2016 7 (3) L ol i€ o glall A8} Alaall
Hybrid Photovoltaic Systems Design Program (HPVSD) Compatible

with Irag Conditions

Dhia Jalil Hussain ~ Basheer Noaman Hussein  Imad Abdulkareem lessa
Ministry of Science and Technology / Renewable Energy Directorate
E-mail: emadakessal952@yahoo.com
Baghdad — Iraq

Abstract

This paper presents a visual basic program (HPVSD) for designing and calculating
hybrid photovoltaic systems which is compatible with the Iragi conditions
( meteorological, specified design requirements and availability of components in local
market) as an improvement to the recently designed Off-Grid Photovoltaic System
Design Software (PVSD). This program (HPVSD) contains the options of designing
hybrid systems using photovoltaic modules and other sources of energy like wind or grid
energy as percentage sharing to generate the required energy per day for the load. This
design program includes all the electrical calculations which are needed to design and
select the components of system with the specified conditions, the program contains all
available components in the local market and it is easy to use, with the ability to print out
a full design document including all system components with its specifications. (HPVSD)
has been tested and verified through a real project designed and evaluated at the Ministry
of Science and Technology.
Key Words: Design, Program, Off-grid Photovoltaic System, Wind Energy and Hybrid
System.
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Introduction

Hybrid systems using different
types of energy sources like
Photovoltaic (PV) , wind turbines and
other available source of energy at site
that can generate electrical power by
converting solar radiation into direct
current  electricity  solar  modules
composed of a number of solar cells
containing a photovoltaic material, the
others uses wind energy as it is available
day and night, these energy can be stored
during the day and supply the load as it
needed.

A new Off-Grid Photovoltaic
System Design Software (PVSD had
been designed using Visual Basic
(VB)(Matsukawa,( 2003), Zhang,. and
Liu(2010) ) (Husseinand lessa, 2013)
with all Irag conditions and all
parameters can be changed manually
depending on the place, also this
program contains products that can be
found in Iraqi local market with their
details and prices.

Many Renewable energy design
software's had been established like
Homer Energy modeling software
(Homer Energy,2012)and others, with
the limitations that put the designer in a
lot of constraints , and these limitations
involving the design parameters and the
availability of system components, make
some difficulty to try different options to
design the required system with all
assumptions that related to specific or
special cases as in Irag, where most of
the real time readings are different from
what has been used in these programs
such as average irradiation, products and
prices. Therefore, a new design program
has been introduced to improve the
recent design program (PVSD), in order
to include the hybrid off-grid systems
using different energy sources like (PV,
Wind and grid) as energy percentage
sharing to generate the required energy
for the load.
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Materials and Methods

The equations that had been used in
the Off-Grid system design program are
equation (1, 2, 3, and 4) and other related
design calculations of photovoltaic
system and sizing (Hussein and lessa,
2013, Sandia National laboratories,
1991).

P,y *x Eqpx E feiin¥E
_ Tpv” BsrT Bff(inv) "R ff(PV)
E,, = Lo JED ... (1)

Where E,, is the energy that must be
generated from the PV modules, E ¢ (iny)
is the efficiency of inverter, Egspy) is
the efficiency of solar module, Eq, is the
solar radiation of Irag, P, is the peak

power of PV, and SF is the safety factor
for losses.

— Erp
Eff(Bat) * DOD~* VB

CB

Where CB is the capacity of the battery is
needed for one day autonomy, Eff(gqr) IS
the efficiency of battery, DOD is the
depth of discharge and Vj is the voltage
of battery.

.3

Where SCCR is the solar charge
controller rating and Iy, is the short
circuit current.

SCCR = I, * number of string » SF

IS = Total power x SF

Where IS is the inverter sizing

The Hybrid Off-Grid system design
calculations have been designed to
interact with the designer as a first step
for the User name and Password as
shown in Figure (1).


http://en.wikipedia.org/wiki/Electricity_generation
http://en.wikipedia.org/wiki/Solar_radiation
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Solar_panel
http://en.wikipedia.org/wiki/Solar_cell

L ol giSillg o glall d8)al) Alaal)

2016 7 (3)

Welcome to HPVSD Program
| Please Enter your Username and
[

Password

Figure (1) Login Window

Then after the Login, another window
will show the new program (HPVSD),
will ask the designer to choose the
specific PV system if it is On-grid PV
system or Hybrid Off-Grid PV System as
in our case, as illustrated in Figure (2).

Welcome to HPVSD Program
Please Choose as your Design
Criteria

On Grid PV |
System

THybrid O Grid
PV System

= —

Desagned by MSc. Fag. Hashoor Noamss
Saperiined by Expert Eng Imad Abdulharcem

Figure (2) HPVSD Window

The first windows for the Hybrid Off-
Grid is designed to ask for the (Design
Information) such as Project Name,
Project Number, Current type of the
system(AC or DC),Design type (Fixed or
Tracking), Losses factors (Dust, High
temperature, and Wiring
losses),(Tolerance of Solar Panel, and
Efficiency of Inverter ..etc.),then you
have to choose the Hybrid System Type
(PV and Grid, PV and Wind turbine) and
the Hybrid System Percentage, as shown
in Figure (3). This window will chose the
type of hybrid and the first input
information that will be used for
calculations of the output energy of the
hybrid system.
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Figure (3) Design Information

The second windows for the Hybrid
Off-Grid is designed to ask for the (Load
Calculations) such as, Power, Hours,
Time per Day and per Week as
illustrated in Figure (4) ,which related to
summer and winter season, then the
designer choose either winter or summer
total energy for the calculations and
sizing the system.
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Figure (4) Load Calculations

The third windows for the Hybrid
Off-Grid program is designed to ask for
the (PV Design and Calculations), type
of solar charger (PWM, MPPT), the
Average Solar Irradiation, type of Solar
Modules, Battery Capacity...etc., as
precented in Figure (5).
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Figure (5) PV Design and Calculations

This window will give the results
directly to the designer, Who can chose
the best choice for the PV system, after
the designer finish this stage should go
on the window to another icon
(Continue to Hybrid Calculation)
which move to continue designing the
other hybrid sources (Grid Design, wind
turbine calculations) depending on the
chosen system from windows of Figure
(3).

Figure (6) shows the (Grid Design
Calculations) window, it will ask for
Grid Hours per Day and the Grid
Availability Days per Week, then the
calculated Energy per hours will appear.
Then the final design output of hybrid
system can be shown after pressing on
(Next) icon that shown in windows of
Figure (11).
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Figure (6) Grid Design Calculation

Grid are designed to ask for the other
type of hybrid system related to (Wind
Design Calculation), that deals with
Wind turbines selection as listed in the
program (power of wind turbine), can be
followed when the designer choose the
option of (PV and Wind turbine) as in
Figure (3), windows of Wind Design
calculation is shown in Figure (7).

The power output of wind turbine is
calculated from equation (5) (Siraj,
2010, Wind Resource Assessment
Handbook, 1997, CanWEA, 2010,
Bhadra, and Banerjee, 2010 and, Blanco,
2009).

Wp =[Cp A *PD * G]

Where Wp is the power generated from
wind turbine?

Cp Is the coefficient of performance of
the wind turbine (17%-35%) depending
on wind speed and manufacturer
specifications?

A |Is swept area of the wind turbine blade
in m2,

PDis the power density of the wind

equation 6) (Wind Resource
Assessment Handbook,1997).
PD=0.5%S3xp ... (6)

Where S is the annual average wind
speed in m/s.
p is the air density in kg/méa.


http://www.greenspec.co.uk/small-wind
http://www.greenspec.co.uk/small-wind
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G Is the (generator efficiency (range
50%-80%) multiplied by gear box

bearing efficiency (range 90% - 95%)) of
the wind turbine.

After the input information's filled by
designer according to required design
parameters, the results will appear on the
same page as in Figure (7).

Figure (7) Wind Design Calculation

The final needed wind turbines that
appear as a result should be divided by
the number of hours assumed for the
selected wind speed per day, the final
calculated number of wind turbine will
appear after you press (Calculate) icon,
as shown in Figure (7).

Results and Discussion

The results of the program Hybrid
Off-Grid design shows, the designer and
project components details. The results
of the Hybrid Off-Grid Design have been
divided into several tables as shown in
Figures (8, 9, 10, 11, 12, 13 and 14).

Figure (8) shows all the designer
Inputs of the design parameters that used
from windows of Figures (3,4 and 5)
(Average Irradiation, Tilt Angle of the
solar panels, Type of panel Fixation
(Fixed, Tracking),Solar Cell Module, PV
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side system Voltage, Battery Capacity
,Cables Lengths).

Also the calculated Total Power of
the hybrid system, Total Energy wanted
from the system.
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Figure(8) PV Calculation Inputs

Figure (9) shows the details information
of the load and energy calculations of the
system, all other design parameters for
the hybrid system.
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Figure (9) PV Calculation Outputs

Figure (10) shows the other Output
results of the PV system Sizing (Number
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Of Solar Modules and Number of Series
and Strings), (Number of Batteries and
Number of Series and Strings), Solar
Charger Controller and Inverter Sizing,
and the cables sizing of the whole PV
system.

w #ome Electrical Calculation Qutputs Table
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Figure (10) PV Calculation Outputs

Figure (11) shows the final hybrid
calculation outputs for (PV + Grid),
which give the Total Energy Generation
from PV system and Grid according to
the percentage share that fixed in the
design input as in window of Figure (3),
and the Grid Hours per day, Number and
Area of PV Array, Solar Charge
Controller  Sizing, Grid Charge
Controller Sizing, Number of Overall
Batteries.
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Figure (11) Hybrid Calculation
Outputs (PV + Grid)

Figure (12) shows the final hybrid
calculation outputs for (PV + Wind
Turbine) option that continue what has
been done in hybrid system related to
(Wind Design Calculation) as in Figure
(7) , which give the Total Energy
Generation from PV system and Wind
Turbine according to the percentage
share that had been fixed in the design
input as in window of Figure (3),and the
final Number of PV Panels and Solar
Charge Controller sizing, Power and
Number of Wind Turbines, Number of
Overall Batteries .
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Figure (12) Hybrid Calculation
Outputs (PV + Wind Turbine)

Figure (13) shows the Cost Table of
the system components that had been
came out from the design calculations in
the program, which can be filled by the
designer according to the prices of the
available market, and can end with the
final cost of the hybrid system.

Electrical Cost

Tonk PI10M0

Figure (13) Cost Table of Components

Figure (14) shows the overall wiring
diagram of the PV system design, which
shows the cables sizing on each section.
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Figure (14) Overall Wiring Diagram
for the Design of PV System

The Figures (8, 10 , and 14) printed
out as A4 size, present the Design
Document's Report as an example of
Hybrid Off-Grid (PV + Grid)with
capacity of(14 kWh/day) to the load
which had been designed for (Tuwaitha-
site conditions close to Baghdad city).
The results of this program had been
verified with the designed and installed
Hybrid Off-Grid solar power system in
Irag.

Conclusions

This paper has completed the last
version for Off-Grid PV system design
with new software using features not
available in other software to complete
the set of options for designer. The
program has been designed based on
photovoltaic design equations and other
energy sources in order to create the
hybrid system. Also this software save a
lot of time in designing and evaluating
any Hybrid Off-Grid PV system and it
deliver a full design document in short
time by one designer.
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