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Abstract

This study offers a PV system consisting of bifacial PV modules with a single-axis tracking
mechanism to address the energy requirements of residential buildings. A customized net
metering system is also implemented to monitor the system's power flow. In addition, the
proposed system is referred to as a Hybrid Bidirectional Grid-tied system with a single-axis
tracking. Furthermore, due to the unavailability of bifacial PV panels and the high cost of the
module, a cheaper alternative utilizing two monofacial PV panels was developed. This
innovative module was known as a custom-made bifacial PV. Moreover, the experimental
setting compared the custom-made bifacial PV to the monofacial PV of identical dimensions.
During a one-month period of data gathering, it was found that custom-made bifacial PV were
around 20% more efficient than monofacial PV. Moreover, during midday, the efficiency of

custom-made bifacial PV was as much as 40% higher than that of monofacial PV.

Keywords: Bifacial Photovoltaic, Monofacial Photovoltaic, Custom-made Net-meter, Single-axis
Tracking System
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Chapter 1: Introduction

1.1 Introduction

Solar energy is one of the best renewable energy sources to produce emission-free electricity
to maintain a net zero emission balance. An exponential growth has been noticed over last few decades
in solar panel installations. Solar home systems are far more financially sustainable than domestic
power for urban areas and households with moderate financial states. Based on incident irradiation, PV
panels can be of two types, i) Monofacial and ii) Bifacial. The most promising PV module advancement
today is bifacial Technology. The structure of bifacial is unlike the structure of the mono facial panel.
Monofacial are mainly glass-back sheet type and energy collected only from front side. On the other
hand, bifacial PV panels are of glass-glass and glass-back sheet types and energy is collected from both
front and rear side which is the main attraction of bifacial PV panel. Bifacial PV panels can absorb
irradiation from its both front and rear sides whereas the mono facial PV panel can only collect photons
from its front side. Currently, monofacial PV panels are dominating the market but bifacial PV panels
have the ability to attract interest and by estimated 2030 the share in PV market will rise up to 30% [1].
The cost of solar panels has been falling over the last several decades, and on the other hand, the cost
of electricity from utility grids has been progressively rising, which has led to an increase in solar panel
installations worldwide. A solar home system could be beneficial to urban businesses, and to fulfill
household electricity needs. Rooftop solar home system installation is more preferable to the people in
many ways, including full-price and installment purchases.

1.2 Problem Statement

It is necessary to explain conventional testing procedures since bifacial modules cannot be
evaluated in the same way as monofacial modules. However, the photovoltaic sector is interested in this
technology due to the potential benefit. The technology behind bifacial panels is not new, but their
popularity is. White back sheet against glass are the primary structural and material differences between
monofacial and bifacial PERC (Passivated Emitter and Rear Cell.) modules, and the industry is growing
more confident in the long-term performance of bifacials. Another crucial point is that if bifacial module
prices fall further, so will the output increase needed to offset higher upfront costs. Although bifacials'
annual output growth is often estimated to be between 6% and 10%, the upfront costs might only ask
for a much smaller percentage [2]. Since bifacial solar panels produce more energy annually than
monofacial solar panels, the percentage of energy generation that increases as albedo increases is higher.

1.3 Background Study and Literature Review

Solar home systems can be a more effective alternative to conventional electricity because only
4.2 million out of 25 million households have access to it [3]. According to the weather and energy
demand, researchers are currently attempting to improve the efficiency of solar powered energy systems
utilizing various forms of tracking systems [4]. It appears that improved solar system tracking results
in increased electricity production [5]. There are several tracking systems, including single-axis and
dual-axis solar trackers, that are available to increase the efficiency of photovoltaic modules [4]. It is
crucial to emphasize the potential for combining these technologies to increase the technical and
financial viability of photovoltaic facilities. According to the findings, the bifacial gain ranges from
3.78% to 8.16%, the monofacial panels using tracker gain ranges from 13.40% to 18.20, and the bifacial
modules and trackers ranges from 19.39% to 27.39 [6]. According to recent studies, using bifacial PV
modules can increase annual PV energy production by up to 20% [7]. Additional benefits of bifacial
PV panels include lower operating temperatures, higher open circuit voltage, and less parasitic infrared
radiation absorption from the majority of solar cells, which reduces recombination losses [8], [9]. When
the surface has a greater albedo value, the power derivation of monofacial and bifacial PERC
(Passivated Emitter and Rear Cell) PV modules rises. Bifacial PV panels absorb solar light in both side
cells to produce a higher energy density [8]. Albedo value can boost output energy by 30% if it is
increased to between 0.25 and 0.5 and varied with an elevation of 1 meter [10]. Bifacial PV modules
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have an energy yield percentage that is 6% higher and can rise to 10% because photons that are dispersed
and reflected off the ground and other surfaces are collected. Bifacial PV modules can increase energy
generation by between 10 and 30 percent [11]. In the photovoltaic thermal (PVT) solar system, PV
panels may convert sunlight into electrical and thermal energy at the same time [12]-[20]. The front
and backside efficiency are determined by the bi-faciality index, and bifacial gain is the power generated
by bifacial PV modules [21]. Bi-faciality index is a technique used to assess the effectiveness of both
front and rear side efficiencies [8]. The efficiency of the PV module is determined by a number of
elements, including solar irradiation absorption rate, PV array sizing, reliability analysis, panel
degradation, ambient temperature, thermal and electrical behavior, and albedo value. These criteria
indicate that bifacial PV modules are more effective than monofacial PV modules [22]. A monofacial
PV module needs a larger area to produce the same amount of electricity as a bifacial PV panel [7],
[23]. According to study, the yearly energy collection rate of bifacial PV modules attached to a sun
tracker is 80% higher than that of a monofacial panel that is fixed [24]. In reality, utilizing a single or
double axis solar tracker has an impact on bifacial gain and albedo value, and it produces more energy
that can be converted into thermal and electrical energy [24], [25]. According to observations, bifacial
solar panels provide more energy annually than monofacial solar panels [9]. This long-term electrical
and thermal performance of bifacial PV system design is generating interest [26]. The external surface
of a ventilated exterior made of solar modules has a dual purpose: it reduces the building's warming
while also generating energy from renewable sources [27].

1.4 Relevance to current and future Industry

Bifacial modules, which date back to the 1960s, are one of the most established advancements
in solar panel technology. It is also one of the most recent innovations to catch on. But many
professionals assert that it is currently on course to become the newest trend to sweep the solar sector
and will soon become the norm [28]. Bifacial solar market size was estimated at US$ 3.37 billion in
2021, and from 2022 to 2027, total revenue is anticipated to increase by 16%, or roughly US$ 8.20
billion. Monocrystalline solar panels would see the quickest Compound Annual Growth Rate of 19.61%
over the projection period. The highest efficiency levels, which are typically between 15% and 20%,
are found in this solar panels. Bifacial Solar Panel/Bifacial Solar Module is anticipated to expand at a
Compound Annual Growth Rate of 18.71 percent in the Commercial sector over the course of the
projected period (2022-2027). Due to a rise in the commercial sector's demand for electricity at peak
times. In the commercial sector, a system with bifacial panels and solar trackers generated 27% more
solar energy than a comparable-sized system with conventional panels [29]. In late 2019, 224 MW, the
largest bifacial plant to date, was finished. It is anticipated that growth will continue. Bifacial modules
will make up 17% of the global market for solar panels in 2024, predicts Wood Mackenzie Consultancy
[28]. The unpredictable power production of a bifacial solar panel is its biggest drawback. It is very
reliant on the substrate that supports the modules. Additionally, the mounting structure differs from that
of'a typical module. For the intended output, the installer must utilize the correct mounting arrangement.
For optimal performance, these panels must be installed at a specific height and angle [30]. Numerous
large-scale solar projects have been and are still being constructed using bifacial solar modules. These
bifacial installations show how this technology has become more popular around the world. These
notable developments are listed below: An 870-acre solar farm was finished in 2021 at Robins Air Force
Base in Georgia to power the base. One of the biggest solar projects in Texas will be completed in 2021
with the Taygete Energy Project in Pecos, Texas, which will have 344 MW of solar power. A 224 MW
power generation project in Mitchell County, Georgia, was started by LONGi in 2019. The power
generation facility will be the biggest "bifacial plus tracker" project in the country [31]. The next big
innovation in solar energy is being praised as bifacial solar panels. Bifacial panels appear destined to
gain popularity in the solar industry as they produce more electricity. The industry is now still having
trouble controlling the variables that go into estimating the output of bifacial modules as well as the
costs associated with maximizing the power these modules provide. But as data and technology
advance, these challenges are being gradually solved.



1.5 Objectives, Scope, Requirements, Specification and Constraints

1.5.1 Objectives and Scope

Our main objective in this project is:

Solar home system design.

Analyzing the system with collected data for an optimized system.
Data validation.

Performance study.

Analyzing a cost-effective way of a solar home system.
Monitoring the solar home system for safety analysis.

The scope of this project is:

Providing electricity to an urban house-hold equipment.

Use of zero-emission power generating source (such as Photovoltaic system).
Using a rooftop solar system.

Use of bifacial Solar Panel to increase efficiency of the system.

Lessening the power demand over national-grid.

Self-dependent power generation.

Monitoring of the energy usage to mitigate excess use of electricity.

1.5.2 Requirements [Functional and Non-functional]

a. Functional requirements
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+» Load and energy requirements:

Here we have set the load and energy requirement for an average user of our proposed solar
home system. Here an average user has lamps (LED or Fluo), TV/ PC/ Mobile, Domestic appliances,
Fridge/ Deep-freeze and we are assuming standby consumers to be 24hr [standby means while no one
is at home some electrical appliances might get left on for the entire 24hr such as light bulbs or any
other necessary appliance etc.]: -

TABLE I. TOTAL DAILY ENERGY USAGE OF HOME APPLIANCES
Appliance Use [Hour/day] | Quantity | Power (W) | Energy (W/day)

Lamps (LED or fluo) 4 6 10 W/lamp 240

TV/ PC/Mobile 3 1 75 W/app 225

Domestic appliances 3 3 200 W/app 1800

Fridge/ Deep-freeze 24 1 0.8 KW/day 799

Stand-by consumers 24 - - 144
Total daily energy 3208 W-h/day

12H

N\ 5H 9
6H \ 18H 6H
="

Fig. 1. Hourly use of household consumption per day
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Here Fig. 1 illustrates the amount of time an appliance is being under usage by the owner throughout a
24-hour time window.

R/

< Inverter:

Inverter rating for this kind of user requirement should be 1.3 KW-ac with an operating voltage
of 22-48 volts. And Pnom ratio is = 1.12 (DC-AC).

¢ Battery size and charging current:

Battery rating would be 12V/ 100Ah and the number of units would be required is 4 unit. Max
charge power is 1.1 KW-DC. Maximum efficiency would be 97 percent. The stored energy from the
four unit will be 3.8 KW-h. The battery packs characteristics would be voltage = 48V and nominal
capacity = 100Ah and the ambient temperature of the battery should maintain around 20 degrees
Celsius.
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+ Renewable energy source:

Photovoltaic panel (PV) is required. Here we are using Bifacial PV module and one panel would
have nominal power = 350 Wp. The number of PV module is required for this project is 4 and the
Nominal (STC) is 1400Wp. The module area is approximately 8m?2.
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Fig. 2. Array voltage sizing of the PV Panels

Here, form Fig. 2, it can be observed that the bifacial panel we are using can operate in the temperature
range of 60 °C to 20 °C but for example if the temperature is at an extreme situation such -10 °C, then
the PV module won’t function properly. From the graph we can observe that at V,;,,, maximum the
current is minimum and at V.., minimum the current is maximum.

¢+ Location requirement:
The location requirements are the followings

e We will install the solar home system on a building’s rooftop which is a 7 storied building
which has longitude 27.2046° N and latitude 77.4977° E.

e Sunlight reaches the site easily from early morning till 5 pm.

e The roof has an 18m-by-18m dimension and has adequate availability of rainwater pipe and
vent pipe to prevent water from getting stuck in the rainy season, the vent pipe is for the junk
and waste items to be ventilated.



e In Fig. 3, the shady and non-shady regions are identified.

Fig. 3. Site plan [location requirement]

e Design of a charge controller that matches the PV array and battery voltages. We have chosen
operating mode of the charge controller in direct coupling mode. The controller type is universal
direct controller with Voltage 24V and current ranges from (64A — 27A)

e Plain and smooth surface at the bottom of the PV module.

b. Non-Functional requirements

The following are the technical and non-technical contains of the project, regardless of these
constraints there maybe unexpected constrains that may come ahead while the project is implemented

e Monitoring the solar home system for safety analysis.

e PV installations must be operating for many years with little maintenance after their initial set-
up.

e The system must be efficient to produce maximum electric power.

e To have a white-colored wall around the site to get better light irradiance.



1.5.3 Specifications

TABLE II. SPECIFICATIONS OF ALL THE COMPONENTS WE WILL USE IN OUR PROJECT
Sub-system System specification System Component
. Si-mono .
Photovoliaic (350W-p, Voc (-10 degree) =44.1V, [34535‘2312131&831\‘;1_5 ]
Vmpp (60 degree) = 28.8V) P
Charge DC-DC (Universal direct charge controller)

MOSFET, Diode, Relay

Dust particle measurement (PM2.5
[particulate matter 2.5])

Controller (24V, [64A-27A])

Tracking Here \.Nlth respect to th? design s.[two 1n our LDR sensor, resistors, microcontroller,

s case] in the second design we will need two

ystem actuators
trackers.
Temperature range (24deg — 30deg),
Barometric pressure range (101,325 Pa - Temperature sensor, barometric pressure

Monitoring 100,000 Pa) sensor, dust particle sensor,

microcontroller

1.5.4 Constraints

e The availability of each and every component required for the project, is a technical constraint.
e One of the biggest roadblocks is the lack of bifacial PV modules in Bangladesh.

e Many people don't know how to properly maintain their existing Photovoltaic panels.
e Poor maintenance is also a factor in the general public's lack of knowledge about solar home

systems.

e Producer and customer restrictions include a lack of promotion, a bad economy, and client
unawareness.

e Improper site selection for solar panel configurations is another major source of energy output
degradation.

e Dependence on weather conditions.

1.6 Applicable compliance, standards, and codes

The applicable compliance, standards and codes that this project will abide by are in the
following TABLE III. The name and purpose of the specific conducts are described in the TABLE III.

TABLE III. COMPLIANCE, STANDARDS AND CODES
Code Name Purpose
(Solar energy) Specification and classification of We will follow this code to obserye the
150 instruments for measuring hemispherical solar and atmosphere, where the system will be
9060:2018 . § fiemisp installed and will also observe the solar
direct solar radiation L.
radiation.
(Solar energy) Reference solar. sP cctral ntrfldlance We will follow this code to observe the
1s0 at the ground at different receiving conditions — L .
. . . solar irradiance level at the site the
9060:2018 Part 1: Direct normal and hemispherical solar . .
L . system will be installed.
irradiance for air mass 1,5
IECTS U“hty'r‘é‘gzg‘fr‘;“t%‘;tg‘ighsg‘l’;ol:ir‘icdg_’tvhirgzri' Test | We will follow this code to properly use
63217:2021 p & & the inverter for safer interfacing.
measurements
We will follow this code to have a
IECTS Photovoltaic systems - Specification for solar proper interfacing over the individual
62727:2012 trackers components of the tracking system in

the solar powered system.




1.7 Systematic Overview/summary of the proposed project

m

Monitoring
the system

available?

PV module "i’

; Monitor temperature,
single axis Barometric pressure
sun tracker and dust particle for

aN the safety of the PV
P \\ Additional pannel
~ Does \\ g:“'g: If the _
Solar charge battery has stored > system has grid
controller ] “\_ energy? connectivity?
Read all the
monitored data by
sensors and send

them to a
microcontroller

If excess

energy is No
produced?
Is the load .
[}
DC?
Inverter
Yes
Yes
Microcontroller
4 receives the data
and shows them
to the display.
@< J Provide electricity to
the household
appliances
Charge the Y
battery

Fig. 4. System flow diagram

Solar system is an advanced technology to convert the solar energy to electrical energy. When sunlight
falls into the PV panels, this solar energy converts to electrical energy and get stored in the batteries.
Solar charge controllers are also used to control the charge capacity of these batteries. To distribute this
electricity to the electrical appliances, it is needed to convert AC current since the appliances uses AC
electricity. Inverters easily convert this DC current to AC current. Firstly, the system makes decisions
based on whether or not sunlight is available. If the weather is sunny enough, the PV module will be
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activated and collect sunlight radiation and convert it into electrical energy. Since, we are proposing
Bifacial PV panel solar system sunlight will be collected by both front and rear side cells. We will use
a sun tracking system because the position of the sun is not constant. The single axis sun tracker will
help in tracking the position of the sun. This generated electrical energy will be used to charge the
battery. The solar charge controller will ensure that the batteries are not overcharged, ensuring battery
longevity. If sunlight is not available and sufficient energy is not produced by battery, another decision
will be made regarding whether the battery has stored sufficient energy or not. Furthermore, the system
will determine whether or not the system is connected to the grid. If the system is not connected to the
power grid, it will go back to determine whether the battery is sufficiently charged. If the battery has
stored enough energy and the system is grid-connected, the current generated by the solar panels will
be transmitted to the DC load to power household appliances. If an alternating current (AC) load is
connected to the system, AC current will be converted to the DC current by transporting current to
inverter before distributing power to electrical appliances. Temperature, barometric pressure, and dust
particle for the safety of the PV panel will be monitored from collecting sunlight to providing electricity
to household appliances. Finally, the monitored data will be read and evaluated by sensors before being
transferred to microcontrollers for display.

1.8 Conclusion

Bifacial PV system is an innovative technology capable of competing with conventional power
generation. Solar irradiance collection by both front and rear side is the main feature of Bifacial PV
module. Observing the evaluation of energy generation rate, this is predictable that Bifacial PV solar
system will be more reliable than monofacial PV solar system. Nowadays, this technology is one of the
most researchable projects. Since bifacial PV panels are more efficient and benefited than mono-facial
PV panels, there is a huge opportunity to strengthen the solar PV market. In this study, an optimized
and financially efficient Bifacial PV panel based solar home system has been proposed for urban areas.
Due to some structural changes has made Bifacial PV panel system more efficient than mono-facial PV
system. Moreover, a graphical simulation based Bifacial PV solar system has also been shown to
implement the system properly in hardware. Proper database, tools and simulation will result in an
efficient Bifacial PV solar system. The proposed solar home system will benefit the urban population
by reducing the electricity demand dependent on the national grid. Analyzing the power characteristics
and the installation cost, this system will provide electricity to the home appliances for an ideal case.
We expect Bifacial PV panel solar home system will increase people's attention.



Chapter 2: Project Design Approach

2.1 Introduction

The objective is to design a rooftop solar home system. There are many designs of the system
that can be implemented. However, the system must be efficient, reliable, cost- effective and must
supply adequate amount of power according to the user’s demand. A solar home system is self-
dependent. It is 100% carbon neutral because it generates energy by converting solar energy into useful
electrical energy. As, the sun does not always shine, plan for a backup energy supplier have to be taken
in mind that, will assist in case when the system is unable to provide sufficient power to the load. Since,
most household appliances uses Alternating Current, but Photovoltaic panels generates Direct Current,
it is compulsory to use an inverter that will supply AC power to the house hold electrical. Tracking
system containing motors, microprocessors and sensors could be installed that would make the PV
panels follow the sun’s path to further boost up the efficiency of the total system. Monitoring system
could also be added into the solar home system for safety analysis and for keeping track of energy
usage, to reduce over use of electricity.

2.2 Identify multiple design approach

2.2.1 Design 1

| System I
1 I| User (Load)

PV array | | U Array I
I Regulator |
| I Array |

E Array N | — | E User
L ./° T
[ s I
I I Batt.
I Back-up T Fuse q l Ch/Disch l User
, .
1 I
| Batteries | User
= .
PV U Backoup : Fixed
Array : generator 4; Temp | |_E needs

I U Batt I
] ]
I I
1 I

Fig. 5. Standalone system (fixed axis tiled)

Fig. 5, illustrates a standalone system and fixed axis tilted PV setup is used as utility grid for
the user. The PV panels are Bifacial PV panels.



2.2.2 Design 2

1 [
PVarray | | System I User (Load)

D | 1 [
[

! Grid

E Array || Inverter | | E out inv. E over
I
O ]

E used 1 1 E back-up

O3]

U Array

User
E needed

Fig. 6. Hybrid Bidirectional Grid connected system (mutual shading — fixed axis tilted)

Fig. 6, illustrates a grid tied hybrid system and fixed axis tilted PV setup is used as utility grid
for the user. The PV panels are Bifacial PV panels.

2.2.3 Design 3
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Fig. 7. Hybrid Bidirectional Grid connected system (single axis tracking system)

Fig. 7, illustrates a grid tied hybrid system and single axis tracking system PV setup is used as
utility grid for the user. The PV panels are Bifacial PV panels.
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2.3 Describe multiple design approach

2.3.1 Design 1

In Design Approach 1, we constructed a standalone system consists of three sub-systems: PV
array, system and the user (load). In the system part, there is a regulator that regulates the non-constant
output voltages produced by the PV array. The system also has a back-up generator to supply power to
the load when there is no energy generation by the PV panels. It also has batteries to store excess energy
produced by the PV array, and use that energy later when the energy production is less than
consumption. We used a fixed axis tilt of 22.8° by calculating the longitudinal, latitudinal and
altitudinal values of our location.

2.3.2 Design 2

In Design Approach 2, we built a hybrid bidirectional grid connected system which also has
three sub-system parts like our first approach. This system is connected to the grid and will provide
power to the grid when excess energy is generated by the PV panels and also consume energy from grid
and feed the load when the system is not producing sufficient energy. The user’s load is connected to
both the grid and the inverter. Here, we used an inverter to convert the output DC voltage from the PV
arrays to usable AC voltage for AC loads.

2.3.3 Design 3

In Design Approach 3, being similar to our second design expect, with the addition of a single
axis tracking system. The single axis tracking system will keep track of sun’s direction and would make
the PV system capture maximum energy, as much as possible. Here, inverter and backup battery banks
have been connected to the system to store the excess energy produced, for later usage, when energy
generation is not sufficient for load. This system will also provide power to the grid when excess energy
is generated and also feed energy to load from the grid if the stored charge in the battery runs out.

2.4 Analysis of multiple design approach

All of the three multiple design systems operate differently from one another, although the way
they produce and supply power to home is quite similar. PV panels do not generate energy when there
is no sunlight. But when there is lot of sunlight, the panels can generate more energy than required. This
extra energy could be store in the battery bank which can be used later at night when there is no sunlight.
However, battery bank also has a limited capacity and has chances of run out of stored charge after
heavy usages of electricity, which usually peaks during evening and night times. Also, battery bank that
has very high storage capacity and can supply uninterrupted power are very expensive to buy and
maintain. To avoid such complication, a backup generator could be connected in the standalone system,
but this also has its disadvantages as generator needs fuels such as diesel to run, which of course emits
carbon dioxide. This is a direct conflict to one of our main goals that is to design an emission free energy
producer for home. On top of that the price of petroleum in the international spot market does not stay
stable and fluctuates a lot. If diesel is expensive, this would put a huge burden on the customers if they
want continuous energy supply. Theoretically, the standalone system can work in the desired way but
practical assumptions tell us that the system operation would not be as feasible, both technically and
economically. The Hybrid Bidirectional Grid connected system could completely omit the complicacy
of the backup generators, however, the system will not be an independent system like the Standalone
system. Dependency on the grid electricity would be a factor to look for. But the unpredictable expenses
on generator fuel and carbon emission would not be an issue anymore. In Hybrid Bidirectional Grid
connected system when the panels are not generating enough power at absence of the sun, electricity
from the grid could be taken in and use via the system-grid. Also, when the system is generating more
power, some of the extra power after consumptions could be sent back to the grid like a miniature power
station. The customer could profit from the national power grid company if they could sell more power
than they buy. Design 2 and Design 3, both are Hybrid Bidirectional Grid connected system, but design
2 uses fixed axis tilted panels and design 3 has single axis tracking system attached to the panels. It is
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certain that panels with tracking system to identify sun tracks are capable of producing more energy
from sunlight than panels that are tilted at a fixed axis. A battery could also be added to further
increasing reliability and feasibility of the system. The panels in multiple design approach 3 with the
support of trackers, should able to generate higher maximum energy than the panels of design 2 and
design 1 and with the aid of battery bank, the more extra energy could be stored for later usage during
night. This would make the system less dependent on the grid electricity during insufficient energy
production of the system. The user could possibly profit more from selling power as the buying from
the grid could be minimized because of the backup supply from battery bank. In case when the battery
charge runs empty, the grid connected to the system could provide power to the loads. After assuming
all possible practical outcomes, analyzing all of the three design approaches, we can declare,
hypothetically that our design approach 3 is the best and most optimized design in terms of reliability,
feasibility, maintainability and economically.

2.5 Conclusion

Although we have made a proposition that design 3 is the most optimized design, further
investigation needs to be performed to proof and strengthen our claim. From the three proposed designs,
output data will be collected from them and their working principles and performance will be studied.
For the precision of the data, the systems have to be run and operate in the same environmental condition
over and over many times. The data will be validated and any anonymous data shall be ignored. The
data will be thoroughly analyzed and compared. After comparing the results, the most appropriate and
most optimized system design will be selected for the solar home system considering their efficiency,
usability, reliability cost effectiveness and impact.
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Chapter 3: Use of Modern Engineering and IT Tool

3.1 Introduction

The use of modern engineering and IT tool is very significant for the project. Since, the project
is about PV panels and using them to build a solar home system, we have identified some of the IT tools
on how to use them to get our desired output. The name of the IT tools is given below:

. PVsyst

. Homer Pro
. PVPlanner
. RETscreen

For the study, sizing, and data analysis of full PV systems, there is a PC software program
called PVsyst. It covers grid-connected, standalone, pumping, and DC-grid (public transportation) PV
systems and has vast information on meters and PV system parts in addition to generic tools for solar
energy. The HOMER Pro microgrid software from HOMER Energy is the industry standard for
maximizing microgrid designs across all industries, from grid-connected campuses and military posts
to village electricity and island utilities. When planning and optimizing photovoltaic (PV) systems, the
online simulation tool PVPlanner uses high-performance algorithms, climate and geographic data with
high temporal and spatial resolution. The RETScreen Software is intelligent decision support software
that enables stakeholders to quickly identify, evaluate, optimize, and monitor the performance of clean
energy investments throughout the course of the full project life cycle. We have also identified some
other IT tools for output waveforms for our project, these are:

. MATLAB Simulink
. LabVIEW
. Scilab Xcos

Simulink is a block diagram environment for model-based design and multidomain simulation.
It provides continuous testing and verification of embedded systems, simulation, automatic code
creation, and system-level design. For modeling and simulating dynamic systems, Simulink offers a
graphical editor, adaptable block libraries, and solvers. Because of its integration with MATLAB, you
may export simulation results for additional analysis and include MATLAB algorithms into models.
With both continuous and discrete models, the Scilab tool Xcos is used to model and simulate hybrid
dynamic systems. It also enables the simulation of systems regulated by both explicit and implicit
equations (causal simulation) (causal simulation). By linking the blocks to one another, the graphical
editor in Xcos makes it simple to represent models as block diagrams. National Instruments' LabVIEW
is a platform and development environment for a visual programming language. LabVIEW is an
acronym for Laboratory Virtual Instrumentation Engineering Workbench. The name of the graphical
language is "G." LabVIEW is frequently used for data gathering, instrument control, and industrial
automation on a variety of platforms, including Microsoft Windows, several flavors of UNIX, Linux,
and Mac OS X. LabVIEW was first made available for the Apple Macintosh in 1986. Version 2011 of
LabVIEW is the most recent release.

3.2 Select appropriate engineering and IT tools

3.2.1 Comparison of PVsyst. Homer Pro, PVPlanner and RETscreen

TABLEIV. COMPARISON OF PVSYST, HOMER PRO, PV PLANNER AND RETSCREEN
PVsyst Homer Pro PVPlanner RETscreen
I.S for PV System Is a micro-grid optimization It is a cloud-based Itis an Excel-baged
design and simulation . . clean energy project
. software, comes with software and claims .
worldwide. The analysis software tool
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developers claim this
software is designed
to be also used by
students

Simulation, Optimization and
Sensitivity Analysis tools

their data is highly
accurate

determine the technical
and financial viability of
potential renewable
energy, energy efficiency
and co-generation
projects. Student
Friendly

Quick estimation of
production at project
planning stage,
detailed study, sizing,
hourly estimation.
Generates a
comprehensive
simulation report

Not specifically designed for
Solar PV. Does not do
shading analysis. PV
electricity generation report is
less comprehensive due to
limited information on
weather data and module
data. Many loss factors
during PV power generation
are not added to calculation

Accurate satellite data
allows user to make
estimation of solar
radiation and PV
power potential of a
location. It is only
available as an online
version, so an internet
connection is
mandatory

Consisting of a macro
enabled spreadsheet that
has all the formulae in
place to calculate various
sorts of energy sources
and allows user to
calculate PV power
generation based on
location, do cost analysis
and determine project
feasibility

Allows high level of
control of various
factors. Simulates

most parameters that
are required by PV
system designers

Schematic View is useful.
Not intuitive and too many
parameters to be added
manually

Interface is neat and
intuitive but the
performance could be
affected by internet
connectivity

Fairly easy to use and
has options to choose
from drop down lists.
There is not much scope
of modifying values and
percentages

Thousands of modules
and inverter models.
Can also input user
defined data

Can import module data.
Only 8 modules (including 1
generic) and 8 (including 1
generic) inverters are
included in the program

Long term annual and
monthly average data

is included in the basic
package. There is no
option of importing
other data types like
NASA, Meteonorm,

Comes with limited
number of modules but
not inverters. There is no
scope for adding custom
module or inverter data

SAM
C‘isztg g(s)(?éﬁf lf?gT Cost: USD 4200/BDT | Cost: USD 3.600/BDT Free of cost
00 it 399,000 Annually 342,000 PER YEAR fee ot cos
Version
PVsyst:

PVsyst is a well-known software through which various real-life parameters of the solar plant
is considered compared to other solar powered simulation environments. Through PVsyst we can define
the tracking system PV panels setup, consider shading factor to the site that the panels will be planted.
We can also draw a visual representation of the site where the system will function through PVsyst.
Economic evaluation of the project can also be done through PVsyst.

3.2.2 Comparison of MATLAB Simulink, LabVIEW and Scilab Xcos

TABLE V.

COMPARISON OF SIMULINK, LABVIEW AND SCILAB XCOS

MATLAB Simulink

LabVIEW

Scilab Xcos

It is a computing language for control
algorithm development and simulation

Is mainly a graphical
programming language for
visualization and parameter
tuning for remote operation

Is a tool dedicated to the
modeling and simulation of
hybrid dynamic systems
including both continuous and

discrete models

Simulink is great for implementing
control algorithms and embedded
applications

In LabVIEW, we can face
difficulties while designing
control algorithms as graphical
programming

Control algorithms can be
implemented to some extend in

Xcos
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MATLAB Simulink mainly provides
mathematical/numerical and technical
computing environment

LabVIEW is a system design
platform that allows data
acquisition, test automation,
instrument control and
embedded system design

Scilab Xcos also allows
simulating systems governed by
explicit equations (causal
simulation) and implicit
equations (acausal simulation)

Designing in Simulink is simple and
does not require sophisticated software
and hardware. It comes free with
MATLAB

LabVIEW requires hardware
interfacing and other software.
It is not free

Designing is similar to
Simulink. Xcos is free and
comes with Scilab

Is used for simulations and has
extensive libraries that contain higher-

LabVIEW is used where a
functional and intuitive GUI or
interaction with hardware is

Its libraries have some
important predefined

level functions components for simulations

required
$2,350.00/ BDT 223,250 Perpetual $2,771.00/ BDT 263,245 Per
. Free and open source
license Year

MATLAB Simulink:

MATLAB Simulink is a programming platform designed specifically for engineers and
scientists to analyze and design systems and products that transform our world. The core of MATLAB
is the matrix-based MATLAB language, which enables the most organic expression of computer
mathematics. For a variety of applications in industry and academia, including deep learning and
machine learning, signal processing and communications, image and video processing, control systems,
test and measurement, computational finance, and computational biology, millions of engineers and
scientists around the world use MATLAB. Learning is possible whether we are a rookie or an expert
because MATLAB is made for the way we think and the work we do.

3.3 Use of modern engineering and IT tools

3.3.1 PVsyst

PVsyst is the software that shall be used for the simulation purpose of the power calculation
and PV array sizing depending on the requirement of an average user. PVsyst is a well-known software
through which various real-life parameters of the solar plant is considered compared to other solar
powered simulation environments. Through PVsyst we can define the tracking system PV panels setup,
consider shading factor to the site that the panels will be planted. Moreover, a visual representation can
also be drawn for the site where the system will function through PVsyst. Economic evaluation of the
project can also be done through PVsyst. Besides, PVsyst software can also produce more detailed and
elaborated reports than the others. This software is more realistic and student friendly. This software is
mainly designed to deal with PV system components databases and solar energy tools. Also, a greater
number of modules in PVsyst compared to the other software and it allows high level of control of
various elements. However, most parameters used in solar installation and for data reading are
calculated precisely by PVsyst which is the important reason of using PVsyst software. PVsyst is
exemplary software to optimize the solar PV designs. Mostly, solar plant designers prefer this software
over other software without hesitation. There are also some other notable software used to calculate
solar parameters such as Homer Pro, PVPlanner, RETscreen but PVsyst is the most preferable and
easier to use. Although, RETscreen is free of cost, we still choose PVsyst which is cheaper than the
other two software. Moreover, PVsyst also has wide varieties of features some of which are not present
in other simulation applications. To explain and design an optimized PV system, especially Bifacial PV
system, PVsyst can be the best option. In the following Fig. 8, depicts one of the usages of the software
in this project.
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Fig. 8. Use of PVsyst in the project

The Fig. 8, illustrates a screenshot of the simulation software, PVsyst used in the project. From the
screenshot it can be clearly seen the different aspects of the system that we are trying to design, can be
changed here such as pre-sizing settings, bifacial settings, module and inverter selection, array design
and system status. Here, in system status, under global system summary, the number of modules used
is 4 and the module area is 7m?. Nominal PV power is 1.4kWp. From module selection option, we can
choose the name and type of PV module that we want to use which also shows the sizing voltages at
two different temperatures (-10° and 60° C). This also has a bifacial setting for tuning the bi-facial
features of the PV module. In pre-sizing setting, we can enter the amount of planned PV power which
is 1.4kWp as clearly shown. PVsyst also allow us to choose and configure the inverter we want to use
from select the inverter option, and change different parameters of the inverter. Lastly the array design
option from where we can select the numbers of PV module and modify their connections. We can also
see the other parameters like, area, plane irradiance, different current, voltage and power values.

3.3.2 MATLAB Simulink

MATLAB Simulink is a widely used software in many industries. MATLAB Simulink is used
in this project over other simulator because of its superior control of the components from library. In
Simulink, using this software, components can be customized, for example changing PV arrays’ cell
type, module type, maximum power output, -V characteristics, series-parallel connection and other
aspects which are not possible in LabVIEW and Scilab Xcos. This makes working with Simulink much
easier than the other software. Besides, Simulink can also simulate systems that resemble a real-world
practical system making the simulation more realistic. Since, its component library is quite rich,
designing any system for various parameters is quite easy with MATLAB Simulink. However, using
this software solar plant blocks can be designed perfectly. Through MATLAB graphs and charts can be
generated. Using MATLAB Simulink, the whole PV system of the project can be built, containing PV
cells, battery, loads and other components and run the system under various situations and environment
to individually determine the working principles and behaviors of the whole system and sub-systems.
This simulation platform gives the opportunity to explain, design and check the outcome of solar system
design in a graphical view. Another important advantage of this software is not complex; rather the
installation requirements of this software are also very simple. In the following Fig. 9, depicts one of
the usages of the software in this project.
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Fig. 9. Use of MATLAB Simulink in the project

The Fig. 9, illustrates a screenshot of the software, MATLAB Simulink, used in the project to design
the circuit level system. Here, it is clearly noticeable the two different parts of the Simulink software:
the toolbar, from where icons of variety of tools, functions and options can be found and implemented
and the blank white platform, where different blocks can be connected and run in the environment to
simulate the system. In the toolbar, there are icons named ‘Open’, ‘New’, ‘Save’ which are for opening,
saving and creating new simulation files, respectively. We can also set the stop time of the simulation
in the ‘Stop Time’ option by inputting a number. From the ‘library browser’ icon, we can search and
select different build in blocks to place in the white platform and make connections among them to
create and resemble a real time system. The ‘Run’ icon when selected will run the system designed in
the Simulink environment, which would produce different kinds of data and outputs relative to the
system. Some custom-made blocks in the white platform, where all are connected to each other can be
seen here, from which each blocks contains many other different kinds of interconnected build in blocks,
all together to create a huge system. The scope shows the input and output of the system, representing
the data as a graphical illustration.

3.4 Conclusion

Bifacial PV solar system is one of the most interesting researchable projects nowadays.
Different companies are initiating further researches to improvise this high technology. Modelling and
simulation of Bifacial PV module is the primary step to build an efficient Bifacial PV solar system.
Simulation platforms help to design these simulating models using different parameters and modules.
Some important parameters such as solar irradiance, I-V characteristics of solar panels, power- voltage-
current ratio, temperature, resistances, open-circuit voltage, short-circuit current etc. are calculated by
simulations before hardware implementation. Moreover, MATLAB Simulink and PVsyst type software
is student friendly that is why simulating designs are easier and affordable. These softwares also
represent the simulation in realistic and graphical method, so comprehending the simulations are
spontaneous. To develop the future bifacial solar PV industry, modelling and simulation of solar PV
panels will be major key point. In this paper, MATLAB Simulink and PVsyst software-based
simulations have been discussed. Some other software’s Homer Pro, PVPlanner, RETscreen and
LabVIEW, Scilab Xcos are also used to design and deals with solar PV system tools but MATLAB
Simulink and PVsyst are more applicable for our undergraduate solar PV system designing. The
outcomes of the graphical simulation and the analyzed data have been observed properly before
implementing in hardware.
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Chapter 4: Optimization of Multiple Design and Finding the Optimal Solution

4.1 Introduction

An engineering complex problem may have multiple types of solutions so does this project. As
the project is a solar home system design, thus we have picked out three multiple design approaches. In
all of our design approaches, a Bifacial PV panel has been used, and then the output and results were
compared to observe which one is the optimal solution for the project. For comparison of all the three
multiple design approaches, an iso-shedding diagram, normalized energy production bar chart, monthly
performance ratio chart, Sankey diagram, and economic valuation was used. Firstly, an iso-shedding
diagram depicts the path of the sun over the course of 24 hours and shows us at what time of the day
the energy production is maximum and minimum. It also informs us about the value of albedo and
attenuation for diffuse. The shading losses can also be figured out from the iso-shedding diagram.
Secondly, the normalized energy production chart shows the energy supplied to the user on monthly
basis. Furthermore, it conveys information about unused energy, collection losses, and system losses.
Thirdly, the monthly ratio performance chart displays us the energy supplied to users and energy loss.
Additionally, the Sankey diagram provides us with detailed documentation of the efficiency, mismatch
losses, the total energy produced, energy directly used, energy stored, and some other factors. Finally,
an economic valuation is also shown of all three designs to analyze which design approach is cost-
effective. Thus, by analyzing all these aspects and calculations the optimal solution to this project can
be found.

4.2 Optimization of multiple design approach

4.2.1 Design 1
The site planning of design approach 1 is illustrated in Fig. 10.
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Fig. 10. Perspective of PV-field and surrounding shading scene
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Here, we have chosen a design of PV array in a 1-by-4 single array. We have chosen a fixed tilted plane
for our standalone design. Tilt angle = 22.8 degrees.

Tilt 2 3° Azimuth 0

South

Fig. 11. Tilt type fixed axis of 23 degrees

Fig. 11, depicts the tilt and azimuth of design 1 [standalone system], 23 degrees is the optimized angle
for the fixed axis tilted PV system. The tilt angle is chosen approximately 23° by calculating the
longitudinal, latitudinal and altitudinal values of the geographical location. The value of azimuth angle
is taken as 0°. The PV array will be facing will be facing the west as the tilt angle will be 23° from
east. Therefore, it can be seen in the above figure that, how the PV panel will be fixed according to the
west, east and south in the standalone system.

1.2
Year 1.2 /\

1.0 1.0
0.8 | | FTranspos. = 1.06 0.8

~| Loss/opt. =0.0% -
0.6 1 L 0.6 I I 1
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Plane tilt Plane orientation

Fig. 12. Yearly optimization of the fixed tiled plane

Here, the yearly optimization of the fixed tilted plane is shown in Fig. 12, which illustrates the optimized
tilt angle consideration according to the geographical place [Mohakhali] and the plane orientation for
best outcome [solar energy to electrical energy by bifacial PV in standalone fixed axis system].
Considerably, over a certain period of time or yearly the transposition factor is 1.06. The loss of
optimization is zero percent. The Global radiation on the plane of PV array will be at a considerable
rate as the angle is fixed at 23°. The energy produced by this design approach will also be lower as
compared to other two design approaches. The main reason for this is the fixed tilt angle, as the sun’s
path changes over the course of 24 hours so the fixed tilt angle will restrict the PV array from consuming
the maximum energy. If any solar axis tracker is used, then the PV array would be able to locate the
direction of sun and thus can produce maximum energy. As a result, this design approach will not
provide the maximum efficiency but it will be much less expensive as no solar tracker is used.
Therefore, usage of solar trackers in any of our design approach will boost our efficiency.
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Fig. 13. Iso-shedding diagram

Fig. 13, illustrates the iso-shedding diagram according to azimuth and suns position for the PV panels
tilt angle optimization. With this diagram we can minimize the shading losses due to suns position or
panels position. Here we can see from the iso-shedding diagram that before 6am and after 6:30pm the
panels are slightly behind shadows. Attenuation for diffuse 0.032 and albedo for the site for this design
is 0.315.

» Main results

TABLE VL SYSTEM PRODUCTION AND ECONOMIC EVALUATION OF DESIGN 1

System production Economic evaluation

Available energy = 1650 KW-h/ Total investment =

year 105932 Tk
Specific = 76 Tk/ W-
Used energy = 1168 KW-h/ year AI; rfliitlices — 2478 Tk P The battery life time will be approximately 8.6

Excess (unused) = 463 KW-h/
year
Specific production = 1179 KW-

years for the system design.

Run costs = 791 Tk
Payback period = 11

) years
h/KW-p/ year . Energy cost = 4 Tk/
Performance ratio = 51.35% KW-h

The produced energy of the first design approach is 1650 KW-h/year. Around 1168 KW-h/year is used
energy and the rest of the produced energy is unused. The performance ratio of this design approach is
51.35%. As the specific production per year stands at 1179KW-h/KW-p, so the performance ratio will
stand at that point. An economic evaluation is also done to analyze if this design approach is cost-
effective than the other two design approaches or not. A total investment of Tk. 105932 is made. Out
of this cost, specific production sits at Tk.76/W-p, the amount of annuities values at Tk.2478. The
payback period of this design approach is roughly around 11 years. In this case, the energy production
cost charges at Tk.4/KW-h. The cost of per KW-h energy is quite economic but the efficiency is
relatively lower. By this economic valuation and analyzing the system production, the efficiency of
each design approach can be evaluated. Lastly, it can be viewed that the battery lifetime is
approximately at 8.6 years.
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Fig. 14. Normalized productions (per installed KW-p)

Fig. 14, shows that the energy supplied to the user on a monthly basis is denoted by the brown bar. The
magenta and dark blue bar both denotes the losses of the system. Therefore, from the graph we can find
the average value over a year is:

Energy supplied to the user Y = 2.29 KW-h/ KW-p / day

Total system loss = (collection loss + unused energy + System losses)
=(0.91+1.22+0.04)
=2.17 KW-h/ KW-p/ day
Y,. = (Total system loss + Energy supplied to the user)
=2.174+2.29 = 4.46 KW-h/ KW-p / day

From this we can calculate the average performance ratio:

Energy supplied to the user Y 2.29
9y SUPP =t=7-=0514
.

Average yearly Performance ratio = =
Y, 4.46

Therefore, the average yearly performance ratio of the system is = 51.4%

Figure 14 is a column chart that illustrates the Normalized Energy production in per installed KW-p,
for every month of a year. In January, the Normalized Energy production is 4kWh which slowly rises
to 4.5 in February. In March it peaks at 5.5kWh then slowly decreasing in the next coming two months.
From May to June, there is a sudden drop from 5 to less than 4kWh and then in July it further falls down
to 3.5kWh at its lowest. This is due to the sky staying mostly cloudy during the monsoon season at that
period. Later, from August till November, the Normalized Energy production elevates and remains
steady at around 4.5kWp and then again falling down to 3.9KWp in December when it is foggy in
winter season. In conclusion, we can say that the yearly Normalized Energy production remains in the
range of 3.5 to 5.5kWp. Also from the column chart, the average yearly energy supplied to the user is
2.29 kWh/kWp/day, system and battery charging loss is 0.04 kWh/kWp/day, PV-array loss is 1.22
kWh/kWp/day and unused energy is 0.91 kWh/kWp/day.
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Fig. 15. Monthly performance ratio

Figure 15 illustrates a column chart which represents the monthly performance ratio PR of twelve
months of a year. The green bar represents the Solar Fraction SF which remains constant at performance
value of 1.0 throughout the year. The maroon bars are the average yearly performance ratio PR that
changes with different months. The average yearly performance ratio of this system is roughly around
51.4%. Generally, the performance ratio is the ratio of energy supplied to the user to the total energy
loss and energy supplied to user. From the above graph, the Solar Fraction (SF) rests at 1.0 where the
performance ratio increases or decreases according to the time of the year. In the beginning of the year,
in January, the performance ratio starts off approximately around 0.56. This value of performance ratio
is assumed to be a moderate value. A slight decline is visible in next month of the year. The performance
ratio declines to 0.48 in February. Moving on, a further fall in the performance ratio is observed in the
month of March. The lowest value of performance ratio can be seen in the month of March which is
0.42 over the whole year. In the following month, April, a slight inclination can be seen in the
performance ratio. A further more inclination in the performance ratio can also be observed in the next
month following April. Respectively, the value of performance ratio in the months of April and May
are 0.44 and 0.46. Sudden, rise in the performance ratio is visible in the months of June and July. In the
month of June, the performance ratio climbs to 0.58 and a performance ratio of 0.62 is recorded in July.
A highest performance ratio is recorded in the month of July. As it is visible from the graph, the
performance ratio is highest for July comparing to any other months of the year. Gradually, the
performance ratio drops down to 0.52 in the month of August and September. Over the period of these
two months, the performance ratio stands at 0.52. In October, again a prone to inclination in the value
of performance ratio is noticeable. Additionally, the value of performance ratio noticed in the month of
October is 0.54. Furthermore, a modest shrink in the performance ratio is noted in the month of
November where the performance ratio is 0.52. Finally, in the last month of the year, December, the
performance ratio hits 0.60 where we can observe a sharp inclination from 0.52 from previous month.
A number of fluctuations can be observed from the above performance ratio graph. Initially, the graph
starts at 0.56 from the month of January, then it starts to decline until the March. However, it starts to
rise again from May to July. There is no fluctuation noticed in August and September. In spite of these
frequent fluctuations, the performance ratio stays in a range from 0.42 to 0.62. Approaching to the later
part of the year, a maximum value of 0.60 is recorded in December. The highest performance ratio is
taken in the month of July which is 0.62. In comparison to other months of the year, July gives the
maximum performance ratio for this system. On the other hand, the lowest performance ratio recorded
was in the month of March which is 0.42. In the final analysis, it is visible that fluctuations in the
performance ratio are very marginal and don’t have any drastic changes.
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Fig. 16. Loss diagram of standalone system [Sankey diagram] with fixed axis tilt

From Fig. 16, the Sankey diagram illustrates the input and output energy of our PV system, taking in
all the different kinds of loss within the system. The global irradiation at our location where the PV
system is installed is 1534 KW-h/m?. This irradiance will be incident into panels will area 7 m2. So,
the total energy that will fall on the panel is 1534x7 kWh. After considering all the loss factors, such
as near shadings loss and irradiance loss which stands at 1.52% combinedly. Consequently, the global
incident in coll. plane is 5.9%, thus, the energy that will be generated by the PV panels is 2203KW-h.
The efficiency of the system is 19.25%. Again, considering all the loss factors due to irradiance level is
roughly around 0.21% where due to temperature is 8.64%. Furthermore, the module quality loss stands
at 0.37%, along miss match loss 2.60% and ohmic wiring loss, the loss percentages are 2.60% and
3.27% respectively. Moreover, the unused energy percentage reported at 28.05% and loss due to MPP
running recorded is 13.01%. Therefore, the effective energy at the output of the array battery storage is
1187 KW-h. Out of that energy 51.6% is being used directly by the user and 48.4% is being stored.
However, there are some other loss factors as well which mainly includes battery losses. Now
considering other battery loss like the battery efficiency loss (0.45%), current efficiency loss (0.33%),
electrolyte dissociation (0.88%), battery self-discharge current (0.38%), the final energy that the user
receives (load) is 1168 KW-h. Therefore, with just efficiency at 19.25%, the energy supplied to the user
is 1168KW-h so an increase in efficiency will boost up the energy production of the system.
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4.2.1 Design 2
The site planning of design approach 2 is illustrated in Fig. 17.

: Zenith
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Fig. 17. Perspective of PV-field and surrounding shading scene

Here, we have chosen a design of PV array in a 2-by-2 array and we have considered mutual shading
of the bifacial panels.

6 8 10 12 14 16

Fig. 18. Mutual shading-tilt type fixed axis of 23 degrees
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Fig. 18. depicts, mutual shading scene, the shading limit angle is 8.7 degrees and the ground coverage

ratio = 0.29.

TABLE VIL

OPERATION PARAMETERS, SHED PARAMETERS AND ELECTRICAL EFFECTS OF DESIGN 2

Operation parameters

Shed parameters

Electrical effect

Plane tilt =22.8 degrees
Azimuth =0.0
Number of sheds = 2

Pitch = 7Tm

Column Band width = 2m
Top inactive band = 0.02m
Bottom inactive band = 0.02m

Ground coverage ratio = 28.6%

Number of modules in width = 2
Module row width = 1m
Width of one PV cell = 15.6cm

Shed tilt optimization At Mohakhali, Array Orientation = 0°
2 sheds, Coll. Width = 2.0m, Inactive band = 0.0m, Constant

limit angle=8.7"

Pure transposition
(only one plane)

Shading loss = 0.65

Irradiance with mutual

3 1.10 - = z:;:sitl:\gnst limit angle = 8.7°)
g; E 105 ° . ° With electrical shading
é E Tilt 10 Tilt 30 - eff;czt ftor. cell.= 1§;16t;m
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siglool\ e X g
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Fig. 19. Optimization of mutual shading

This graphical Fig. 19, is about the optimization of mutual shading of proposed solar PV system. From
simulation result we got, array orientation for shed tilt optimization at Mohakhali is 0° for 2 sheds,
column width is 2m and constant limit angle is 8.7°. This graph relates the annual irradiance with respect
to horizontal and shades plane tilt angle. Column per ground area has also been indicated in this graph.
Column band width is the width of the modules regardless of angle. We can see that column per ground
area changes due to the variation of tilt angle. Here, green curve is for pure transposition of one plane
and orange curve is for the case of electrical shading effect for cell. At first, for one plane transposition
annual irradiance value starts to increase very slowly for tilting the shades plane 0° to 23°. We got the
optimal tilt angle approximately 23° which is shown in the graph. However, when tilting angle increases
more than 23°, the annual irradiance value for one plane transposition falls gradually. In the contrary,
annual irradiance value also rises gradually from 1 W/m2, for the case of 15.6 cm and 2s strings in
width-based shaded planes with electrical shading effect. Approximately by tilting 18°, we get the
highest annual irradiance value, 1.075 W/m2 and after increasing tilting angle more and more only
decrease the value. Moreover, we can observe the column per ground area has been fluctuated from
63.1% to 46.6% after tilting planes 5° to 10°. This column per ground area drops when the tilting angle
increases more. By tilting 20°, 30° and 40° we can see this column per ground area value decreases
31.1%, 23.9% and 19.9% respectively. Lastly, from this graph we can see the irradiance with natural
shadings for constant limit angle 8.7°, denoted by violet line. Therefore, the gap between two curves
indicates the shading loss and this shading loss value, 0.65 is quite low.
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Fig. 20. Mutual shading factor

This graph in Fig. 20, shows the electrical and linear effect measurement percentages over sun height
(profile angle). Here, the black line and the orange line indicate linear effect and electrical effect
measurement respectively and this measured data are scaled to 100%. Firstly, electrical effect slightly
increases till sun profile is angle at 3°. Tilting the angle from 3° to 3.8°, there causes a sudden decrease
of the percentage value from 0.52 to 0.3. At sun profile angle 3.8°, the percentage value of electrical
effect again rises from 0.3 to 0.35. Another rapid decrease in percentage value is observed when the sun
profile angle tilts from 7.5° to 8.8°. On the other hand, linear effect remains steady at first and after
tilting the sun profile angle slightly, a sudden fall of percentage value from 0.5 to 0.4 is observed.
Furthermore, tilting sun profile angle only causes gradually drop of the percentage value. Therefore,
this graph mainly explains the relationship between electrical effects and linear effects.

Shed Mutual Shading at Mahakhali, (Lat. 23.7806° N, long. 90.4071° E, alt. 24 m) - Legal Time

}une I
May and 23 July

Sun height [°]

Azimuth []

Fig. 21. Iso-shedding diagram
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Fig. 21, illustrates the iso-shedding diagram that before 6:30 am and after 6:30pm the panels are slightly
behind shadows.

TABLE VIIIL. DAILY IRRADIANCE ON GROUND AND SKY

Irradiance on ground Daily irradiations for clear sky
Beam clear sky = 4.6 KW-h/ m?
Profile angle = 0.0 degrees Diffuse clear sky = 2.5 KW-h/ m?
Diffuse fraction on ground = 71.4% Beam fraction on ground = 74.6%
Global fraction on ground =0 Diffuse fraction on ground = 71.4%
Global fraction on ground = 73.5%

ﬁ Global sky irradiance |

_— - 4 Diffuse sKky irradiance |

_| Global on ground |
1200 | ﬁ Diffuse on ground |

Irridance [W/m?|

4 8 12 16 20
Hour of day 21/06/22

Fig. 22. Hourly irradiance [mutual shading]

Fig.22. is the graphical representation of hourly irradiance of our proposed bifacial solar PV system.
This graph mainly shows the solar irradiance rate over different hours of a day for four cases. Irradiance
of the solar radiation incident on horizontal surfaces is called Global horizontal irradiance. It actually
consists of diffuse irradiance and ground-reflected radiation. Diffuse irradiation is the amount of
sunlight (integrated over time) falling on the surface of the earth, which is scattered by air molecules or
atmospheric particles. From this graph, we can see that hourly irradiance rate gradually increases from
6 AM to 12 PM and after 12 PM to 6 PM this rate decreases steadily. At 12 PM solar irradiance rate is
highest in all four cases. Here, Blue line denotes the global sky irradiance which is the outer curve of
this graph. At 12 PM when the sun is directly overhead, the global sky irradiance value is the highest,
1000W/m?. The diffuse sky irradiance rate is quite lower than the global sky irradiance rate. In case of
diffuse sky irradiance, 400 W/m? is the highest value at 12 PM which is denoted by the dotted line. On
the other hand, global on ground is another irradiance rate which is shown by the orange curve. From 6
AM the irradiance rate increases till 12 PM and at that time the highest value of this curve is 800 W/m?,
after this irradiance rate slowly drops. Lastly, the lower irradiance curve is for diffuse on ground which
is indicated by the brown line. Around 200 W/m? is the peak value of this curve at 12 PM and compare
to other irradiance curve this is the lowest value. In conclusion, this irradiance vs time graph gives a
clear idea of distribution of power of specific area.
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» Main results

TABLE IX. SYSTEM PRODUCTION AND ECONOMIC EVALUATION OF DESIGN 2

System production Economic evaluation
Total investment = 122228 Tk

Produced energy = 1959 KW-h/ year
Specific = 87.3 Tk/ W-p

Used energy = 1171 KW-h/ year The battery life time
Annuities = 2892 Tk will be
Specific production = 1400 KW-h/ KW-p/ approximately 10
years for the system
year Run costs = 2282 Tk design.
Performance ratio = 82.76% Payback period = 6.1 years

Energy cost =7 Tk/ KW-h

The produced energy of design approach two is 1959 KW-h per year. Out of that, the used energy is
1171 KW-h/year. At the same time, the specific production lies at 1400KW-h/KW-p/year. Furthermore,
the performance ratio rises to 82.76%. With an economic valuation, how cost-effective the design
approach will be known. The total investment stands at Tk.122228 where energy per KW-h costs at
Tk.7. The payback period is 6.1 years. Finally, the battery lifetime is approximately 10 years to last for.

7 T T T T T T T T T T
i Lc: Collection Loss (PV-array losses) 0.43 kWh/kWp/day )
6 Ls: System Loss (inverter, ...) 0.34 kWh/kWp/day a
B Yf. Baagkiced useful energy (inverter output) 3.67 kWh/kWp/day =
5 =

Normalized Energy [kWh/kWp/day|

Jan Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dec

Fig. 23. Normalized productions (per installed KW-p)

Here Fig. 23, illustrates that the energy supplied to the user on a monthly basis is denoted by the brown
bar. The magenta and dark blue bar both denotes the losses of the system. Therefore, from the graph we
can find the average value over a year is:

Produced useful energy Y = 3.67 KW-h/ KW-p / day

Total system loss = (collection loss + System losses)
=(0.43+.34)
=0.77 KW-h/ KW-p/ day

Y,. = (Total system loss + Energy supplied to the user)
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= 0.77+3.67 = 4.44 KW-b/ KW-p / day

From this we can calculate the average performance ratio:

Energy supplied to the user Y 3.67
97 SLPP =L =>""=082655

Avera arly Performance ratio =
verage yearly Perfo ce ratio Y. Y, = 242

Therefore, the average yearly performance ratio of the system is = 82.76%

Figure 23 is a column chart which demonstrates the Normalized Energy Production of design 2, in kWh
per installed kWp per day, for every month of a year. The column chart has three colors, brown which
denotes the useful energy output from the inverter, blue which describes the collection losses from PV
arrays and magenta which is the system loss, in inverter and other components. The system loss remains
constant at 0.34kWh/kWp/day throughout the year as shown in the chart. The average collection loss
and produced useful energy is 0.43kWh/kWp/day and 3.67kWh/kWp/day respectively. However,
throughout the year, these values fluctuate. From January, the value of collection loss rises from
0.20kWh/kWp/day to peak at 0.65kWh/kWp/day on March. This then gradually decreases to
0.60kWh/kWp/day and 0.50kWh/kWp/day in the next two months consecutively. In June the value
reaches 0.30kWh/kWp/day and then further falls to 0.25kWh/kWp/day in July. The collection loss
recorded in August is at around 0.40kWh and stays steady at this number for the following four months
till November, and then again falls to 0.20kWh/kWp/day in December. Produced useful energy follows
a similar pattern in the chart. At first, in January, the useful energy values is 3.5kWh/kWp/day, rises to
4.5kWh/kWp/day in March and then gradually decreases to 4.25kWh/kWp/day and 4.00kWh/kWp/day
in April and May respectively. In June, the values plummet to 3.20 kWh/kWp/day and further go down
to 3.00kWh/kWp/day in July. August, September, October and November the useful energy recorded
in theses months is around 3.5kWh/kWp/day and finally in December it falls again to 3.20
kWh/kWp/day

12 ! T T T T T T T T T T
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Fig. 24. Monthly performance ratio

Figure 24 illustrates a bar chart which describes the Performance Ratio PR of design 2 for all the months
in a year. From above, the total system loss (0.77kW-h/ KW-p/ day) and Yr (4.44 KW-h/ KW-p / day)
of design 2 is calculated and using them, the average performance ratio is found to be 82.76%. From
the Monthly Performance ratio chart, the Average Performance ratio is 0.828 or 82.8%. This value is
very close to the calculated value, with insignificant difference. Since, it can be said that the two values
match, this further validates the calculated value.
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Fig. 25. Loss diagram of hybrid system [Sankey diagram] with mutual shading

Here, from Fig. 25, the Sankey diagram we can see that global irradiation at our location where the PV
system is installed is 1534 KW-h/m”"2. After considering all the loss factors the energy that will be
generated by the PV panels is 2364 KW-h again considering all the loss factors due to temperature,
module quality loss, ohmic wiring loss etc. the effective energy at the input of the inverter is 2052 KW-
h, after that some inverter losses occur and then at the output of the inverter the energy received is 1970
out of this energy 73.3% is in direct use and 26.7% is stored. The grid consumption from this design
approach is 0.9% which eventually leads to 9 kW-h coming from the grid to the user and 1162 KW-h
is injected to the user from the PV system, furthermore, 714 KW-h is being reinjected to the grid from
the PV system.
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4.2.2 Design 3
The site planning of design approach 2 is illustrated in Fig. 26.
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Fig. 26. Perspective of PV-field and surrounding shading scene

Here, we have used tracking horizontal axis, N-S. Also, in this design approach we have chosen two
horizontal trackers and the setup for the PV plane is two array of PV table with 2-by-1 array.\

Rotating phi limits -60°/60° Azimuth 0
West East West oot
ﬁ L N B ] _
Facing Axis azimuth = 0° South

Fig. 27. Horizontal tracking system and tracking angle limits

31



Fig. 27 illustrates the setup for single axis tracking system for design 3 and rotating angle is form -
60°/60° for the bifacial PV panels that shall be mounted.

TABLE X. OPERATION, TRACKER AND GROUND PARAMETERS; DAILY IRRADIANCE ON GROUND AND SKY
Operation Trackers and ground . Daily irradiations for clear
Irradiance on ground
parameters parameter sky
Beam clear sky = 4.6 KW-
. h//m?
Pitch = 5m

Diffuse clear sky = 2.5KW-

Axis azimuth = 0 Shed total width = 2.1m W fm2

Phi angle (without limits) =

Phi min = -60 PrOﬁlZ angle =-90 0.1 degrees Beam fraction on ground =
degrees cgrees 47.5%
Beam clear sky = 644 W/m? )
Phi max = 60 Height above ground = Global fraction on ground = Diffuse fraction on ground
2.1m 72.8% _
degrees =58.5%

Ground albedo = 0.25 Global fraction on ground =

53.5%

In this design, we have calculated Axis azimuth and maximum-minimum Phi angle as Operational
parameters. Axis azimuth is 0 and Phi angle is maximum 60° to minimum -60°. For Trackers and ground
parameters, our calculated pith value is Sm and total shed width is 2.1m. Moreover, for -90° profile
angle and 2.1m distance between tracker and ground, ground albedo value is 0.25. From simulation
results we got, without limits the Phi angle is 0.1° in case of irradiance on ground. Irradiance for beams
in clear sky is 644 W/m2. Besides, the Global fraction on ground has been measured about 72.8%. On
the other hand, the daily irradiations have also simulated through software. Beam clear sky is 4.6
KWh/m2 and Diffuse clear sky irradiance is 2.5KWh/ /m2 we found from simulation. Furthermore,
Beam fraction on ground, Diffuse fraction on ground and Global fraction on ground are also included
in Daily irradiations parameters calculation. According to simulation, Beam fraction on ground
irradiance is about 47.5% and Diffuse fraction on ground is about 58.5% whereas Global fraction on
ground has been calculated around 53.5%.

Beam and diffuse on ground
Phi angle = —20.0°
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Distance at ground level [m]

Fig. 28. Distance to panel above planted surface
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Fig.28 gives an idea about the distance to panel above planted surface in a graphical method. Besides,
this graph shows a relation between the beam directly falling on the surface and diffused sunlight on
ground or reflected sunlight from the ground. From our simulation result, we found the phi angle
(reflected sunlight angle) to be approximately -20°. This graph is characterized by the panel distance
from ground (panel height from ground) against the panel distance at ground level. However, distance
between two adjacent panels is 3m. Moreover, this graph is showing the incident and reflected sun
beams between two side-by-side panels at a height of 2 meters from ground. Since we are proposing
Bifacial PV solar system, front side cells will collect sunlight directly from the sun whereas rear side
cells will collect from scattered and diffused reflected sunlight from the ground and surroundings.
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Fig. 29. Hourly irradiance [single axis tracking]

Fig.29 is the graphical representation of hourly irradiance rate after using single axis tracking system.
Single axis tracking system has been used to tack the sun’s position. Moreover, under bright, sunny
situations with the longest direct solar irradiance period, single axis tracking system was found to be
highly efficient. The primary focus of this graph is the sun irradiance rate for four scenarios throughout
different hours of the day. The blue curve represents the trend of global sky irradiation. Between 6 AM
and 11 AM, the irradiation rate progressively increases. At around 11 AM its irradiance rate reaches a
maximum value of 900 W/m?. Irradiance rate declines slowly from 11 AM to 6PM. The dotted line
shows that the diffuse sky irradiance starts to dramatically increase between 6 AM and 11 AM. As in
the chart above, the irradiance rate steadily decreases after 11 AM, reaching a maximum of 300 W/m2
at 11 AM. Consequently, the orange curve depicts the global on-ground irradiance rate and its irradiance
value increases from approximately 8 AM to 11 AM. At 11 AM, the irradiance rate reaches its peak
value, which is 800 W/m2. Henceforth, a decrease in irradiance value occurs with increased time.
Lastly, the lower irradiance curve is for diffuse on ground which is indicated by the brown line. At 11
AM, this curve reaches at the highest irradiance value of approximately 200 W/m2, which is the lowest
compared to other irradiance curves. In conclusion, single axis tracking system tracks the direct solar
ray exposure; this causes generating more energy and increases the efficiency of solar PV system.
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Fig. 30. Iso-shedding diagram

Here, from Fig. 30, we can see from the iso-shedding diagram that before 7:30am and after 6:30pm the
panels are slightly behind shadows. Attenuation for diffuse 0.008 and albedo for the site for this design

is 0.

» Main results

TABLE XI.

SYSTEM PRODUCTION AND ECONOMIC EVALUATION OF DESIGN 3

System production

Economic evaluation

Produced energy = 2180 KW-h/
year

Used energy = 1171 KW-h/ year

Specific production = 1557 KW-
h/ KW-p/ year

Performance ratio = 82.27%

Total investment =
131963 Tk

Specific = 94 Tk/ W-p

Annuities = 3087 Tk
nnuities The battery life time will be approximately 10

years for the system design.

Run costs = 2373 Tk

Payback period = 6
years

Energy cost = 6 Tk/
KW-h

The produced energy of design approach three is 2180 KW-h per year. Out of that, the used energy is

1171 KW-h/year. At the same

time, the specific production lies at 1557 KW-h/KW-p/year.

Furthermore, the performance ratio rises to 82.27%. With an economic valuation, how cost-effective
the design approach will be known. The total investment stands at Tk.131963 where energy per KW-h
costs at Tk.6. The payback period is 6 years. Finally, the battery lifetime is approximately 10 years to

last for.
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Fig. 31. Normalized productions (per installed KW-p)

Here we can see from the graph that the energy supplied to the user on a monthly basis is denoted by
the brown bar. The magenta and dark blue bar both denotes the losses of the system. Therefore, from
the graph we can find the average value over a year is:

Produced useful energy Yy = 4.11 KW-h/ KW-p / day

Total system loss = (collection loss + System losses)
= (0.54+.35)
=0.89 KW-h/ KW-p/ day

Y,. = (Total system loss + Energy supplied to the user)
= 0.89+4.11 =5 KW-h/ KW-p / day

From this we can calculate the average performance ratio:

Average yearly Performance ratio = =

Energy supplied to theuser _ Yy 411 _ 0.8222
Y, Y, 5

Therefore, the average yearly performance ratio of the system is = 82.22%

Figure 31 is a column chart which describes the Normalized Energy Production of design 3, in kWh per
installed kWp per day, for every month of a year. The system loss remains constant at
0.35kWh/kWp/day throughout the year as shown in the chart. The average collection loss and produced
useful energy is 0.54kWh/kWp/day and 4.11kWh/kWp/day respectively. These values fluctuate. From
January, the value of collection loss rises from 0.25kWh/kWp/day to peak at 0.70kWh/kWp/day on
March. The values are 0.65kWh/kWp/day and 0.60kWh/kWp/day in the next two months
consecutively. In June the value reaches 0.40kWh/kWp/day and then further falls to 0.35kWh/kWp/day
in July. The collection loss recorded in August is at around 0.55kWh and stays steady at this number in
September also. In October and November this number is around 0.35kWh/kWp/day and in December
it falls back to 0.25kWh/kWp/day. Produced useful energy follows a similar pattern in the chart. At
first, in January, the useful energy values is 3.5kWh/kWp/day, increases to 5.0kWh/kWp/day in April.
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In June, the number declines to 3.70 kWh/kWp/day and further go down to 3.50kWh/kWp/day in July.
In August and September, it is around 4.25kWh/kWp/day, decreases to 3.75kWh/kWp/day October and
November, later falls to 3.25kWh/kWp/day in the month of December.

1.2 ! T T T T T T T T T T
19 - PR: Performance Ratio (Yf/ Yr): 0.823
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Fig. 32. Performance ratio

Figure 32 illustrates a bar chart which shows the Performance Ratio (PR) for design 3 for all the months
in a year. The average yearly performance ratio of third design approach system is roughly around
0.823. Generally, the performance ratio is the ratio of energy supplied to the user to the total energy
loss and energy supplied to user. From above, the total system loss (0.89kW-h/ KW-p/ day) and Yr
(5.00KW-h/ KW-p / day) of design 3 is evaluated and using them, the average performance ratio is
found to be 82.22%. In the beginning of the year, in January, the performance ratio starts off
approximately around 0.84. This value of performance ratio is assumed to be a moderate value. A slight
decline is visible in next month of the year. The performance ratio declines to 0.83 in February. Moving
on, a further fall in the performance ratio is observed in the month of March. The value of performance
ratio can be seen in the month of March is 0.82. In the following month, April, no changes can be seen
in the performance ratio. Again, an inclination in the performance ratio can also be observed in the next
month following April. Respectively, the value of performance ratio in the months of May and June are
0.825 and 0.824. Suddenly, a slight decline in the performance ratio is visible in the months of July and
August. In the month of July, the performance ratio slides to 0.82 and the performance ratio recorded
in August is also 0.82. Gradually, the performance ratio drops down to 0.81 in the month of September
and again rises in October. Over the period of these two months, the performance ratio stands at 0.81
and 0.83 respectively. In November, again a prone to declination in the value of performance ratio is
noticeable. Furthermore, a modest shrink in the performance ratio is noted in the month of November
where the performance ratio is 0.82. Finally, in the last month of the year, December, the performance
ratio hits 0.83 again. A number of fluctuations can be observed from the above performance ratio graph.
Initially, the graph starts at 0.84 from the month of January, then it starts to decline until the March.
However, it starts to rise again from May to July. There is no fluctuation noticed in March and April
and also May and June. In spite of these frequent fluctuations, the performance ratio stays in a range
from 0.81 to 0.84. Starting the first part of the year, a maximum value of 0.84 is recorded in January.
In comparison to other months of the year, January gives the maximum performance ratio for this
system. On the other hand, the lowest performance ratio recorded was in the month of September which
is 0.81. In the final analysis, it is visible that fluctuations in the performance ratio are very marginal and
do not have any drastic changes.
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Fig. 33. Loss diagram of hybrid system [Sankey diagram] with single axis tracking

Here, Fig. 33, illustrates the Sankey diagram, we can see that global irradiation at our location where
the PV system is installed is 1534 KW-h/m”"2. After considering all the loss factors and the efficiency
of the PV panels, the energy that will be generated by the PV panels is 2631 KW-h again considering
all the loss factors due to temperature, module quality loss, ohmic wiring loss etc. The effective energy
at the input of the inverter is 2280 KW-h. Again, taking all the inverter losses that occurs, then at the
output of the inverter the energy received is 2191 KW-h, out of this energy 76.1% is in direct use and
23.9% is stored in the battery bank. Here 9 kW-h is coming from the grid to the user and 1162 KW-h
is injected to the user from the PV system, 939 KW-h is being reinjected to the grid from the PV system.
To conclude, this Sankey diagram proves that design 3 produces and send to the grid more energy than
design 1 and design 2.
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4.3 Identify optimal design approach

4.3.1 Comparing the multiple design approaches

TABLE XII. COMPARISON OF THE THREE DESIGN APPROACHES

Designl Design2 Design3
Results overview

Results overview

Results overview Produced energy = 1959 KW-h/
year Produced energy = 2180 KW-h/year
System production =
1650KW-h/year Used energy = 1171 KW-h/ year Used energy = 1171 KW-h/ year
Used energy = 1168KW-h/ From the Sankey diagram, we can | From the Sankey diagram, we can see
year see that, 1162 KW-h energy is that, 1162 KW-h energy is being used
being used by the user out of which | by the user and out of which 23.9% is
The output energy of the 26.7% is stored. being stored.
Sankey diagram after
considering all the losses = 714KW-h energy is being injected | 939 KW-h energy is being injected to
1168 KW-h to the grid the grid

9KW-h is being drawn from the 9K W-h is being drawn from the grid
grid

By this comparison in Table XIL, we can clearly observe that design 2 and 3 are far superior than design
1 and among design 2 and design 3, the last design which is design 3 is much more optimized compared
to the other two design. As we can verify that design 3 which is a hybrid system with bifacial PV
modules being used as the solar panels, we can now compare our optimized design which is the third
design to a mono-facial PV panel with tracker hybrid system just show how efficient and optimized
design 3 is compared to the nowadays used mono-facial PV panel-based system.

4.3.2 Comparison with Mono-facial and Bifacial hybrid system

If we simulate the mono-facial PV panel-based hybrid system we can get every aspect of the
general mono-facial PV panel-based hybrid systems data. Some of the important data that we can get
for this are:

System production = 2070 KW-h/ year
Used energy = 1168KW-H/ year
Performance ratio = 77.04%

Normalized productions (per installed kWp) Performance Ratio PR
8 T T T T T T T T T T T 12 T T T T T T T T T T T
7 Lc: Collection Loss (PV-array losses) 0.82 kWh/kWp/day 11 - PR: Performance Ratio (Yf/Yr) : 0.770
i Ls: System Loss (inverter, ...) 0.34 KWh/kWp/day ]
i ¥t rgy (inverter output) 3.89 KWh/kWp/day

=

nergy [KWhkWp/day)

Performance Ratio PR

0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec OOJan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Fig. 34. Mono-facial PV panel-based hybrid system’s data

Figure 34 is an illustration of two bar charts representing the monthly Normalized productions (per
installed kWp) and Performance Ratio of the hybrid system based upon Mono-facial PV panel in a year.
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From the first chart, it can be observed that the average system loss is 0.34kWh/kWp/day and the
average production useful energy of the whole year is 3.89kWh/kWp/day although in every month, the
useful energy changes drastically. The useful energy which are denoted by the brown bars, follows a
similar trend like the Bifacial PV panel-based hybrid system with the only differences are that the height
or the values at each month are smaller. The average collection loss of the 12 months records at
0.82kWh/kWp/day which is very high, almost double of the Bifacial PV panel-based hybrid system that
we determined earlier. In the month of March, April and May, the collection loss is as high as
1kWh/kWp/day. From June to November, this value stands in the range of around 0.60 to
0.80kWh/kWp/day and in January, February and December the loss value is around 0.5kWh/kWp/day
The average Performance Ratio stands at 0.770 or 77% which is almost same as the Performance Ratio
of 77.04% stated above the charts, indicating that both the values are correct and validates each other.
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-1.00%
-3.00%
1752 kWh/m? * 7 m* coll.
efficiency at STC = 19,42%
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+0,50%
-2.50%
-1.00%
-0.95%
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Fig. 35. Sankey diagram of Mono-facial PV panel-based Hybrid system
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From Fig. 35, the Sankey diagram illustrates the input and output energy of our PV system, taking in
all the different kinds of loss within the system. The global irradiation at our location where the PV
system is installed is 1534 KW-h/m”2. This irradiance will be incident into panels will area 7 m2. So,
the total energy that will fall on the panel is 1534x7 kWh. After considering all the loss factors, such
as near shadings loss and irradiance loss which stands at 0.99% combinedly. Consequently, the global
incident in coll. plane is 20.2%, thus, the energy that will be generated by the PV panels is 2479KW-h.
The efficiency of the system is 19.42%. Again, considering all the loss factors due to irradiance level is
roughly around 0.40% where due to temperature is 8.82%. Furthermore, the module quality loss stands
at 0.50%, along miss match loss and ohmic wiring loss, the loss percentages are 1.00% and 0.95%
respectively. Moreover, loss due to MPP running recorded is 3.79%. Therefore, the effective energy at
the output of the array battery storage is 2081 KW-h. Out of that energy, 74.2% is being used directly
by the user and 25.8% is being stored. However, there are some other loss factors as well which mainly
includes battery losses. Now considering other battery loss like the battery charger loss (1.32%),
inverter loss (1.42%), battery global loss (1.20%), the final energy that the user receives (load) is 1158
KW-h, 830 KW-h to grid and 10 KW-h from grid to user.

TABLE XIII. COMPARISON OF MONO-FACIAL AND BIFACIAL BASED HYBRID SYSTEM

Mono-facial PV panel-based hybrid system yearly

Bifacial PV panel-based hybrid system yearly basis

basis

Results overview
Produced energy = 2180 KW-h/year
Used energy = 1171 KW-h/ year
Performance ratio = 82%
From the Sankey diagram, we can see that, 1162 KW-
h energy is being used by the user and out of which

23.9% is being stored.

939 KW-h energy is being injected to the grid

9 KW-h is being drawn from the grid

Results overview
Produced energy = 2070 KW-h/ year
Used energy = 1168 KW-h/year
Performance ratio = 77%

From the Sankey diagram we can see that, 1158
KW-h energy is being used by the user out of which
25.8% is being stored.

830 KW-h energy is being injected to the grid

10 KW-h is being drawn from the grid

We know that if a plant has a performance ratio less than 75% then it’s not a good plant. But here both
the system has a higher performance ratio than an average plant but we can clearly see from Table XIIL,
that the Hybrid system with Bifacial PV panel-system is much more optimized and beneficial according
to the data we have provided.

4.4 Performance evaluation of developed solution

4.4.1 System Validation of the developed solution

Since we have validated that design 3 is the best approach among all the design’s now, we will
simulate design 3’s some aspects that can be simulated using Simulink. Here, we have set a constant
value for controlling the system. Continuous powergui block uses variable step solver method in
Simulink. However, we have drawn an embedded PV system from which irradiance and output voltage
will be provided.

Fig. 36 depicts, ac voltage source and output voltage are connected to a sensor. Output of this sensor
is connected to both grid and home appliances. Lastly, to show and compare the graphs we have added
a scope. In MATLAB Simulink we tried to design an optimized PV system design. We also have
collected data based on this Simulink design.
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Fig. 36. Over all Simulink Diagram PV system

In this Fig. 36, we can see the ac voltage source is providing grid voltage if needed and the PV system
is mainly providing voltage to the home and grid connected at the far-right sight of the Fig. 36.
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Fig. 37. PV system setup

In Fig. 37, we can see that DC link capacitor has been added in order to minimize the ripples of the
voltage signal that is being generated by the PV panel setup. We have designed the PV panel in such a
way that it can match the bifacial PV panel’s criteria’s [the model and the system design we have
mentioned in the Design 3’s specification of PV module]. Also, we have used stray capacitances so that
the parasitic capacitances of the PV modules get dispatched.
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Fig. 38. Irradiance pattern

Irradiance pattern illustrated in Fig.38 is chosen for simulation and a fixed 25 degrees of temperature is
being fed into the PV modules block in the simulation environment. Fig.38, is a simulated graphical
representation of irradiance changes over different period of a day (scaled). This black line indicates
the PV system irradiance rate. Different period of a day has been scaled in this graph to measure and
show the fluctuation rate precisely. X- axis denotes the scaled day period and Y- axis denotes the
irradiance values. We can observe an increase and decrease in the values of irradiance over scaled time.
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This graph shows an increased irradiance rate about 250 W//m? at the first day period. This value
remains stable for a long time after the increase. Around 0.375 to 0.6, the irradiance value again
increases steeply from 250 W//m? to 1500 W//m?. After reaching at 1500 W/m2, the irradiance rate
again stays constant for a short period. Since then, the irradiance value does not increase any more but
is seen to decrease gradually. A sudden drop-in irradiance rate is observed at around 0.7 to 0.875 and
at 750 W//m? this value stays unchanged. Furthermore, irradiance rate decreases slightly and reaches
at 500 W//m?2. Again, irradiance rate stays constant and then declines at 100 W/m?. Lastly, irradiance
rate value gradually decreases to zero.
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Fig. 39. Block diagrams under Solar Panel system block in Simulink

In this Fig. 39, we can see all the components that are under the block diagram of Solar Panel system.
Here we can see the battery bank, charge controller boost converter and the inverter as well. The system
functions as follows:

Input (+)

When the irradiance level is more than 700 the system will run on direct irradiance converted
into 220V voltage signal and sent to home and grid in parallel. At this time if the battery bank
capacity is less than 10 percent then the battery bank will get charged.

When the irradiance is less than 700 then the system will check if the battery bank voltage is
greater than 10 percent of its full capacity. If it is then the battery banks stored voltage will be
fed through the boost converter and through the inverter, then from the inverter output goring
to the home and grid

| |
ATV 2
;I § k Output (+)
D2
= S0
5 i .
. Mosfetl ZE’—_H }— D1 '
45.88 ]

output (-)

foP
Input (-)

Fig. 40. Boost converter
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Here in Fig. 40, we can see the diagram of the boost converter. This boost converter boosts 40 volts to
220 volts [approximately]. Here we have used a voltage regulator in order to get a constant 220 volts at
the output of the boost converter and a resistance at the input side of the boost converter so that the
inductor does not get open circuited during the sensors signals causing the boost converter to be open
circuited.
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Fig. 41. Charge controller

In Fig. 41, we can see the charge controller is having a design of closed loop negative feedback with
the help of a buck converter. Inside a solar charge controller, a buck converter is used to step down the
voltage which eventually prevents the battery from overcharging.
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Fig. 42. Buck converter inside the charge controller

The buck converter inside the charge controller is bucking down the voltage to 12 volts constant as its
feedback controlled buck converter. In the case of buck converters, the fixed dc input signal is converted
into a different, lower value, dc signal at the output. This indicates that it is built to have an output dc
signal with a lower magnitude than the applied input. Here, a pulse is added to input voltage is connected
to the MOSFET. Pulse generator produces this pulse to control this MOSFET to buck or decrease the
voltage. Resistance, diode, capacitor, conductor is connected to MOSFET, before connecting these to
voltage regulator. Voltage regulator is used to control the voltage limit so that the system does not
damage. Moreover, a forward voltage of 0.3V is also applied to another diode to the show the output
voltage. We have also connected another input signal with another voltmeter and display to display the
input signal values. To show the graphs we have connected a scope and to compare the displayed data
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of input signal and voltage regulator produced value we have added a buck signal to the voltmeter at
voltage regulator.
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Fig. 43. Battery bank

In figure 43 we can see the designed battery bank the battery banks rating is 48volts 100Ah, and we
have designed the battery bank in such a way that when the solar irradiance is less than 700 and the
battery percentage is less than 10 percent the battery [as the battery bank consists of four 12volts battery
in series] we are charging them is parallel as the voltage generated by the solar modules are not close
to 40 volts. This low irradiance charging is happening from the solar modules, through the charge
controller and to the battery. But when the solar irradiance can produce 40V and battery percentage is
less than 10 percent the battery bank is in series and [four 12V battery banks are in series connection
resulting is 48 volts at the output] and gets charged through the PV modules and at the battery bank at
this moment will get charged and discharged at the same time.
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Fig. 44. Inverter

Positive cycle_(+)

Here Fig. 44, is the inverter for the system. It illustrates a single-phase full bridge inverter system that
takes input voltage from PV panels as DC, converts this DC into AC and gives output as useful AC
voltage. There are four MOSFETS, Mosfet2, Mosfet3, Mosfet4, Mosfet5 in which Mosfet2 and Mosfet3
is connected to positive cycle pulse generator, turns on only for positive cycle of AC voltage and
Mosfet4 and Mosfet5 is connected to negative cycle pulse generator, which turns on only for the
negative cycle of AC voltage. The Drain of Mosfet2 and 4 are both connected to the positive terminal
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of DC input and the Drain of Mosfet3 and 5 are both connected to the negative terminal of the input.
The positive terminal of the AC output is attached to the Source of Mosfet2 and Drain of Mosfet5 and
the negative terminal of the output is attached to the Source of Mosfet4 and Drain of Mosfet5.

Now to have a clear visualization the figure below will be a comparison which will help us to visualize
how this design is providing the output voltage.
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Fig. 45. Comparison of supplied output voltage Home and Grid

Here when the pure sine wave is visible at the output voltage of home and grid it is to visualize the
condition that there is no voltage stored at the battery bank and also there is no sun irradiance available.
Also, the pulsating DC is to visualize the wave form generated by the PV system and feeding to the
home and the grid simultaneously. Here, one thing to notice is that at the time of low irradiance, the PV
module generates a bit low but approximately 215 volts stable pulsating DC, when the stored voltage
of the battery bank is being converted by the boost converter.
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Here the sine wave from the graph refers to voltage received from the grid [grid is contributing] and
pulsating dc waveform is referring to PV panel’s generated power to home and grid [when PV panel or
stored energy in the battery bank is in action]. The third graph is for different irradiance level of a day.
This graph illustrates the voltage level over a day period. From 1st fig and 2nd, we can see, blue shaded
areas are indicating voltage received from the grid. This portion’s sine curve frequency is slightly lower
compared to voltage sent to the grid and home. We can observe voltage sent to grid and home sine curve
portion is very compressed due to higher frequency. Peak to peak voltage in both cases is 400V. On the
other hand, 3rd graph the irradiance vs different period of a day. We can observe increase and decrease
in the values of irradiance over scaled time. This graph shows an increased irradiance rate about 250
W/m?2 at the first day period. This value remains stable for a long time after the increase. Around 0.375
to 0.6, the irradiance value again increases steeply from 250 W/m2 to 1500 W/m2. After reaching at
1500 W/m2, the irradiance rate again stays constant for a short period. Since then, the irradiance value
does not increase any more but is seen to decrease gradually. A sudden drop-in irradiance rate is
observed at around 0.7 to 0.875 and at 750 W/m2 this value stays unchanged. Furthermore, irradiance
rate decreases slightly and reaches at 500 W/m?. Again, irradiance rate stays constant and then declines
at 100 W/m2. Lastly, irradiance rate value gradually decreases to zero.

4.4.2 Sun detection algorithm

We used Simulink to process a signal from the sensor and performed:
e Spectral analysis to explore the signal
e Design and build digital filters as part of a signal processing algorithm
e Performance evaluation
e C code generation that can be embedded into real time hardware

Power measurement array [sunnyDay and cloudyDay] of the location we selected to plant the system
[we took this data from weather forecast website for Mohakhali area]. The data is sampled at every 15
minutes that means we get 96 samples per day.

Sunny Day, Cloudy Day
T T T T

Sunny Day ||
00 ~Cloudy Day

400

300
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Power (W)
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1 1 1 | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

One day period [scaled]

Fig. 47. Sunny day and cloudy day power data of one year [on average from last 5 years]

Fig.47 illustrates how power production rate changes over different period of a day. Period of a day has
been scaled in this graph. Here the yellow line is for sunny day and the blue line shows that the cloudy
day produces less power and also has many short time variations as the clouds pass over the solar array.
We can use spectral analysis which helps measure the frequency content of each signal. In a sunny day,
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panels produce more power and that is why power generation rate is the highest value. This rate
gradually increases over time and decreases at a certain time. From this graph, we can observe that, at
Mohakhali area power production rate reaches up to approximately S00W in case of sunny day. In the
contrary, power does not generate early in the day and after certain time this power production rate
usually fluctuates in case of cloudy day. Power produces rate grows higher in the middle of the day.
Finally, this power production rate declines at the end of the day which is indicated in this graph.
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Fig. 48. Spectral analysis of the sunny day cloudy day power

Here, looking at the x axis is the frequency value and y axis shows us how much power is in our signal
at a given frequency although the default time unit in seconds, we are actually measuring time in days
so the x axis is not cycles per seconds or hertz’s. The RBW (resolution bandwidth) for this simulation
is 1.5Hz and sample rate is considered to be 96Hz. We see that the low frequency content is about the
same for both days but the cloudy one has way more high frequency content this is because of the short
time variation in the time domain. We can decide whether it is sunny or cloudy comparing the power
and the higher frequencies to some threshold, however the panels produce more power in the summer
and less in the winter which means the threshold would have to change throughout the year. If we
normalize the high frequency power by the power and lower frequencies, we can use a fixed threshold.
Now by computing the ratio of the total power in the top 75 %. Of the frequencies to the total power in
the bottom 25% of frequencies. By building digital filters we can separate low and high frequencies.

Ratio of total power = (top 75 %. Of the frequencies / bottom 25% of frequencies)

Low pass filter for the low frequency content and high pass filter for the high frequency content were
required. Here Chebyshev type 2 IIR filter and set the filter order to 4 ha been used. Here the low pass
filter introduces a delay of three samples and the high pass filter introduces a delay of one so some delay
blocks are need to be added to make sure that the signals are aligned. A three-hour window, has been
chosen, which is just 12 measurements to store the filters output over time.

Here, sunny test in a diagram is illustrated below. The data were taken for this test for the sum of 3
hours window time. For this short time Frequencies can be varied easily. By comparing the power and
higher frequency, we can determine whether it is sunny or cloudy. A ratio of power by comparing the
top 75% of the higher frequency with the bottom 25% of frequency has been done. To fix the threshold
this ratio has been calculated. The positive value has been taken of both these frequencies so that a
precise value is achievable.
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Fig. 49. Algorithm for sunny detection

Here we used threshold for sunny and daylight since only sunny threshold will cause false detection of
sun at night times as well.
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Fig. 50. Sunny detection

By generating code for the above system, we can deploy the code into embedded system for this case
ESP 8266 board is used. Fig.50 graphically represents the power production rate under sunny detection
condition gradually increases or decreases over a year period. Here, the blue line denotes the sunny
detection and yellow line denotes the power production rate. Power production rate actually varies on
different time of a year. Power production rate fluctuates, only when sunny detection condition is
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applicable. Approximately 450W power is the highest produced power and around 150W is the lowest
power produced over a year.

4.4.3 The tracking system
Here the physical system consists of a panel and a motor.

d*o 1 T—K deo )
ez~ J ( 4

Here in Equation 1,

T =Torque,

de .

i damping term,

K; = Gain,

] = Inertia

This is the panel’s equation of motion. We can find out how to model the equation of motion for the
solar panel rotating about its central post. Constant torque is applied to the panel. We will model the
equation in Simulink and by-Simulink blocks like integrator to get the velocity and to insert torque we
will use initially constant block it will be replaced with the motor later.
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Fig. 51. Panel equation of motion implemented in Simulink
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Fig. 52. Position scope panels velocity increasing with time with positive torque

In Fig. 52, it is illustrated that with respect to time the angular position of the panel is rising with a
positive constant torque. But if the angular torque is negative then the angular position of the panel will
decrease as shown in Fig. 53.
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Fig. 53. Position scope panels velocity decreasing with time with negative torque

Now we can make a subsystem for the panel holding all these things inside a subsystem block.

Similarly, we can build the motor equation into Simulink,

ai_1 V—-K,K a6 R 2
it 1 o¥r ¢ ~ R0
T = K K, i (€)
In Equation 2 and 3,
di

E = change in armature current

L = armature inductance

V = applied armature voltage
KrK, = gear constant

daeo
dt
R; = “electric friction” that tends to improve the stability of the motor.
T = troque

K K:i = gear constant and integartor constant multiplied with current

= damping term

@

Voltage

@ ok ol b o T o e
. idot s i

Velocity Torque

Fig. 54. Motor equation [DC motor]
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We have designed our panel and motor in Simulink for the tracking system and now we need a controller
to the correct voltage so that the panel tracks the sun. We want the panel pointing at the sun so that the
difference is the error. We will add a controller that applies a voltage to the motor to make that error as
small as possible and if the sun moves the controller will react accordingly to keep the panel pointing
at the sun.

At the design stage of the controller, we will use a unit set block as sun position data for now and then
update it later. Here we will use PID controller [proportional, derivative and integral] because the
control output is some function of the error the integral error and the derivative error. Here we need PI
controller because the D term helps response to quick changes which we do not need because the sun
moves steadily across the sky. There are two gains to adjust. One for the proportional term and another
for the integral term., these effect the controller’s response. We will set the proportional gain to 240 and
the integral gain to 180 to see how the controller performs. Generally, the position of the sun will be
detected using sensors and if the panels are not facing in the direction of the sun, they must turn to that
direction. The position of the sun and the direction at which the panels are facing will be compare. If
there is a miss match, an error in position will be send to the PI controller that will provide a voltage to
the motor. As there is input voltage, the motor will continuously to rotate and produce torque or velocity
on the frame of the panel until the error is made zero or minimized to a certain acceptable value. The
panels must rotate in that direction at which the error gets smaller. The panels always face the sun by
the help of a rotating motor. In this way, by always facing in the direction of sun, the panels could
produce maximum energy, increasing the output yield.

sun_position, position
T T T T T T
sun_position
12 [ - e = =position

0.6 - 1 -1

Controller position response to step input
(O in radian)

Time (sec)

Fig. 55. Sun position and panel position

Now since the controller is ready [although it over shoots a litter but good enough for our
implementation] we will now provide real data with supposition data, here we have 15 hours of data.
This fig.55 shows controller position response to step input over 15 hours of time period. Here, blue
line is for panel position and yellow line is for sun position. Sun position is indicating a step function
graph, where at 1st second controller position was 0 radian and this position value increases steeply to
1 radian. Reaching there, this value becomes stable till whole time. On the other hand, panel position
denoted by blue line, increases with time at first. At t=3s, peak controller position=1.2 radian is observed
in this graph. Furthermore, by the increase of time from 3s to 6s, controller position declines slowly.
From 6s to 10s we can see, this position value neither increases nor decreases, rather it become constant.
Thus, we can see the sun position and the panel position is related to each other in terms of controller
position over a certain time period.
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Fig. 56. Testing the controller with real data [sun position data]
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Fig. 58. Controller tracking the sun

From the graph we can see that the controller is tracking the sun quite efficiently. We can see that the
sun rises in the north east at about 60 digress from due north and sets in the north west at about 300
degrees. Here the blue dotted line is the panel’s position.

Power of the system is also calculated since the single axis trackers are used it is expected to have a
better performance in terms of generated power from the panel. Here 15 hours data [real world data] is
used for sun elevation and sun position and being inserted in the designed control system for the tracker.
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Fig. 59. System block diagram of power generation [custom function block]

Code for calculating power [custom function block]:

function powerOut = CalculatePower(theta, phi, alpha, A, beta)

% Calculate dot product of the incident sun and panel normal vectors
dot_prod = sin(beta)*sin(pi/2-alpha)*cos(theta-phi) ...
+ cos(beta)*cos(pi/2-alpha);

% Calculate the direct power
powerOut = 1.353*0.7.~(sin(alpha).”-0.678)*dot_prod*A*0.195*1000; % W

% Replace negative power values with zero (sun is behind the panel)
powerOut = max(powerOut,0);
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Fig. 60. Power generated from the system [scaled version]

Fig.60, is a simulated graph of this design which shows that how much power is generated from the
system over 15 hours in a scaled version. This yellow curve is indicating the power generation rate.
Power generation rate gradually increases up to 250W in 1st span of time. Next, we can see a slight
decrease in the rate value for a short period. After this, the power generation rate reaches 250W again.
Therefore, this rate value decreases from 250W to 0 at the last hours. This curve gives a clear idea of
recent data calculated and collected from the simulation of this design.
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4.5 Conclusion

Modern IT tools has become so advanced that complex systems can be designed in computer
simulation software with given parameters which are assess to produce results immediately, that would
usually take hours to evaluate and solve if done in the traditional way by hand. PVsyst, an IT tool has
been using to model three designs for the proposed solar home system by carefully selecting location
site, mutual shading from surrounding objects and structures are also included to make the simulation
environment in PVsyst more realistic. In this software, it is possible to alter the latitude and the position
of the sun in the simulation world to resemble our real world, thus enabling us to create a simulation
environment like the way we want to. The three designs are modeled and run to produce different types
of data in the form of diagrams like, charts, graph, Sankey diagram etc. which all are thoroughly
analyzed and observed to find the best performer. It was found that the third design performed better
and produced greater outcome values, comparatively than the other two designs. Subsequently, we used
another IT tool, MATLAB, to design our optimized system, component by component to create many
sub-systems that are all connected to each other to work together as a whole system. PV arrays, Charge
controller, Battery bank, Inverter, Boost converter, sun tracker and other sub-systems all were designed
and tuned to our requirements. In MATLAB, we can configure the PV panel input temperature and
irradiance to change according to an average day temperature and sun irradiance. By doing this, we can
proceed to design our system in such a way that it is adaptable to changes in the input, but able to
function and provide constant, stable and steady output. Our system is also designed to provide
maximum output yield possible, by taking advantage of sun tracking algorithm, to track the sun and
face the panels in the sun direction. Thus, the PV arrays are able to generate maximum power. All this
designing work was possible due to the availability of such powerful simulation software, without those,
designing, calculating and testing would have been really difficult. We are really grateful that we are
able to access such IT tools in this period of time which is making our work in the project really easy
and elegant.
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Chapter 5: Completion of Final Design and Validation

5.1 Introduction

The optimal solution of our project is chosen after analyzing all the outputs of multiple design
approaches. To start with, as the system satisfies all the aspects and matches the outcomes as we
expected. Therefore, our most efficient design approach is Hybrid Bidirectional Grid connected system
with single axis tracking system. Moving on, the flowcharts explain how sub-systems of our third design
approach works. One of the main attractions is the flowchart of our net-metering system as it is not
available in the country so we built it from scratch. The following graphs also depicts the output as we
expected and matches with our expectation from the project.

5.2 Completion of final design

5.2.1 Subsystem 1: Solar Utility System (SUS)

Initialize all sensor’s and connected to internet

!
! ! !

Solar 1 Solar 2 Display Weather condition
Bifacial Monofacial net-meter Solar T
parameter Ofar 2emp
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measurement > Microcontroller unit nll
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Charge ¥
controller Net-meter
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V/A V/A *
Display
grid solar [«
Solar grid power
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Fig. 61. Flowchart of subsystem 1

The Fig. 61, is the flowchart of subsystem 1, Solar Utility System and shows the working principle. At
first, when this subsystem gets started, it gets connected to the internet and all the installed sensors
begin to operate. The sensors will detect the condition of the weather and the temperature of the solar
panels. The solar panels, both mono-facial and bifacial, orientate their position with the help of tracker
motors by detecting the light direction. The current and voltage produced by the solar panels would be
measured and then send to load and battery storage through charge controller. Current and voltage
values from the charge controller then be send to the microcontroller unit and then to net-meter where
it detects values of the input and output currents and voltages. These values would be shown in the
displays along with the calculated input and output grid solar power. The values are sent to Solar grid
and again to microcontroller for storing in SD-card. They are also uploaded to the Internet Esp8266
server with the help of the internet.
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5.2.2 Subsystem 2: Netmetering System (NS)
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Fig. 62. Flowchart of subsystem 2

The Fig. 62, is the flowchart of subsystem 2, which is the net-metering system. All the sensors start to
function after the starting of the subsystem and it gets connected to the internet. The solar grid starts to
supply power to the house. If the house power is more than demand, the extra power is drawn from the
grid. If the house load is less than produced power, power is sent to the connected grid. The DC, AC
voltage and current measuring values in volts and amps along with the power produced by the Solar
panels and the power drawn and send to the grid, all of those values go to the google sheet.

Moving on, three load conditions have been set up to visualize the function of netmetering. The three
conditions are:

e Condition 1: If the household load is less than 4.5W, the solar utility grid will provide the
necessary energy and send the remainder to the national grid.

e Condition 2: If the household load is between 4.5W and 9W, the solar utility grid will supply
all of its energy to the household load.

e Condition 3: If the household load exceeds 9W, both the solar utility grid and the national grid
will deliver energy to the household.

a.

Fig. 63. Custom made net-meter a) outside of net-meter b) inside of net-meter
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Fig. 64. Condition 1 validation

Fig. 64.a and Fig. 64.b, validates the load condition 1. It is visible on the LCD display [system monitor]
that, condition 1 is met when the system power [household demands] is 4.254W, which is less than
4.8W. Therefore, P OUT = 14.19W indicates that the excess energy generated by the solar utility grid
has been sent to the national grid, as confirmed by the LCD display [netmetering monitor]. As the extra
energy has been sent to the national grid, from Fig. 63.a it can be observed that the grid load has been
illuminated as well as the household load.

62 e Tl |
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Fig. 65. Condition 2 validation

Fig. 65.a and Fig.65.b, validates condition 2. The LCD display [system monitor] in Fig.65.b indicates
that the household load consumption is 6.798W, which satisfies load condition 2 because the household
load consumption falls within 4.8W and 11W. Consequently, Fig.65.b verifies that both P IN and P
OUT are 0 from LCD display [netmetering monitor]. That indicates no power has been drawn from or
sent to the grid, and the household load has been illuminated by the solar utility grid.

Fig. 66. Condition 3 validation
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Fig. 66.a and Fig.66.b validates condition 3. The system monitor in Fig. 66.b shows that the power
consumption of the household load is 11.263W, satisfying condition 3 because the household load
consumption is greater than 11W. Additionally, the netmetering monitor depicts that 10W of electricity
was taken from the national grid. Meanwhile Fig.66.a, shows that the household load has been
illuminated while the national grid and solar utility grid have been jointly meeting the household load
consumption needs.

5.2.3 Subsystem 3: Single Axis Tracking System (SATS)

LDR upper J +

Microcontroller

Y

Servo motor

LDR

Lower | l

Fig. 67. Flowchart of subsystem 3

Conditions for tracking system:

As the panels will be installed facing east to west there are total 6 LDR sensors. Besides, 3 LDR sensors
are at east side of the panel and the rest of the 3 LDR sensors are at West side of the panel.

e [F 3 LDR sensors of east side receives sunlight then the single axis tracking system will move
from west to east until west side 3 LDR sensors receives sunlight simultaneously.

e If3 LDR sensors of west side receives sun light then the single axis tracking system will move
from east to west until east side 3 LDR sensors receives sunlight simultaneously.

e If none of the 6 LDR sensors receives sunlight then after 10 seconds the tracking system will
go to its initial position which is also known as backtracking.

.<i;m;. d

Fig. 68. Images of protype system, a) single axis tracking setup b) connectors of the main board including
sensors and solar panel 1 [bifacial] and 2 [monofacial] ¢) connectors of the control board form tracking system
and d) LDR sensor connection design
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5.2.4 Complete System diagram
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Fig. 69. System connection diagram

First of all, the prototype system has two PV module of similar voltage rating, one is bifacial and the
other one is monofacial PV module. The bifacial PV module in the system is custom made. Besides,

59



two monofacial PV module have been cascaded facing outward direction and they are connected in
parallel connection to maintain both identical voltage rating. Secondly, both bifacial and monofacial
PV panel are connected to the charge controller which is shown in Fig. 69. Afterwards, both the panel
are connected in parallel. Additionally, four dc voltage and current sensors are connected to measure
the power generated by individual PV panel. Moving on, the prototype system has two batteries. The
battery connected to the solar utility grid, is giving a fixed 12V at the output of the solar utility system.
On the other hand, the second battery is connected to a 12V to 220V ac inverter, which is referred as
grid for the protype system. Meanwhile, to charge both the batteries, they are connected to the solar PV
modules in a parallel connection. Thirdly, the battery referred for solar utility grid is connected to a 12V
to 220V ac inverter, which is referred as grid tied inverter in this system. Afterwards, the solar utility
grid’s ac power is delivered to the load of the prototype system, referred as home load. Also, an ac
voltage and current sensor is connected within the connection of grid tied inverter and home load to
measure the power used by the house. Moreover, a custom-made net-meter is also developed in this
system, which can be illustrated in Fig. 70. Besides, two LCD displays are included in the system to
monitor the house power consumption and netmetering parameters respectively. Furthermore, to control
the various parameters of the system an Arduino mega microcontroller and an ESP8266 is used.
Arduino mega is the main control board of the system, controlling all the signals received by the sensors
[ac voltage and current sensors and dc voltage, current sensors, RTC module, SD card module, relay
module].

e AC voltage and current sensor: Measures ac power of the system and net-meter

e DC voltage and current sensor: Measures dc power of both the panels

e RTC module: Real time clock to keep track of date and specific time of recorded datasets
e SD card module: Stores per second data of all the collected parameters form the sensors
e Relay module: The system has 2- two channel relays for the netmetering system

Also, ESP8266 is used to present the data using WIFI over the cloud server to a google sheet.
Additionally, all the data sets are also stored in a SD card, using a SD card module which allows to
record all the data in a per second rate. Furthermore, all the sensors control unit is an Arduino uno
microcontroller which is also controlling the tracking system of the PV module. Moving on, the sensors
that are used in the system are:

e DHT22: Measures ambient temperature and humidity

e DSI18B20: Measures body temperature of both the panels

e BMP180: Measures the barometric pressure of PV module surroundings

e LDR 20mm sensors: 6 LDR sensors are used which tracks the sun in single axis [East to West]
e ROBS5GRHS3115: Servo motor for the tracking system

Furthermore, the whole system consists of two dc-dc buck converters to convert the 12V battery output
to 5V. One converter is powering the Arduino mega microcontroller, relay module of the netmetering
system. On the other hand, the second buck converter is providing 5V dc to Arduino uno microcontroller
and sensors such as DHT22, DS18B20, BMP180, LDR sensors and servo motors.

Meanwhile, the system connection wires are divided in to two kinds. One of them is, jumper wire which
is used for the microcontroller’s connection. The other one is, 2 coils wire is also used for load
connection. Second kind of wire is 2 core DC wire which can draw the max current of the PV modules.
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5.2.5 Net-meter diagram
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Fig. 70. Net-meter connection diagram

Fig. 70, illustrates the connection diagram of custom-made net-meter of the prototype system. The
subsystem has couple of two-channel relay which can trip from common terminal to normally open
terminal according to the condition controlled by a microcontroller. Moving on, house load is connected
to both of the relay’s normally closed terminal. Also, solar utility grid and national grid [referred by a
battery and an inverter respectively] are connected in common terminal [solar utility grid] and normally
closed terminal [national grid]. Furthermore, the grid load is connected to the second relay’s common
terminal.

5.3 Evaluate the solution to meet desired need

The prototype system was used for collecting one month data of parameters such as weather
parameter, both the PV panel’s various parameters. The weather parameter includes ambient
temperature, bifacial PV panel’s body temperature and monofacial PV panel’s body temperature,
humidity, barometric pressure. Besides, PV panels parameters are power of individual PV panel and
efficiency of both the panel. Meanwhile, all the data were collected at a per minute rate from sunset to
sunrise of a complete day. As there a was huge sets of [roughly 686-point data points] data polynomial
regression was used to find the best fit curve for the scattered data points.

61



5.3.1 Weather parameters

A 30-day data collection [during the period of November 5" and December 4%, 2022] were
conducted to record the surrounding weather parameter of the site where the prototype was planted.
Besides, DHT22, DS18B20 sensors were used to collect the ambient temperature, humidity and PV
panel’s body temperature. Additionally, BMP180 sensor were used to collect the barometric pressure.
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Fig. 71. Per minute data of various collected temperature [30-day average]

Fig. 71, shows the variation in ambient and PV panel body temperature respectively during sun rise to
sunset for consecutive 30-day. Besides, the black, dark blue and orange dotted scattered plots in Fig.
71, are the raw data. Black, dark blue and orange solid lines are best fit lines found using polynomial
regression. The polynomial regression equation and goodness of fit for each of the data sets are:

y =4E71%x% — 8E~11x5 + 6E8x* — 2E~5x3 4+ 0.0035x% — 0.065x + 18.867 4)
y = 4E71%x% — 8E~11x5 + 6E8x* — 2E75x3 4+ 0.0033x% — 0.0875x + 20.239  (5)
y = 4E714x% —9F~11x5 + 7E~8x* — 3E75x3 + 0.0037x% — 0.0655x + 19.287  (6)

Eq. 4, 5 and 6 are 6™ order polynomial regression for ambient and bifacial, monofacial PV panel’s body
temperature with a goodness of fit for each of the equation are 0.792, 0.8351 and 0.79 respectively.

Meanwhile, it can be observed from Fig. 71 that, bifacial PV panel’s body temperature were consistently
low compared to monofacial PV panel’s body temperature. Besides, bifacial PV panel’s body
temperature were slightly above compared to ambient temperature. Additionally, monofacial PV
panel’s body temperature was comparatively higher than both bifacial PV panel’s body temperature
and ambient temperature. Moving on, Fig. 71, depicts that ambient and PV panel’s body temperature
were at its lowest value in the early morning. The temperature gradually increased for all the parameters
as the day progressed. Noticeably, the temperature value for all the parameters reached its peak value
just before noon. Later the temperature had a declining slope at a low rate until afternoon. As the evening
approached the declining slope of all the temperature were at a higher rate than before.

e Humidity and Pressure
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Fig. 72. Per minute data of air humidity and pressure [30-day average]

Fig. 72, illustrates the variation of air humidity and pressure from sunset to sunrise at a per minute rate.
The dark orange and blue dotted scattered plot are the raw data that were collected for the span of one
month. Firstly, blue dotted line [air humidity] has a high fluctuation at early morning. As the day
progresses the humidity levels had minimal fluctuation throughout a day. At the end of the day the
humidity levels had a slightly high fluctuation compared to the rest of the day excluding humidity
fluctuation of early morning.

Moreover, Fig. 72, depicts barometric pressure levels [air pressure, orange dotted line]. From early
morning to late evening the air pressure levels had very high fluctuations.

5.3.2 PV panels parameters

The PV panel parameters include a couple of things, they are power and efficiency for bifacial,
monofacial PV panel. Besides, the data sets were collected at a per minute rate for the span of 30 days
from sunrise to sunset [ November 5" to December 4™, 2022]. Additionally, as there were a huge data
sets of roughly 686 points for each day, polynomial regression is used for plotting the raw data sets for
better observation of the PV panel’s efficiency.
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Fig. 74, illustrates the raw data sets scatter plot of power generation by bifacial and monofacial PV
panel at a per minute rate in a day. Firstly, at early morning and at late evening the power generation
were the lowest as expected because the solar radiation is at its minimum since sun light cannot reach
earth’s surface. Secondly, as the day progresses starting from late mooring solar radiation increases
resulting a steep increase in generated energy. Noticeably, the sharp fluctuations in both bifacial and
monofacial PV panels power during noon to late evening is because of sudden cloud cover in the sky
throughout a day. Besides, as the system has single axis tracking system to track the sun from east to
west, there is a clear energy gain during the periods when solar radiation is at its maximum.

Meanwhile, Fig. 74, depicts that energy generated from bifacial PV panel is consistently higher than
monofacial PV panel throughout a day. Furthermore, a total of power of 12202.126-watts was recorded,
which was generated form bifacial PV panel at each day [30-day average]. On the other hand, a total
power of 4692.0893-watts was recorded, which was generated from monofacial PV panel at each day
[30-day average]. Finally, 7510.0366-watts extra energy was recorded, which bifacial PV panel
produced per day compared to monofacial PV module.

e Efficiency of PV panels (EPP)

_ PV panel genrated power

= x 1009 7

1 rated power o )
PV panel genrated power

p = Panety y D X 100% ®)
PV panel genrated power

A dcliad PO 100% )

20

Here, n = efficiency. Eq. 7 is the generalized formula for power efficiency measurement of PV panels.
Eq. 8 and 9 are the power efficiency formula for bifacial and monofacial PV panels used in this protype
system. The rated power that was calculated for bifacial PV panel in this prototype system is 34-watts.
Similarly, the monofacial PV panel had a rated energy of 20-watts.
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Fig. 74. Efficiency at per minute rate from sunrise to sunset [30-day average]

Fig. 75, shows the efficiency comparison of bifacial and monofacial PV panel in the prototype system.
Eq. 8 and 9 were used to measure the efficiency of bifacial and monofacial PV panel respectively. The
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dark orange and black dotted scattered plots are raw data of bifacial and monofacial PV panels
efficiency that were collected throughout a day, over the span of one month [November 5% to December
4™, Besides, the solid dark blue land orange line is polynomial regression that provided the best fit
curve for the respective datasets. The polynomial equation and goodness of fit for efficiency of PV
panel are:

y =7E12x5 —8E~%x* + 1E7%x3 — 2E~5x% + 0.2663x + 15.521 (10)
y = —3E714x% + 6E~11x5 — 5E78x* + 2E~>x3 — 0.0034x2 + 0.3951x + 16.058  (11)

Eq. 10 and 11 are polynomial regression of bifacial and monofacial PV panels energy efficiency and
goodness of fit of the equations are 0.9114 and 0.8916 respectively.

Moving on, at early morning and late evening the energy efficiency of both bifacial and monofacial PV
panels were at its minimum. In contrary, the energy efficiency was at its maximum during the period
of' noon and until late afternoon. Furthermore, at late morning the energy efficiency of bifacial PV panel
had a steep increasing slope until noon. On the other hand, during the same time period, monofacial PV
panels energy efficiency also had a steep increasing slope, but the increasing rate of the slope were
lower compared to bifacial PV panels energy efficiency curves slope. Besides, the high fluctuation in
the raw data for energy efficiency of both PV panels were due to cloud cover in the sky. Moreover, at
the opposite end of the day [from late afternoon to late evening] both bifacial and monofacial PV panels
energy efficiency had a steep declining slope.

Meanwhile, it was found that bifacial PV panels energy efficiency were on average 19.7309% extra,
compared to monofacial PV panel for a day [30-day average value]. Furthermore, Fig. 70 depicts that,
during noon bifacial and monofacial PV panels energy efficiency was around 90% and 50%
respectively. Thus, during noon bifacial PV panels energy efficiency was 40% higher compared to
monofacial PV panels energy efficiency. Finally, from the data analysis it was found that bifacial PV
and Monofacial PV panels average energy efficiency in a day at a per minute rate [for a 30-day average]
were 53.97% and 34.248% respectively.

5.4 Problems faced and troubleshooting

During implementation phases of the prototype system, numerous challenges were found and
corresponding troubleshooting were done to resolve the issue. Some of the challenges that were faced
are: Drawback of PZM sensor, Custom made net-meter, Issue with the relay, Power management for
the system, Issue with barometric sensor and Wire problem.

5.4.1 Drawback of PZM sensor

At the early phase of the prototype implementation PZM sensor were used to measure the
system’s AC power, voltage, current and power factor. But due to low durability of the current sensing
coil in the PZM sensor, the coil got burnt and the sensor were not functional anymore. Although it a
very accurate sensor to measure AC power and power factor, but due to its higher price an alternate
option of AC current sensor and Voltage sensor were used to measure the systems AC power flow.
Moreover, AC current sensor have its own drawbacks as well, which is it store a bit of current within it
after being functional giving a small amount of false rating. Anyway, a higher priced and much better
in quality of AC current sensor and voltage sensor will resolve the issue.
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Fig. 75. AC current and voltage sensor [for system power flow measurement]

5.4.2 Custom made net-meter

For financial reasons, high price and availability a custom-made net-meter were used in the
prototype system. Since cheaper components were used to build the net-meter as well as low accuracy
AC current sensor and voltage sensor made the custom-made net-meter slightly inaccurate in reading
inward and outward power from the solar grid utility system and national grid. To solve this a higher
accuracy sensor which are costlier can be used to make it more accurate.

5.4.3 Issue with the relay

During the testing phase of the prototype system, one of the relays in the net-metering system
malfunctioned and because of that one set of relays had to be changed. Normally relays are quite durable
but due to over current surge during testing phase the relays’ internal structure mal-functioned.

Fig. 76. Relay: a) malfunctioning relay and b) replaced relay

5.4.4 Power management for the system

In the prototype system two buck converter were used to handle the power management system
of the microcontrollers and sensors. At first one buck converter were used but it was not able to provide
the sufficient current needed by the components connected to it. Therefore, two buck converters were
needed to distribute the power needed withing the microcontrollers and sensors.
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Fig. 77. Buck converter: a) supplying power to Arduino mega and connect sensors, modules b) supplying power
to Arduino uno, sensors and motor drivers.

5.4.5 Issue with barometric sensor

During the data collection phase barometric pressure sensor BMP180 which is and 12C
protocol-based module and shares data using SCL (serial clock line) and SDL (serial data line) were
having some issue. As the protype system had numerous sensors, BMP180 sensor were not
synchronizing with the internal clock with other sensors. Due to this issue after the data collection phase
ended to have a full functional working prototype, the BMP180 sensor had to be removed.

Fig. 78. BMP180 sensor

5.4.6 Wire problem

In the prototype system two kinds of wire were used. But at the beginning only one kind of
wire was used and that is the narrow wire which can carry a current in the range of 1A. But as the rated
current values of the PV panels in this prototype system were more than 1A. Therefore 2 by 1.2 (rm),
40/2 wire were used which had a max current rating of 10A to 11A. As the bifacial and monofacial PV
panel could generate 2.3A and 1.17A respectively, the 40/2 wire could easily handle the current supply.
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a.

Fig. 79. Wire: a) narrow wire b) solar DC wire

5.5 Conclusion

Through this prototype implementation we have evaluated and validated the efficacy of the
Bifacial panels, observed the current-voltage -power characteristics and confirmed whether we will be
able to meet up the energy demand according to the proposal. Since, Bifacial PV module is not
available, we have customized Bifacial solar PV module by cascading two Monofacial PV panels in
this prototype system. Three subsystems include this prototype system which is Solar Utility System,
Net metering System and Single Axis Tracking System. Each subsystem has individual effects on this
whole system. Solar utility system provides energy to the prototype system. Besides, Custom made net
metering system enables this system to distribute power in home appliances and export surplus
electricity to the grid. On the other hand, to improvise this system we have added single axis tracking
system to track sun’s position efficiently which enables to store more energy. After implementation of
this system main goal was to determine and validate the PV panel parameters and one month data has
been recorded for analysis of this prototype. These collected data has been used to monitor the
performance of this prototype system by observing a number of weather parameters such as
temperature, humidity and barometric pressure. Since the performance of two types of panels-
Monofacial and Bifacial were observed in this system, most efficient panel was determined from the
PV panel parameter data. Moreover, comparing the data sets of power and efficiency parameters, we
can identify Bifacial PV module’s efficiency and power generation rate is 19.722% and 7510.0366-
watts higher than Monofacial PV module, respectively.

68



Chapter 6: Impact Analysis and Project Sustainability

6.1 Introduction

An engineering complex problem when comes with different approaches to the solution, it also
arrives with some impact analysis and project sustainability. Without an impact analysis, the project
would be incomplete as it analyzes what positive, and negative impacts or outcomes the project
acquires. While doing an impact analysis, the first thing we should inspect that the impacts are positive
or negative. Secondly, the negative or positive impact of the project must be categorized under the
social, environmental, and economic impact. Besides this, a SWOT analysis must be carried out so that
the sustainability of the project is examined. A SWOT analysis inspects the strength, weaknesses,
opportunities, and threats of a project. Moreover, to detect the sustainability of the developed design,
the environmental, social, and economic factor is further sub-categorized into both positive and negative
impact. Therefore, after these all analyses we can assure the sustainability and impacts of the project.

6.2 Assess the impact of solution

TABLE XIV. IMPACT ANALYSIS OF THE DEVELOPED SOLUTION

Social Impact

Environmental Impact

Economic Impact

Benefits of long-term
promotions.
Positive

Environmental issues are
being brought to the public's
attention.

Spending (direct and indirect).

Area preservation for the long

Pride in the community.

term.

Development of the
community.

The property's value has
increased as a result of the
redevelopment.

Increased trade and business
opportunities.

Infrastructure will not be
used to its full potential in
the future.

Short-term and long-term
site/location damage.

The cost of an event's failure to
the local and national
economies.

Disruption of one's way of
lifestyle.

Negative

Pollution and waste.

Product, service, and utility
prices have been impacted.

Influence of the media.

Demand for energy and other

Indifference and hostility in
the community.

natural resources has
increased.

Wealth is distributed unequally.

Security issues are more
likely to arise.

The TABLE XIV describes the Impact Analysis of the Developed Solution, about the Positive and
Negative Impacts in variety of sectors such as Social, Environment and Economic. To begin with, the
Positive Social Impacts, it would develop the community and make the people feel proud when they
start to embrace an idea that is new and advance, from which they could benefits in the long-run. One
of the main Environmental Impact is that citizens would be highly aware of the current environmental
issues and climate change, and how they can do their part to save the world. Also, site of this project,
for a long period of time would be conserved for later other purpose usages or upgradation in the future.
Increase in business opportunities and trade is an Economic Impact because local suppliers of items for
the project, would profits from sales. Customers, who invests in the project would also benefits, in the
long term, as they could become free from paying electricity bills. They could also increase their land
value as a result of the property redevelopment. In contrast, the Negative Impacts are plenty. Under
Negative Social Impacts, in future, it would halt the usage of infrastructure in the sites. Many people in
the community would not accept the new idea and could try to influence the decisions of the ones who
agreed up on, because many people are not comfortable bringing changes to their lifestyle. Security
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issues would arise and the media could also spread propaganda. The very thing that would save
environment could also damage and pollute the environment especially when the panels become
unusable and thrown away as unrecyclable wastes which cause land pollution. This damages the
location and sites in the short and long run. Demand for energy and other natural resources has increased
which also harms the environment. These are some of the Negative Environmental Impacts. Also,
Negative Economic Impacts discuss that every people in the community does not have the same wealth
and many people who cannot afford would be left out. As services, and utility prices have been
impacted, local power distributor could lose customers and money. This could cost event's failure to the
local and national economies.

6.3 Evaluate the sustainability

TABLE XV. SWOT ANALYSIS

Strength Weakness Opportunities Threats (Risk)
Long-lastlgg power Small scale of the The increasing gap Dominant position of
source with low between energy and .
. renewable energy economy. fossil fuels.
operating costs. supply and demand.
. Short of foundation in the Increasing worldw1de . Potential eC(.)loglca!
Rich solar resources. . . awareness of climate impacts associated with
PV industrial sector.
change. solar PV development.
Sultable app lication Insgfﬁ01ent awareness of Rapid decrease in PV Discontinuity of energy
for distributed PV social and environmental rices around the world olicies
power systems. benefits of solar PV. p ’ P ’

We have evaluated the sustainability of Bifacial PV solar system from this SWOT analysis. Bifacial PV
solar system has the advantage of lower operating cost and its long-lasting power source is the main
strength. Moreover, rich solar resources and suitable application for distributed PV power systems will
also strengthen Bifacial PV solar home system. Even though strength points are powerful enough,
Bifacial PV solar system is not widely spread rather it is quite small scale of the renewable energy
economy. Furthermore, the lack of foundation in the PV industrial sector and inadequate awareness of
social and environmental benefits are additional weaknesses which we have enlisted. On the other hand,
Bifacial PV solar system can face threat due to dominant position of fossil fuels, potential ecological
impacts associated with solar PV development and discontinuity of energy policies. But at recent time,
the increasing gap between energy and supply and demand may present the greatest opportunity in this
regard. In addition, increasing worldwide awareness of climate change and rapid decrease in PV prices
around the world are also urging to take this initiative. So, we are estimating if researching more in this
field can bring a golden opportunity in this era.

TABLE XVI. SUSTAINABILITY OF THE DEVELOPED DESIGN

Factors Sustainability
positive negative
. , On existing complexes or
Environmental Micro- JUu . . .
. buildings, multipurpose and Higher initial expenses and
environment . . . . .
integrated usage (like rooftops, changes in microclimate.
facades).
Transmission lines/grids are
reduced. Energy storage is required for
Infrastructure Decentralized, low-density off- gy storag q
. . X . L continuous supply.
Social grid settings, including in
underdeveloped countries.
.. Import-free energy for the Subsidies based on economic
Political . . . .
country. considerations, such as the fee-in tariff
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mechanism, which is uncontrolled and
overestimated.
Irregular supply issues of the solar
home system.

Economic Energy market | Diversification and deregulation.

In Table XVI, the sustainability of the developed design is inspected. Firstly, the environmental, social,
and economic factors are categorized into positive or negative impacts. As it is visible, all the factors
possess both positive and negative impacts. Secondly, environmental factor contains micro-
environment impacts that can be both positive and negative. Thirdly, the social factor can have an
infrastructure impact and political impact which can be both negative and cheerful as well. Finally, the
economic factor has only an energy market impact. Moving on, the positive micro-environmental
impacts possess building the project on rooftops of high-rise buildings as it will save up much space.
The positive impact of the infrastructure impacts is the grid lines are reduced along with that low-density
off-grid settings are achieved. Furthermore, the positive impacts of political impact and energy market
impact are import-free energy for the country and diversification and deregulation respectively. On the
other hand, on the micro-environment factor, the higher initial expenses and changes in the micro-
climate are one of the main negative impacts. Correspondingly, energy storage is also required which
is a negative impact of social factors. Additionally, fee-in-tariff mechanisms and subsidies based on
economic considerations also have a negative impact which falls under the political impact of social
factors. Lastly, the irregular supply issues of the solar home system represent the negative impact of the
economic factor.

6.4 Conclusion

This project has many positive and negative sides in the impacts it is going to bring to the
community and its people. The sustainability of the project is also analyzed and the findings says there
are many pros and cons present. SWOT analysis is also discussed about the project. However, the main
goal is to provide uninterrupted clean energy to the customers that is both beneficial to the climate and
the people. Many obstacles would always be present in the way when a new idea is going to be
implemented, but such hardships should be overcome to achieve the greater goodness. The most
important point to be taken in mind is that we should not inflict damage to the already damaged
environment anymore, so any alternate way to approach is highly suggested. For example, a process of
recycling the run-out lifetime of the Solar Module must be found so that they can be made reusable and
does not go in the landfills. On top of that, if the project idea could be manufactured in large scale, the
initial expenses could be greatly reduced, so that it becomes affordable to most of the people. The
government could also help in reducing the tariffs of the goods. The technology of storing energy in
battery is advancing at a rising pace, which makes it imminent that one day, our total energy grid would
totally become dependent in renewable energy and storing energy, dumping the idea of old fashioned,
dirty fossil fuel-based generation. So now would be a perfect time for the people to slowly shift to the
clean, environment friendly renewable energy as both supplier and consumer.
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Chapter 7: Engineering Project Management

7.1 Introduction

Coordination and implementation of any design and process is the most important thing to make
an engineering project fruitful. Evaluating and analyzing data of a project is another skeleton of any
project and for these a strategy and plan must be needed. Therefore, standard methodology, budget and
cost management, approval of plan documentation are the pillars to convert a project into an
extraordinary one. In addition to, team communication is a vital key point of any project management.
We are proposing an innovative technology of solar industry where we intend to meet the energy
demand in urban area households by reducing the installation cost and building an efficient Bifacial PV
solar home system. To identify the goals of our project we also proposed a working plan before leading
the research and development stage of projects. Project development depends on proper working plan
and contingency plan. Moreover, detailed project plans and budget proposal and functional and non-
functional requirements for the project are also included in an effective engineering project plan.

7.2 Define, plan and manage engineering project

7.2.1 FYDP 400C plan

Gantt chart EEE400 C FYDP (G2 ATC02)
Year 2022

Implementation
Performance evaluation

Selection of tools
Use of learned skills

Evaluate project progress

Cost benefit analysis

Report and presentation

Oct 9

Oct 23

Nov 6

Nov20 Dec 4 Dec 15

Fig. 80. Gantt chart [EEE400_C]

TABLE XVII. ALLOCATED PERSONS, STARTING AND ENDING DATES FOR FYDP 400C TASKS

TASK START | END Allocated persons
Implementation of selected design. 10/2 11/15 | Tanvir Mahmud Mahim, Sahha Munzer

Performance evaluation of implemented design. 10/12 | 11/25 All the members
Selection of appropriate tools for implementation. | 10/5 10/30 | Adnan Miah, Begum Fatema Tuz Zohra
Use of learned knowledge and skills. 10/31 | 11/10 | Adnan Miah, Begum Fatema Tuz Zohra
Evaluate project progress. 11/11 | 11/20 | Tanvir Mahmud Mahim, Sahha Munzer

Cost benefit analysis and estimation. 10/21 12/5 All the members

Team communication 10/2 12/14 All the members

Report and presentation 12/5 12/14 All the members
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7.2.2 Complete Project plan

Gantt chart EEE400 [P_D_C] FYDP (G2 ATC02)
Year 2022

Pre project approval
Research and development
Implementation
Enhancement

Report writing

Preparing PPT

Mar 8 May 9 Jul 6 Sep 10 Dec 4 Dec 15

Fig. 81. Gantt chart [1-year plan]

TABLE XVIII. ALLOCATED PERSONS, STARTING AND ENDING DATES FOR FYDP 400 [P D (]

TASK START | END Allocated persons
pre-project approval 2/15 3/14 All members
Research and Development | 3/15 5/14 All members
Implementation 10/2 11/15 Tanvir Mahmud Mahim, Adnan Miah
Enhancement 10/12 | 11/25 | Sahha Munzer, Begum Fatema Tuz Zohra
Report writing 6/25 12/12 Tanvir Mahmud Mahim, Adnan Miah
Preparing PPT 10/30 | 12/14 | Sahha Munzer, Begum Fatema Tuz Zohra
Team communication 2/15 12/14 All members
Video making 12/6 12/14 Tanvir Mahmud Mahim

7.3 Evaluate project progress

Figure 81 is a tentative Gantt chart of different tasks in EEE400 C FYDP. Figure 82 is a Gantt
chart of the tasks in full one year of EEE400 P, D and C. Pre project Approval and Research and
Development have been completed in EEE400 P and D. From both the charts throughout the project,
Team Communication have been present among all the group members, for discussing and sharing
problems, ideas, works and plans to proceed the project. Reports have been written in EEE400 P, D and
C. Video made on the working prototype has been presented and final Report submitted at the end of
the FYDP. These are some of the tasks along with Implementation that have been done in FYDP C in
time, as preplanned according to the Gantt chart of figure 82. However, some extra works, have been
considered in the EEE400 C that was not originally pre-planned in the Gantt chart of full one year.
These extra tasks are Performance Evaluation, Selection of tools, Use of learned skills, Evaluate project
progress and Cost benefit analysis. Also, Enhancement was removed from FYDP C. All these tasks
were supposed to end by December 4th but we had to delay and extend this till December 15th including
preparing PPT. Other than that, all the other works and task have been successfully completed within
the proposed dates before deadline.
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7.4 Conclusion

The Gantt chart of FYDP[P_D C] overviews and sums up how we approached the project and
how we concluded it. It explains the timeline of preparation, research and development,
implementation, and 