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Abstract—Temperature and lllumination has strong impact on photovoltaic systems output power. This research is
focused to boost up the annual power production by investigating combined effect of temperature and Illumination. For this
purpose, two solutions are purposed to improve annual power production and efficiency. First purposed solution is solar
radiation tracker system to track sun for the optimal amount of radiations depending on the annual weather data available for
Pakistan. The tracking system is studied for Horizontal, Vertical and dual axes trackers. It is found that this technique is very
useful to boost the power production in most of the months of year over the fixed PV system approach. Second purposed
solution is selection of suitable PV module types in which the act of changing the PV module types was investigated. Two
types (California Energy Commission module and Sandia module) are used over the conventional simplified silicon
crystalline module. The results are very promising, in which a significant improvement is noted in both radiations harvesting
and power production over the simplified module. Both these purposed solutions are examined in detail and it shows 20%
annual power production improvement for the case of Pakistan.
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1. Introduction have strong impact on photovoltaic systems output power
. o [8-12].
Solar Energy is an important energy resource due to its )
easy availability, cheapness and cleanness. In these days, Solar cells dependence on temperature and its
solar energy is getting more attention due to its technology ~ Performance has been thoroughly studied by many authors

energy demands of modern developing society [1]. the module temperature for effective results and Researchers

are focused to identify and develop models that can find and

A photovoltaic panel is incorporated by assembling many  assess the effects of each wavelength of the spectral
photovoltaic cells which are made of P-N types jrradiance on module temperature.

semiconductor materials. If there is light from sun

illuminating on this P-N junction, it converts light energy Performance of Photovoltaic system is explained by its
directly into electrical energy [2]. efficiency and it is desired to extract maximum power from
solar panels.
Overall performance of photovoltaic systems heavily ] o
depends on environmental parameters like ambient ~ Ratio of output power generated to the solar radiation
temperature, solar light intensity and tracking angles [3]. input is called efficiency (1) and it can be described as [20]

Voc=* [sc *FF
= Pin (1

As we can see from this equation that efficiency of
Photovoltaic Systems depends upon open circuit voltage
(VOC), short circuit current (ISC) and fill factor (FF). The
relation between temperature and these parameters can be
shown as follow.

For open circuit voltage, we can write it as [20]

KT  /Iph
) o Voc=—I’n(—)+1 (2)
To extract maximum output power, it is important that PV o q Is ) )
system operates at maximum power point (MPP). Location Where K is Boltzmann Constant, q is electronic charge, T

of extreme Power point may vary with temperature and solar is temperature, |ph is phOtOCUrrent while IS represents diode
radiations. [6-7]. Hence temperature and solar radiations  Saturation current.

For short circuit current, we can write it as [20]

It is observed that with the increase of temperature, solar
cell parameters like open circuit voltage, fill factor, output
power and efficiency are decreased. This increase in
temperature can reduce output power by 0.54%/ °C in case
of mono-crystalline module and 0.49% / °C for case of poly-
crystalline modules when temperature is increased up to
45°C [4]. For temperature over 25°C, average reduction in
efficiency is approximately 0.45% for each degree [5]. This
phenomenon becomes more prominent in summer.
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= Voc

Isc =1Is (exp KT

— 1) + Iph (3)

For fill factor (FF), we can write it as [20]

_ Im*Vm

FF )

 Isc* Voc
Where Vm is maximum voltage and Im is the maximum
current.

Equations 2, 3, and 4 show that open circuit voltage, short
circuit current and fill factor depends on temperature while
efficiency depends on these parameters. All solar cell
parameters decrease with increase in temperature except
short circuit current which increases [21].

The best model should be designed in such a way that it
focuses to boost up the annual power production by
investigating these effects.

In this paper, modeling of a single solar PV cell
incorporating operating equations and include the
dependence of cell temperature and illumination as
combined effect is done. Its main objective is to find and
maintain operation of PV system at the Maximum Power
Point by keeping temperature and solar illuminations in
optimal conditions to get maximum output power.

This is done by purposing new tracking solution to
harvest and utilize solar radiation as much as possible to
increase the system efficiency and boost up the output
power. Moreover, a detailed discussion is also done to select
suitable type of solar panel to get more power to increase
efficiency at same temperature and illumination. Karachi
(Pakistan) had been chosen to be the location of our study
due to availability of global weather data for whole year
easily. These simulations held using Rhino/Grasshopper
with 3D environment.

This work opens the gate widely in front of different
trends and future study in which the 3D tools and weather
data is utilized to study solar electrical system which is the
main area of novelty.

2. Proposed Model

In this paper, a 3D simulation environment is run and
rendered for a PV system constructed on a specific
geometry. These simulations held using
Rhinoceros/Grasshopper.

Rhinoceros is a state-of-the-art computer-aided design
(CAD) software developed by Robert McNeel & Associates
in 1980, which can be used to generate complex geometries
and 3D models. Similarly, Grasshopperis a visual
programming language developed by David Rutten at
Robert McNeel & Associates that runs within the
Rhinoceros or simply Rhino 3D Computer Aided design
(CAD) application.

Grasshopper provides a visual programming language
with a wide range of add-ons, such as Ladybug, Honeybee,
Energy Plus, Radiation, and many other useful add-ons that
enhance the simulation performance.

Advance uses of Grasshopper include parametric modeling
for architecture and fabrication, lighting performance

analysis for eco-friendly architecture and Building Energy
Consumption.

These simulations held using Rhino/Grasshopper, in
which a building/Geometry is designed to have a PV system
mounted on its roof to study the solar path, temperature,
wind rose and amount of radiation encountered by the
building on monthly basis.

The geometry built with a property to be tuned in width
and length to meet the desired area of several suggestions.
This weather study considers the conditions in Karachi
Pakistan based on global actual weather data.

This weather data can be imported to Proposed Model by
giving URL of this weather data from verified website that
maintains global weather record. Based on above data, the
building encounters a known amount of radiation and
temperature for each month.

The aim of this work is to enhance the PV system power
production considering the collected data. This idea is
presented as a solution that improves the act of the PV
system to the solar radiation to make it always oriented to
the normal direction of the solar radiation. i.e. More
radiation harvesting. This approach opens the gate for a very
good future work and smart building applications.

Top, Front, Right and Prospective view of Building
Design using Rihno/Grasshopper is shown in Fig.1.

Fig. 1. Top, front, right and prospective view of building
design using rihno/grasshopper

The important sections of this purposed model that
depicted in Fig. 2, can be explained as follow.

A. The Geometry Section

This section is the one that is responsible for building and
previewing the geometry. You can edit the dimensions of
the Geometry through the three sliders called: Width, Depth
and Height. Using the Width and Depth sliders, you can
scale the roof area in which the PV cells will be mounted.

B. Weather Data Section

In this section, based on global weather data, Karachi is to
study the weather data that effects on PV system. The. epw
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component allows you visualize and import different kinds
of weather data. In this case, we can visualize the radiation
and temperature as the main parameters that affect the PV
system.

C. PV Module Selection

Form this section, we can choose three different types of
PV modules that affect and enhance the output power while
having the same temperature and irradiation. This is one
way to enhance the output power by selecting suitable PV

Module that gives more output power at same temperature
and illumination. Considered PV Modules are Simplified
Crystalline PV Module, California Energy Commission
(CEC) PV Module and Sandia PV Modules.

D. DC De-rate Factor

To make work and discussion rich, we can use these
parameters to study their effect on the system and annual
output power to obtain more accurate results.

Geometry Specs > Radiation Data Recording for
& Visualization Analysis Different Tracking
Modes
> Energy
Weather Data |~ —»| gystem Capacity > Calculations
Karachi - Estracting &
; - xtracting the
(Pakistan) Calculating and » Fixed Svftem |_ Compare the Fixed
Finding the P o“: s —»( and Tracking Power
—>| Optimal Tilt and | | — results, considering
| Azimuth Angles Collecting the r different Types
for the Fixed > Tracker
Scenario System Power |
DC De-rate
Section — Data Analysis &
PV Module T_\,pe Trackmg System > EXpOl't for MATLAB
Selection > Specs sud l
g Selection
Solar Path Data Analysis &
Investigation Export for MATLAB

Fig. 2. Layout of purposed model

E. Calculating the Optimal Azimuth and Tilt Angles
(Fixed Tracking)

This component calculates the optimal Azimuth and
Tilt angles depending on the location data provided from
the. epw component for Fixed Tracking System.

F. Calculating the System Capacity

Depending on the area of the roof surface declared, the
system size (capacity in KW) of the system is calculated
using a small Python code in the python component and
then fed to the other component that depends on this value.

In this case, System Capacity is 97.38 KW with scaled area
of 540 m2.
G. Tracking System Specs and Properties

This is a very important section, in which you control you
tracking system modes in which PV cell can track the sun
using: Horizontal Axis, Vertical Axis or Dual Axis. That
means that there are two angles to vary: Azimuth and Tilts
angles. The precision of the step size can be determined
using the two sliders. It should be noted that the higher the
slider numbers, the more time needed to process the output
data.

H. Energy Calculations

This component calculates the core outputs of the PV
system. From this component we can have the power

outputs of the fixed and tracking scenarios. Also, we can
have the radiation and cell temperature outputs that can be
used for post process.

I. Output Power for Different Modes

This block prepares and extracts the output power for
tracking and fixed PV systems to the next step for export
and visualizes data.

J. Data Analysis For MATLAB

This block gives you the ability to study and analyze
different types of data such as Radiation and Temperature.
These data can be also exported to MATLAB for different
analysis.

K. Solar Path Investigation

Using this component, you can analyze the sun position
that throughout the year or even a specified period of the
year. This useful when you want to know the exact position
of the sun that achieves a kind of data. For example, you can
specify the sun positions that achieve amount of radiation
more than 800 Wh/m2 in June.

Purposed Model implementation in Rhino/Grasshopper is
depicted in Fig. 3.
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Data Recording for
Different Tracking
Modes

Fig. 3. Purposed model implementation in rhino/grasshopper

3. Working of Proposed Model

The main objective of this paper is to improve the output
production of Solar PV System that is affected by
Temperature & illumination. First of all, we need verified
real time global weather data for the case of Karachi
Pakistan.

It is unique property of Rhino/ Grasshopper that by giving
weather file URL, all hourly weather data is imported to
Model which can be further explained in the Fig. 4 shown
below.
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Fig. 4. Import of weather data to proposed model

This hourly weather can be further modified to each day
and each month as desired to obtain required results as

shown Fig. 5 below.
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Fig. 5. Import of monthly dry bulb temperature

Monthly Dry bulb Temperature can be seen through a
display panel. This export data can be saved in excel form
for further process by right clicking on display panel and
using command Stream Contents as shown in Fig. 6 below.
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Fig. 6. Import of monthly dry bulb temperature to excel

A. Import of Weather Data

As it can be seen that online weather data can be imported
for the case of Karachi Pakistan by following above
procedure. This imported data has all kind of weather data
Dew Bulb Temperature,
Relative Humidity, Global Horizontal Radiation, Global
Horizontal Illuminance and Pressure etc. which can be
exported to study its effects on PV System as illustrated in
Fig. 2. In Table 1, it can be seen that import of average
monthly data for the case of Karachi, Pakistan is done using
Rhino/Grasshopper.

like Dry Bulb Temperature,

Table 1. Import of average monthly weather data for the case of Karachi Pakistan using rhino/grasshopper

Dr Dew
Bul)é) Bulb Relative Wind Hf);l}iozl())z:lltal H(ili(;zzltal Barometri
Month/Mode | Temperatur | Temperatu | Humidity Speed Radiation Hluminance | € Pressure
e re (%) (m/s) (Wh/m?) (Iux) (Pa)
©) ©)

Jan 18.359946 4547177 45.21102 2.761962 776.687 16654.57 101378.4
Feb 21.237202 8.025298 48.33482 2.650298 806.6458 20978.42 101123.4
March 25.434543 12.635215 50.26613 1.478763 915.1156 24613.71 100877.3
April 28.016667 19.008056 61.47917 2.764028 932.2721 27940.28 100493.5
May 30.689516 22.613575 65.2621 3.724194 1076.96 32158.33 100189.1
June 31.447222 24.883889 69.55556 4.886806 867.9521 27233.89 99810.83
July 29.98172 24.045161 71.08737 5.283737 735.4215 22442.74 99632.26
August 29.177016 24.352823 75.78763 4.970161 690.0149 20915.99 99906.18
Sep. 28.639028 22.815139 71.76806 4131111 773.7719 23009.86 100172.9
Oct. 28.23414 14.242473 48.98387 3.205242 1012.578 24625.54 100796.6
Nov. 23.654306 11.418194 52.49028 2.354167 882.8442 19597.36 101098.3
Dec. 19.649866 9.374866 55.40054 1.044892 776.1544 16069.89 101263.2

B. Building Environment Radiation and Temperature

The Ladybug add-on was utilized to study and

calculate the solar irradiance on the modules and also
temperature that affect the building per hour for the whole
year. Ladybug contains different components that process
weather data.

In Fig. 7, it can be clearly seen that most of year has
high temperature in Karachi, which affect the solar panel
performance. On the other hand, this is benefit when
studying the amount of radiation available for the solar
system mounted above the building. Solar Path and Sun
Positions for Degrees between 0 & 32 °C using
Rhino/Grasshopper can be visualize as figure shown
below.

Fig. 7. Solar path and sun positions for degrees between
0&32°C
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If we want to have the only values of temperature
greater than 25 °C and radiation higher than 600Wh/m2,
we can have the following Fig. 8.

As we know that effective period is longer in summer
where the day time becomes longer as shown in Fig. 8,
which is as expected. The total output values of
temperature and radiation is averaged over monthly basis
and then exported to an Excel file for post-process as
discussed earlier. Solar Path and Sun Positions for
Radiation between 0 & 1000Wh/m2using
Rhino/Grasshopper can be visualize as Fig. 8 shown
below.

Fig. 8. Solar path and sun Positions for radiation between
0 &1000Wh/m?
Solar Path and Sun Positions for Radiation higher than
600Wh/m? and Temperature greater than 25 °C is
illustrated in Fig. 9.

Sun-Path Diagram - Latitude: 24.9
Hourly Data: Global Horizontal Radiation (1 Wh/m2)

Sun-Path Diagram - Latitude: 24.9
KARACHI_PAK ::;Zvc Elat:;‘?rv Bulb Temperature (C)

Conditional Selection Applied:
Global Horizontal Radiation > 600
and Dry Bulb Temperature > 25
1150.0 hours of total 4384.0 sun up hours(26.23%).

Conditional Selection Apptied:

Global Horizontal Radiation > 600

and Dry Bulb Temperature > 25

1150.0 hours of total 4384.0 sun up hours(26.23%),

Fig. 9. Solar path and sun positions for radiation higher
than 600Wh/m? and temperature greater than 25 °C

4. Results and Discussion

In the Grasshopper file, all the parameters can be set
and the simulations can be started. The Grasshopper
simulation depends on two aspects in order to enhance the
PV output power considering the same available radiation
and the same temperature.

First aspect is using a three-mode solar tracking system
in which a fixed PV system is compared to a three-mode
movable PV one with Vertical axis, Horizontal axis or
Dual Axis modes.

Second aspect is changing the type of the PV module
in which three PV module types are considered: Basic
Crystalline-Silicon (c-Si) module, California Energy
Commission (CEC) module and Sandia module.

While the building energy and the radiation
simulations are conducted within Grasshopper, the PV
calculations take place within Python. After the system is
run for every simulation approach, the radiation and
temperature results can be exported to excel files.

C. Output Power Results

The simulation had run for every PV module type.
Each time, the PV mode, axis property is changed to a
different axis mode. The fixed PV module simulation had
been run for optimal inclination and azimuth angles
which were found to be 27 and 180 degrees respectively.
On the other hand, each of the vertical and horizontal
tracker modes had run to track eleven angle possibilities.
Finally, the dual axes mode had been run for 11x11 angle
combinations, i.e. total of 121 combination possibilities.
The number of possibilities and be increased up to 90 for
vertical tracker and to 180 for horizontal one but a very
powerful processor will be needed because this will take
very large amount of time to finish, up to days for normal
laptop processor.

1) Output Power Improvement Using a Three-Mode
Solar Tracking System:

In Fig. 10, the mode has changed over to fixed panels,
Vertical axis tracker, Horizontal axis tracker and finally
dual axis tracker. The PV module had been chosen to be
of Sandia type characteristics. As can be seen from the
Fig. 10, the dual axes mode achieved the best
performance over all the other types. On the other hand, it
can be noticed that the vertical tracker, inclination auto-
adaptation, achieved performance very near to the dual
one in July, August and Sep. This means that in terms of
cost, the system can be set to only vertically track in these
months. Finally, the horizontal tracker and the fixed type
exhibited the poorest performance.
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Table 2. Power production for sandia PV module July 10967.06 | 12582.99 11884.02 | 12582.99
monthly PV August | 10707.57 | 1192872 | 11207.15 | 11928.72
MonthMode | Fed | Vertical | Horizontal DAl:gls Sep. 1225308 | 13691.72 | 12391.68 | 13691.72
(KW) (KW) (KW) (KW) Oct. 15618.96 17486.28 15823.26 | 17486.28
Feb 13028.09 141973 13281 1 15191 25 Dec. 11868.6 12586.83 12605.14 | 12586.83
March 14565.38 16241.4 14604.18 16905.54
- Monthly Output Power (KW)
April 14538.45 | 17002.2 | 14946.14 | 17688.84 For Simplified PV Module
May 15593.25 19370.3 16928.55 | 20234.08
June 12673.94 15346.7 14006.95 | 15870.29 A
July 11335.37 13002.7 12268.45 | 13308.65
August 11070.42 12304.9 11570.58 12565.96
Sep. 12632.09 14049.9 12767.5 14453
Oct. 15921.29 17791.1 16117.29 19162.18
Nov. 13631.53 14728.4 14226.7 16134.89 \
Dec. 12158.89 12889.6 12868.16 | 14164.41
s ixed Vallml
”Cll‘l"[clu]‘il _
Monthly Output Power (KW)
For /Sandia PV Module
a Fig. 11. Monthly power production for simplified PV
module
o J\ A \ Moreover, in the simplified PV module, the
performance of optimal angles fixed system show nearly
— J the same as dual in January and December. This is
because of the short-day hours in winter, and because also
— of low temperature means that the system can be switched
to static optimal angles and actuation power can be
reserved in this months, if simplified PV modules is
aixed Vertical mounted.

' Fig. 10. Monthly PV power production for sandia PV '

module

Table 4. Monthly PV power production for simplified
CEC module

Similarly, the simulation had been run simplified and
CEC PV modules. The dual axes maintain the best
performance, as shown in Figs. 11 and 12. However, in
the simplified module, the vertical and dual axes exhibit
almost same performance. Which means that, in terms of
operation cost, the vertical tracker is better choice if
simplified PV module is to be chosen.

Table 3. Monthly PV power production for simplified PV
module

Month/ Fixed Vertical Horizontal DAl:(aeIS-
Mode (KW) (KW) (KW) (KW)
Jan 12129.73 13004.35 12774.222 | 14285.47
Feb 12592.96 13815.56 12870.122 | 14846.63
March 14032.76 15784.7 14063.629 | 16464.72
April 14032.41 16629.79 14436.399 | 17331.64
May 15097.19 19168.21 16517.682 | 20080.57
June 12081.37 14889.1 13416.375 | 15426.70
July 10654 12350.72 11515.335 | 12644.44
August | 10440.13 11700.32 10883.612 | 11951.84
Sep. 12132.38 13612.11 12247.383 | 14029.70
Oct. 15623.66 17621.55 15842.855 | 19062.52
Nov. 13211.04 14361.56 13858.238 | 15831.16
Dec. 11557.93 12296.5 12300.416 | 13583.49

Month/ Fixed Vertical Horizontal DAL)'(?S'
Mode (KW) (KW) (KW) (KW)
Jan 12231.75 13052.97 12839.72 | 13052.97
Feb 12741.1 13925.18 13006.18 | 13925.18
March 14351.99 16077.7 14393.18 16077.7
April 14362.84 16818.18 14770.36 | 16818.18
May 15341.72 19106.18 16676.59 | 19106.18
June 12349.25 14959.02 13659.68 | 14959.02
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Monthly Output Power (KW)
CEC PV Module

emmmlixed l‘(ﬁ‘lical

IIQI‘]"!QH—I‘;I IJlIﬂI Q xes

Flg 12. Monthly power production for CEC PV module

2) Output Power Improvement by Changing the Type of
the PV Module:

Output power can also be increased by using suitable
type of PV Module which can give more power at same
temperature and illumination.

A comparison between the PV modules types is held as
shown in Fig. 13, considering the Dual axes mode as a
reference mode. The Sandia and CEC showed almost the
same performance in terms of power production.
Additionally, they perform better than the simplified
module, especially, in winter and autumn, in which the
performance gap becomes larger.

Table 5. Monthly PV power production for different PV
modules considering dual axis mode

Month/ Simplified Sandia CEC
Mode (KW) (KW) (KW)
Jan 13052.973 14680.62 14285.48
Feb 13925.177 15191.25 14846.64
March 16077.696 16905.54 16464.73
April 16818.18 17688.84 17331.65
May 19106.18 20234.08 20080.57
June 14959.025 15870.29 15426.7
July 12582.993 13308.65 12644.44
August 11928.715 12565.96 11951.84
Sep. 13691.722 14453 14029.71
Oct. 17486.275 19162.18 19062.52
Nov. 14397.445 16134.89 15831.17
Dec. 12586.827 14164.41 13583.5

onthly Output Power (KW)

/\Dual-Axis
N

A\

\y,

s Simplified ess=Sandia CEC

Fig. 13. Monthly power production for different PV
modules considering dual axis mode

Good to mention that although all of the three PV
modules used in this modulation encounter the same
amount of radiation, their performance in terms of power
production differs. It can be clearly depicted when
compared on annual power production basis, as shown in
Fig. 14. Sandia with dual axed mode produces the largest
amount of annual power. The CEC and dual was the
second-best choice. While the simplified fixed one was
the worst, with amount less of about 20% of production.

Annaual Power Production in MW |
For different Modes and PV Modules

ol

Fig. 14. Annual power production for different tracking
modes and PV modules
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D. Radiation and Temperature Analysis

Similarly, Radiation and Temperature Analysis can be
done for Fixed, Vertical, Horizontal and Dual Axes to
increase the system efficiency and boost up the output
power.

Table 6. Monthly radiation harvesting for different
system modes in WH/M?

Temperature Behaviour
Sandia Module at different Modes

7™\

emmmlixed Vertical

Month/Mode Fixed Vertical | Horizontal Dual-
AXxes
Jan 736.8774 | 786.351 776.687 865.5974
Feb 788.6871 | 860.2402 | 806.6458 | 925.7285
March 912.8418 | 1022.248 | 915.1156 1066.06
April 905.8432 | 1065.621 | 932.2721 1109.682
May 986.1434 | 1239.032 1076.96 1297.781
June 781.4405 | 951.4231 | 867.9521 985.895
July 679.4337 | 777.0927 | 735.4215 795.9442
August 660.9687 | 732.4708 | 690.0149 | 748.4374
Sep. 765.8844 | 850.9746 | 773.7719 | 876.0288
Oct. 998.5374 | 1118.989 | 1012.578 | 1211.288
Nov. 840.3036 | 908.8173 | 882.8442 | 1005.463
Dec. 726.0674 | 770.3797 | 776.1544 857.4294

Fig. 15, summarizes the previous explained idea. It
compared the fixed and tracking modes behavior to the
same amount of radiation of the building surface.

Radiation Wh/m?
on Monthly Basis

— Fxed vertical

H g'n'.;gm ,;I

Fig. 15. Monthly radiation harvesting for different system
modes in Wh/m?

As expected, the dual axes PV system harvests the
largest amount of radiation. So, it produces the largest
annual amount of power as seen in above figure. The
vertical tracker achieves the second annual rank of
radiation and power production. However, it can be
noticed that during summer, the dual and vertical trackers
harvest almost the same amount of radiation. Horizontal
tracker and fixed PV showed the least amounts of
radiation harvesting and power production. Further in Fig.
16, comparing the same mode of operation for different
type, Temperature behavior of Sandia Module at different
modes can be shown as follow.

H gl‘]"!gn-l‘il IJlIﬂI A xes

Fig. 16. Temperature behavior of sandia module at
different modes

We can see for example for vertical mode, the Sandia
converts the same amount of radiation for larger amount
of power than simplified and CEC modules. This gives a
significant indication for the importance of PV type
selection before construction.

Similarly, Fig.17 represents effect of temperature on
different PV system. There were slight differences in the
temperature of the PV surfaces. Compared to the previous
results, it can be concluded that despite of the slight
temperature rising in Sandia type and dual axes modules,
their power production was the highest amongst the other
options.

Temperature Behaviour
Different PV modules

Fig. 17. PV module type’s temperature behavior
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5. Cost of Tracking System

Tracking system has two types. One is active tracking
system which is motorized while other is called passive
tracking system without motor. Tracking systems are
made of mechanical parts like actuator integrated with
AC or DC motor, gear, Electronic parts like motor drive
and controller, power supply and sun sensor. Its cost can
be considered as a percent of the construction price which
will be one time. Most important case is about the power
consumption by the tracker which can be reduced to its
minimum cost by using pneumatic actuators that store
energy as pressured air in the times of over production
and uses it when tracking is required.

6. Conclusion

In this paper, the problem of enhancing a Solar PV
System, considering the same environment condition was
investigated. The main aim was to boost up the annual
power production while having the same amount of solar
radiation and also the same temperature conditions. In
order to maintain such environment, the Rhinoceros
power 3D program with its valuable Grasshopper plug-in
was employed. Two approaches were proposed to
maximize the solar radiation harvesting process :(1) Solar
Radiation Tracker System where the PV system is
equipped with actuators that enable the panels to track the
sun for the optimal amount of radiation, depending on the
annual weather data available for Pakistan. The tracking
was studied for three cases, Horizontal, Vertical and Dual
axes trackers. It was found that this technique was very
useful to boost the power production in most of the
months of the year, over the fixed PV system approach,
(2) PV Module Types where the act of changing the PV
module type was investigated. Two types were used over
the conventional Silicon-Crystalline, simplified module:
CEC and Sandia modules. The results were very
promising, in which a significant enhancement was noted
in both radiation harvesting and power production over
the simplified module. This work opens the gate widely
in front of different trends and future study in which the
3D tools and weather data were utilized to study solar
electrical system which is the main area of novelty.
Future studies are studying the effect of shadowing,
depending on its annual data and solar sun path, on the
solar systems production and choose the optimal locations
and suggestions to minimize the effect of shadowing.
Moreover, further studies on the effect of wind and wind
speed on PV system construction and production can be
held. Last but not least, the Architecture design and specs
can be studied to apply adaptive solar panels as building
facades, which yield to power production and also to
building shading. Based on intensive work, this can lead
to reduce the power consumption of heating and cooling
systems while having a clean source of energy that
contribute to the free power sources.
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