

An electric charging method for automobiles using photovoltaic
cells is a project that aims to design and implement a reliable
system to charge the vehicle using solar energy power sources [6].
This project based on charging electric cars from solar energy was
carried out at Al-Hussein Bin Talal University (AHU)/Maan-
Jordan.

The integration of Photovoltaic cell (PV) with the electric vehicle
(EV) charging system has been on the rise due to several factors,
namely continuous reduction in the price of PV modules, rapid
growth in EV and concern over the effects of greenhouse gases [5].
The system is designed to charge the electric vehicle using
photovoltaic cells and as a parking for these vehicles. The system
lies in center of the university and serving the employers of the
university, it is very effective area in the university, too many cars
park in there and it is near to the source of power of a grid.

IRRADIATION IN JORDAN

Jordan considered from the best countries in solar energy,
especially Maan city, because this city has the best irradiations in
its latitude, figure (1) shows the average annual global and direct
irradiation in kWh per square meter.
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Figure (1): Average annual global horizontal (AAGHI, BLACK) and direct normal (AADNI, WHITE) irradiation in kWh/m? of the
EnerMENA stations. [7]

So we said that Maan city has the best irradiations as shown in figure (1) above, so figure (2) shows the solar GIS site study for Jordan and
the annual irradiation in different areas of the countries. For years of 1999-2015.
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~ Figure (2): The direct normal irradiation from the solar GIS web. [8]
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The project data are reported below and relate to the customer, the installation site, the data on the electricity supply and the presence or

absence of objects shading.

Table (1): The installation site data of the project

Installation site
Location AHU-Maan
Address 30.2666141,35.680545
Latitude 30.27°
Longitude 35.68°
Altitude 1100 m
Maximum temperature 45.00 °C
Minimum temperature -5.00 °C
Global irradiation on a )
horizontal plane 6.03 kWh/m
Irradiance data Royal Scientific Society (RSS)
Albedo 20%

Figure (3): Location and temperature selection [9]

The characteristics of the system is summarize below, in particular in Figure (4) shows the electrical diagram single-wire of system.
The photovoltaic generator consists of (66 PV Modules) as shown in figure (4):
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Two strings of 17 modules connected in series.
Two strings of 16 modules connected in series.
The group of conversion formed by one inverter Three-phase.
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Figure (4): Electrical diagram single-wire of a system.

The photovoltaic system of nominal power 21.78 kW will be
located at Al-Hussein Bin Talal University/ Maan and will be
connected to the electrical distribution grid in Low voltage Three-
phase alternating current a 400V the responsibility of the grid
operator. The nominal power of a photovoltaic system is intended
as the sum of the nominal power of each module measured at
standard test conditions (STC).

Table (2): Electrical characteristics of the photovoltaic

generator
Electrical characteristics of the photovoltaic generator
Nominal power 21.78 kWp
Number of PV modules 66
Intercepting surface 128.04 m?
Number of strings 4
Maximum voltage @STC (V) 7973V
Voltage at maximum power @STC (V) 642.6 V
Short circuit current @STC (ls) 36.56 A
Current at maximum power @STC (I ) 34.96 A
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The photovoltaic system will be connect to a user system served by
an electrical supply having the following characteristics:
Table (3): Electricity supply

Electricity supply
Grid operator EDCO
Nominal voltage 400 V
Auvailable power 20.00 Kw

The project data are reported below and relate to the customer, the
installation site, the data on the electricity supply and the presence
or absence of objects shading.

In the case of the plant in question, the photovoltaic generator
presents a single exposure (tilt angle, and azimuth angle equal for
all PV modules), namely

Azimuth : - 21° as shown in figure (4).

Tilt: 10° as shown in figure (5).
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Figure (5): Azimuth and tilt angles
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The photovoltaic generator of the nominal power of 21.78 kW uses the series-parallel configuration and will be divide into four strings of

modules connected in series. The following lists the compositions of the strings of the system.
Table (4): String one.

Electrical characteristics of the string one
16

Number of PV modules in series
Manufacturer Jinko Solar Co., Ltd.
Model JKM 330W
Nominal power 5.28 kW
Open circuit voltage (Voc) 750.4V
Short circuit current (l) 9.14 A
Current at maximum power (I ) 8.74 A
AT AT+
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Figure (8): Strings of 16 modules connected in series. (Leap Frog).

Table (5): String two

Electrical characteristics of the strings two
Number of PV modules in series 17
Manufacturer Jinko Solar Co., Ltd.
Model JKM 330W

Nominal power 5.61 KW

Open circuit voltage (Vo) 7973V

Short circuit current (Ig) 9.14 A

Current at maximum power (ly,) 8.74 A
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Figure (9): Strings of 17 modules connected in series (Leap Frog)

Table (6): Construction data of the modulus.

Construction data of the modules

Manufacturer Jinko Solar Co., Ltd.
Model JKM 330W
Tecnology Si-Poly
Nominal power 330.00 W
Tollerance 3.00%
Open Circuit Voltage (\VVoc) 46.90 V
Voltage at Maximum Power (V) 37.80V
Short Circuit Current (Isc) 9.14 A
Current at Maximum Power (Iy,) 8.74 A
Area 1.94 m?
Efficiency 17%

SYSTEM DESIGN PROCEDURE:
1

which came from the average peak sun hours in Maan multiply by 30 days.
In our case, we assume the AC capacity is 20 KW depending on the available area.

2.

DC capacity = AC capacity *1.1 =20 * 1.1 = 22 KWp
Approximate number of panels = DC capacity / Power of the panel = 22000w/330w = 66

Depending on parameters such as

Location

PV model

Number of panels

Invertor model

Mounting method selection.

Maximum and minimum temperature

526

We calculate the DC system capacity with oversize (DC over AC) by 10% factor of safety:

Sizing the strings of the inverter by using ABB String Sizing Tool [10]:

We calculate the AC system capacity by dividing the average monthly consumption over the number (180 solar hour/month),
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Figure (10): System design

PRELIMINARY CALCULATIONS
Considering the monthly average daily irradiation and the number of days, which make up the twelve months of the year, you can determine
the value of the annual global irradiation on a horizontal surface for the location of Maan. This value is equal to [6.03 kWh/m?], table (8)
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Irradiance location

Maan - HBT Total annual irradiance

2 Source of dimatic data MASA-SSE
i Jordan _—
BIEEE E— JE— ——— Direct 4,53 Kihjm?
Latitude 30.27° Longitude 35.68° Altitude 1100.0m -
[— [— Diffuse 1.5 kwhjm2
T Max 45.0°C 7 T Min -5.0°C 2 _—
Global 6.03 kwh/m?2

Monthly average irradiance on horizontal plane R
Units of measurement

Maonth Global [kWhjmz] Diffuse [kiwh/m?]

January 3.83 1.16 By
February 4,68 1.39 kWhym? month
March 5.56 1.63

April 7.22 2,15

May 7.82 2.24

June 8.5 1.66

July 8.33 1.39

August 7.65 1.35

September 6.47 1.42

October 5.15 1.39

Movember 3.92 1.24

December 3.49 1.01

Year 6.03 1.5

Figure (11): Monthly average irradiance on horizontal plane

Table (8): Irradiations in Maan city (2011-2015)

Diffuse Direct Global
Month daily daily daily
[kWh/m?] [kWh/m?] [kWh/m?]

January 1.16 2.47 3.63
February 1.39 3.29 4.68
March 1.63 3.93 5.56
April 2.15 5.07 7.22
May 2.24 5.58 7.82
June 1.66 6.84 8.50
July 1.39 6.94 8.33
August 1.35 6.30 7.65
September 1.42 5.05 6.47
October 1.39 3.76 5.15
November 1.24 2.68 3.92
December 1.01 2.48 3.49
Yearly 1.50 453 6.03
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The procedure for the calculation of the energy produced by the system takes into account the nominal power (21.78 kW), the tilt angle is
(10°) and the azimuth angle is (- 21°) of the PV generator, the losses on the PV generator (resistive losses, losses due to difference in
temperature of the modules, for reflection and for mismatching between strings), the efficiency of the inverter as well as the coefficient
reflectance of the ground in front of the modules (20%).
Therefore, the energy produced by the system on an annual basis (Ep) is calculated as follows:
Ep = Pnom =Irr (1 — Lo5565) v v vev e vev e v (1)

Where:

e  Pnom = Nominal power of system: 21.78 kW

e Irr = Annual irradiation on the surface of the modules: 2309.00 kWh/m?

e Losses = Power losses: 12.36 %

The power losses are due to various factors. The table below lists these loss factors and their values assumed by the procedure for the
calculation of system producibility.

Table (9): Losses of the system

L osses
Temperature losses 3.00 %
Mismatching losses 2.00 %
Resistive losses 4.00 %
Losses for DC/AC conversion 2.00 %
Other losses 2.00 %
Shading losses 0.00 %
Total losses 12.36 %

The figure below shows the trend of monthly production of energy expected during the year.
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Figure (12): The monthly production of expected during the year. (Bluesol 3.0)

If we compare the total generation monthly with the total consumption of the cars. However four hours intervals (8AM-12PM and 12PM-
4PM) to charge a car of Nissan leaf 2014/2015 half of the battery capacity.

The battery capacity of this model of cars is 24 kWh, but the actual is 20 kWh to charge it fully. So the half of battery capacity is 10 kWh.
We considered 22 days of a month is the actual system consumption according to the official time of the university.

Hence ...

50% * 20 kWh = 10 kWh

10 kWh * 22 days = 1100 kWh

1100 KWh is the consumption in interval of 4 hours, and 2200 kWh is the total consumption in the both intervals.

RESULTS:
1. First scenario:
Number of cars: 5 cars in the interval (8AM-12PM) & 5 cars in the interval (12PM-4PM)
Type of car: Nissan Leaf 2014/2015
Time to charge half of battery capacity: 4 Hours
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Table (10): Total generation and total consumption of the first scenario

M Total Generation(KWh)

Total Consumption(kWh)

Figure (13): Total generation and total consumption of the first scenario

2. Second scenario:
Number of cars: 8 cars in the interval (BAM-12PM) & 8 cars in the interval (12PM-4PM)
Type of car: Nissan Leaf 2014/2015
Time to charge half of battery capacity: 4 Hours

Table (11): Total

eneration and total consumption of the second scenario

Months TOta'(E\e/Cf];a“O“ 8AM-12PM | 12PM-aPM | oW C(l‘(’\r,‘\jﬁ;“p“on Difference
1 2485 1100 1100 2200 285
2 2792 1100 1100 2200 592
3 3507 1100 1100 2200 1307
1 4231 1100 1100 2200 2031
5 4598 1100 1100 2200 2398
6 4761 1100 1100 2200 2561
7 2851 1100 1100 2200 2651
8 4581 1100 1100 2200 2381
9 3902 1100 1100 2200 1702
10 3357 1100 1100 2200 1157
11 2568 1100 1100 2200 368
12 2438 1100 1100 2200 238
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Months | 10tl Generation | g, s 1onn | 12pM-4PM | Total Consumption | Difference
(KWh) Wi

1 2485 1760 1760 3520 21035
2 2792 1760 1760 3520 728
3 3507 1760 1760 3520 13
4 4231 1760 1760 3520 711
5 4598 1760 1760 3520 1078
6 4761 1760 1760 3520 1241
7 4851 1760 1760 3520 1331
8 4581 1760 1760 3520 1061
9 3902 1760 1760 3520 382
10 3357 1760 1760 3520 1163
11 2568 1760 1760 3520 ~052
12 2438 1760 1760 3520 11082
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Figure (14): Total generation and total consumption of the second scenario

The amount of CO, avoided.
CO, factor indicates the amount of CO, emitted annually per kWh, resulting from generation of energy sources in the country and measured
in (Kg CO, /KWh), and it is equal to 0.643[11].
To calculate the value of reduction in CO, emissions we need to know the power of the system annually (44071 kKWh).
Hence ...
Reduction in CO, (Kg CO,) = power of the system annually * CO, factor.
=44071 *0.643
=28337.65 Kg CO,
= 28.4 tons of CO,

Economic Analysis:
In economic analysis, the currency in all the economic calculation is in JOD. The system financing considerations for 25 years. The
economic analysis are mentioned in table (12)

Table (12): Total cost of the project

Item Type Manufacturer Couqtr_y Description Warranty Quantity Price
of Origin JOD
10 Years
_ Warranty
1 PV Panels Jini<co China 330w 25 Years 66 5227
Performance
Warranty
AL HD EHP TRIO 20 TL- 5 Years
2 Inverter e AP EP Italy OUTD-S2F Warranty 1 2500
3 MCB Schneider France 40A 1 Years 2 50
Electric Warranty
1 Years
Schneider 400A,
4 RCCB Dhleceric France 300mA Warranty 1 25
Cables
5 DC Top Cable Spain 1X4mm 2 Years 96 40
Warranty
# N\
6 Ci‘\%es C/® Turkey 5X16 mm 2 Years 33 115
SEVAL Warranty
LO
. Earthen S Turke 1X4 mm 2 Years 10 ”s
cable SEVAL y Cu Rod Warranty '
KABT.O
Earthen 2 Years
8 kit } } j Warranty 1 30
Steel Lo oal @ Galvanized 5 Years Complete
9 Structure Gnn ég._—é Jordan Steel Warranty Set 3049
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Charging Schneid Steel 5 years
chneider H
10 Points Glicccric Jordan Charging Warranty 12 300
Panel
11 Cable . Jordan : - 30 600
Tray
12 Trans - Jordan - - 3 60
13 Man - Jordan - - 3 700
power

The total cost of the project is about 12698 Jordan Dinner (JOD) = 17884.51 $.

CONCLUSION
The following is noted in solar on grid power charging unit for
electric vehicles at Al-Hussein Bin Talal University (AHU)/Maan-
Jordan in terms of environmental and economic analysis:
= It is clear that Maan is the best choice for the
implementation of the solar power (the value of the
annual global irradiation on a horizontal surface for the
location of Maan. This value is equal to [6.03 kWh/m?]
=  The system is reducing the CO, emissions annually from
generating power by 28.4 tons of CO,
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