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Abstract
We have conducted a study on public buildings that have installed On-Grid
PV system. Before installing the system, It’s consumption of electricity was
100% from the network provided by the electricity company, but after that,
it relied on both the network and the electricity from the solar cells.
In this thesis, | have conducted this study on 2 schools and 3 municipalities-
they will be mentioned through the coming sections, and the economical,
environmental and social impacts that resulted from the installation of on-
grid PV system have been studied.
The main goals of this study are as follows. Firstly to find the performance
ratio of each selected building. Secondly, making economical analysis to
know the feasibility of these projects through data collection and
calculations. Thirdly, studying the environmental impacts of these
projects on the environment and its resources. Finally, surveying the opinion
of people working in these institutions about the on-grid PV system.
Through this thesis, we were able to touch the real influence behind installing
such systems environmentally, economically and socially. We were also able
to spread the awareness of the importance of using on-grid PV systems.
This research studies economical environmental and social impacts of using

on-grid PV system in public buildings (2 schools and 3 municipalities),
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where we found that the performance ratio in these buildings ranges between
81.7% to 96%.

Many economical tools were used to study the economic impact. We found
out that the installation’s initial costs will be paid back (6-8) years. There
were reductions in bills after the installation by range from (22-58)%.
These projects also have positive influences on the environment from
different perspectives. The most important one is decreasing the amount of
CO, emissions, which plays a great factor in saving the environment from
climate change.

Related to social impacts, installing on-grid PV system projects on selected
buildings , increased people's awareness, not as suspected, towards the
importance of renewable energy and its importance in achieving prosperity.

We also measured how aware people are of the importance of such systems.



Introduction

Solar energy is a form of renewable energy, there are many advantages that
solar energy has to offer over traditional sources of energy like coal and oil.
Not only it is completely renewable but is also protects the environment.
Photovoltaic (PV) technology converts this energy into electricity without
consuming fossil fuels and polluting environment and it is renewable.

The energy situation in Palestine is highly different compared to other
countries in the Middle East due to non-availability of natural resource,
financial crunch and unstable political condition.

Palestine is heavily dependent on Israel for meeting its energy requirements.
Almost all petroleum products are imported through Israeli
companies. Israel controls energy imports into Palestine and thus prevents
open trade in electricity and petroleum products between Palestine and other
countries.

So solar energy is good alternative for energy in Palestine which has a high
potential of solar energy falling out during the year compared with other
neighboring countries.

In this thesis the economic , environmental and social impacts will be studied

for using On-Grid PV system in public buildings.

Methodology of thesis:

we have conducted a study on public buildings that have installed On-Grid
PV system. Before installing the system, It’s consumption of electricity was
100% from the network provided by the electricity company, but after that,

it relied on both the network and the electricity from the solar cells.


http://www.conserve-energy-future.com/environmental-management-systems.php
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In this thesis, | have conducted this study on 2 schools and 3 municipalities-
they will be mentioned through the coming sections, and the economical,
environmental and social impacts that resulted from the installation of on-
grid PV system have been studied.

We started by collecting data about buildings including their consumption of
electricity, size of PV systems installed, bills of electricity before and after
installing the systems and the opinion of people working in these public
buildings. After that we started analyzing the data and get results.

Through this thesis, we were able to touch the real influence behind installing
such systems environmentally, economically & socially. We were also able

to spread the awareness of the importance of using on-grid P.V systems.

Structure of thesis:

The work carried out in this thesis has been summarized in six chapters

Chapter one: PV systems in public buildings
This chapter talks about the importance of renewable energy in general and
solar energy in particular. And it high lights the status of solar energy in

Palestine.

Chapter two: Elements of On-Grid PV systems

This chapter talks about the components of On-Grid PV system, how to
select buildings for the installation of PV panels, what are the consideration
before the installation of On-Grid PV system and then talk about the selected
public buildings in this thesis and calculate performance ratio for each

selected building.
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Chapter three: Economic impacts of using on-grid PV systems in public
buildings

In this chapter simple payback period (SPBP) will be calculated, the life
cycle cost of on-grid PV systems applied in public buildings including
schools and municipalities will be examined to find energy unit price,
feasibility study will be made for the systems. In addition to that, a
comparison between the consumption of electricity from the network before

the installation of the on-grid PV system and after it will be made.

Chapter four: Environmental impacts of using On-Grid PV system in
public buildings

The purpose of this chapter is to show the differences in CO, emissions and
other effects on environment between using solar energy and traditional
power plants and using only traditional power plants to cover the

consumption in selected public buildings.

Chapter five: Social impacts of using On-Grid PV system in public
buildings
In this chapter we will be talking about social impacts of using On-Grid PV

system in public buildings and see the awareness about like these projects.

Chapter six: Conclusions and future scope of work
This chapter talks about the main conclusions about using On-Grid PV

systems and its social and economic impacts.
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Chapter One
Literature Review
1.1 PV systems in public buildings

1.1.1 Importance of renewable energy

Climate change and the need to manage diminishing fossil fuel reserves are,
today, two of the biggest challenges facing the planet.
In order to secure the future for ourselves and generations to follow, it is
widely accepted that we must act now to reduce energy consumption and
substantially cut greenhouse gases, such as carbon dioxide. World leaders
have resolved to tackle global warming by signing the Kyoto Protocol, an
international treaty committing signatory countries to reduce their emissions
of carbon dioxide and five other greenhouse gases from 1990 levels. [1]
Renewable energy offers variety of different options to choose from as
countries can choose between sun, wind, biomass, geothermal energy, water
resources, etc.

Generating electricity from renewable energy rather than fossil fuels offers
many benefits in different fields:

- Significant public health benefits. The air and water pollution emitted
by coal and natural gas plants is linked to breathing problems,
neurological damage, heart attacks, and cancer. Replacing fossil fuels
with renewable energy has been found to reduce premature mortality

and lost workdays, and it reduces overall healthcare costs
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- Environmental benefits, wind, solar, hydroelectric and other
renewable systems generate electricity with no associated air pollution
emissions. While nonrenewable energy systems emit air pollutants.
Fossil fuels when burn create harmful greenhouse gas emissions that
have significantly contributed to global warming phenomenon. Using
renewable energy instead of fossil fuels we would significantly
decrease the total amount of greenhouse gas emissions which would
help prevent stronger climate change impact.

- Economic benefits, compared with fossil fuel technologies, which are
typically mechanized and capital intensive, the renewable energy
industry is more labor-intensive. This means that, on average, more
jobs are created for each unit of electricity generated from renewable
sources than from fossil fuels. [2]

- The number of people employed within the renewable energy industry
continues to grow, and this gives many countries an excellent option
to boost their economies in this post-recession period.

- Less foreign oil import. The global oil market has become extremely
volatile and our dependence on oil continues to grow. With more
emphasis on renewable energy and using domestic renewable energy
sources instead of importing foreign oil we would drastically improve
our energy security and energy independence. [4]

Whether you believe there are hundreds of years or just a few decades left of

fossil fuels, the fact remains that it is a finite resource. At some point, fossil


http://www.energyrealities.org/chapter/energys-future/item/years-of-fossil-fuels-remaining/erp6D28994FAAEECC86A
http://www.eesi.org/fossil_fuels
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fuels are going to either be gone or they are going to become too expensive
to realistically use. [3]
Renewable energy can help in electrification of many rural areas in
developing world. In many rural areas renewable energy is cheaper energy
option to satisfy energy needs compared to traditional energy solutions.
Renewable energy can also help improve political ties between countries by
sharing technological know-how. Some large renewable energy projects
could even be joined works of two or more different countries. [4]
In addition, wind and solar energy require essentially no water to operate and
thus do not pollute water resources or strain supply by competing with
agriculture, drinking water systems, or other important water needs. In
contrast, fossil fuels can have a significant impact on water resources.
So, we can see the importance of using renewable energy instead of

nonrenewable energy and it's benefits in several sectors.

1.1.2 Renewable energy present and future

Renewable energy nowadays affects many sectors, the transportation sector,
the power sector, the environment, energy-water nexus, energy-food-
agriculture; waste streams and urban planning. [5]

The U.S. Energy Information Administration (EIA) estimates that about 21%
of world marketed energy consumption is from renewable energy sources
(biofuels, biomass, geothermal, hydropower, solar, and wind) with a
projection for 25% by 2040.[6]

The International Energy Outlook 2013 (IEO2013) projects that world

energy consumption will grow by 56 percent between 2010 and 2040. Total


http://www.ucsusa.org/clean_energy/our-energy-choices/energy-and-water-use/water-energy-electricity-overview.html
http://www.eia.gov/energyexplained/index.cfm?page=biofuel_home
http://www.eia.gov/energyexplained/index.cfm?page=biomass_home
http://www.eia.gov/energyexplained/index.cfm?page=geothermal_home
http://www.eia.gov/energyexplained/index.cfm?page=hydropower_home
http://www.eia.gov/energyexplained/index.cfm?page=solar_home
http://www.eia.gov/energyexplained/index.cfm?page=wind_home
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world energy use rises from 524 quadrillion British thermal units (Btu) in
2010 to 630 quadrillion Btu in 2020 and to 820 quadrillion Btu in 2040
(Figure 1.1). Much of the growth in energy consumption occurs in countries
outside the Organization for Economic Cooperation and Development
(OECD), known as non-OECD, where demand is driven by strong, long-
term economic growth. Energy use in non-OECD countries increases by 90

percent; in OECD countries, the increase is 17 percent. [7]

history projections
1,000

800 \

600
Non-OECD

400
/
\
200
\ OECD
O L T T T

1990 2000 2010 2020 2030 2040

Fig (1.1): World energy consumption

1.1.3 Importance of solar energy
Solar energy is a form of renewable energy, there are many advantages that
solar energy has to offer over traditional sources of energy like coal and oil.
Not only it is completely renewable but is also protects the environment.
Here are some of the advantages of solar energy.
1. Non-polluting: Solar energy is an alternative for fossil fuels as it is non-
polluting, clean, reliable and renewable source of energy. It does
not pollute the air by releasing harmful gases like carbon dioxide,

nitrogen oxide or sulphur oxide. So, the risk of damage to the


http://www.conserve-energy-future.com/environmental-management-systems.php
http://www.conserve-energy-future.com/various-fossil-fuels-facts.php
http://www.conserve-energy-future.com/causes-effects-solutions-of-air-pollution.php
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environment is reduced. Solar energy also does not require any fuel to
produce electricity and thus avoids the problem of transportation of fuel
or storage of radioactive waste.

2. Renewable Source: Solar energy is a renewable source of energy as it can
be used to produce electricity as long as the sun exists. Sunlight is
available everywhere on the Earth. This energy can be harnessed by
installing solar panels that can reduce our dependence on other countries
for consistent supply of coal to produce electricity. Although solar
energy cannot be produced during night and cloudy days but it can be
used again and again during day time. Solar energy from sun is
consistent and constant power source and can be used to harness power
even in remote locations.

3. Low maintenance: Solar cells generally doesn’t require much
maintenance and run for a long time. More solar panels can be added
from time to time when needed. Although, initial cost of solar panels is
steep but there are practically zero recurring costs. Initial cost that is
incurred once can be recovered in the long run that range from 10 years
— 15 years. Apart from this, solar panels does not create any noise or
release any toxic substances.

4. Easy Installation: Solar panels are easy to install and does not require any
wires, cords or power sources. Unlike wind and geothermal power
stations which require them to be tied with drilling machines, solar
panels does not require them and can be installed on the rooftops which

means no new space is needed and each home or business user can


http://www.conserve-energy-future.com/51-fantastic-facts-about-earth.php
http://www.conserve-energy-future.com/41-super-easy-ways-to-lower-your-electricity-bill.php
http://www.conserve-energy-future.com/causes-and-effects-of-noise-pollution.php
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generate their own electricity. Moreover, they can be installed in
distributed fashion which means no large scale installations are needed.
With the advancement in the technology and increase in the production,
the cost of solar panels have come down slightly. Areas where cost of
electricity is high, payback times can be even lower.
5. Can Be Used in Remote Locations: Solar energy can be of great boon in
areas which have no access to power cables. It works great in remote
locations where running power lines would be difficult or costly. Solar
panels can set up to produce solar energy there as long as it receives the
sunlight.
6. Long Lasting Solar Cells: Solar cells make no noise at all and there are
no moving parts in solar cells which makes them long lasting and require
very little maintenance. Solar energy provides cost effective solutions to
energy problems where there is no electricity at all. [8]
Solar energy cells can be used widely, from producing the power for a
calculator or a watch to produce enough power to run an entire city. With
that kind of versatility, it is a great energy source. Some of the ways solar
energy is being used today are:

« Cars

« Cooking

« Coffee Roasters

o Electricity for homes and businesses

« Thermal heating for homes and businesses

« Watches


http://greenliving.lovetoknow.com/Solar_Oven

10
o Water heaters
. Water treatment plants
There are many other things that are or can be powered by solar energy.
In the future, solar energy may well be the primary form of energy. This
could lead to a clean environment, less money spent on utilities, and a
healthier world. Solar energy has the potential to allow technology and

nature to co-exist peacefully. [9]

1.1.4 Ways to generate solar energy

Humans have been tinkering with solar energy since the dawn of time.
Ancient civilizations learned how to use building techniques to store the
sun’s energy during the day to keep their homes warm at night. They even
used glass and mirrors to light fires. It wasn’t until the 1950s when
technology was developed to convert the sun’s energy into electricity using
photovoltaic cells, or what we call today, solar panels. One of the first uses
of a solar panel was on the Vanguard | space satellite launched in 1958.
Since then, innovative uses of solar have been invented to not only generate
energy for homes and buildings, but move people in solar cars, boats,

and even airplanes.

Types of Current Solar Technology:
« Passive Solar: This doesn’t involve the use of mechanical and electrical
devices. Windows, walls, and floors collect, store, and distribute solar

energy in the form of heat in the winter and reject solar heat in the


http://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf
http://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf
http://www.solarimpulse.com/
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summer. More and more homes are being built to utilize or deflect this
type of solar energy.

« Solar Thermal: Technology for harnessing the sun’s heat. One use is to
heat water on small or large scale.

« Solar Photovoltaic: Technology for producing electricity from the sun
using solar cells, typically encased in panels.

« Concentrated Solar: Technology for producing electricity from the sun
using mirrors (heliostats) to concentrate a large area of solar thermal
energy onto a small area. Electrical power is produced when the
concentrated light is converted to heat, which drives a heat
engine (usually asteam turbine) connected to an electrical power

generator. [10]

1.1.5 Ways to generate electrical energy from solar energy

There are many ways to generate electrical energy from solar energy, which
are: On- grid PV systems, Off- grid PV systems and Hybrid systems. Every
system has its advantages, disadvantages and uses. In this section we will
have a look about these ways and the components of every system.

Starting with:

Off grid: Also known as (Battery Backup Systems)

Off grid system provides energy independent of the electrical grid. Using
this technique allows to provide the utility with 100% of the energy used.
Most homes have higher electricity demand in the evening or at night, so off-
grid systems usually incorporate either a battery. Off grid systems are used

widely in remote areas without utility service. Off-grid solar-electric systems
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operate independently from the local utility grid to provide electricity to a
home, building or boat.
System components:

« PV panels

« battery bank

« charge controller (to protect the battery bank from overcharge)

« inverter

« required electrical safety gear (i.e. fuses, breakers, disconnectors)

« monitoring system to balance energy consumption with production
The other way is: On-grid PV systems
These are the simplest of solar-electric systems, with the fewest components.
They can send excess power generated back to the grid when you are
overproducing so you credit it for later use.
System components:
PV panels (multiple panels make up an array)
Inverter(s)
Required electrical safety gear (i.e. fuses, breakers, disconnectors)
Monitoring system to monitor energy production (optional)
Finally: Hybrid systems
Which provides power to offset the grid power whenever the sun is shining and

will even send excess power to the grid for credit for later use. [11], [12]
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1.1.6 Projects around the world applying on-grid solar systems on
public buildings

If we have a look around the world, we will see many projects supplying
public buildings by solar energy using On-grid PV systems. Many studies
were made highlighted different impacts on public buildings from producing
energy from solar cells.

As an example, Feasibility Study of Economics and Performance of Solar
Photovoltaics at the TechCity East Campus Resource Conservation and
Recovery Act Site in Kingston, New York. Also, technical and economic
study of a PV system installed on the rooftop of a public building in Goiania

and many other studies.

1.2 Renewable energy in Palestine

1.2.1 Available renewable energy in Palestine

Nowadays the world is going forward replacing traditional energy sources
by renewable resources to achieve many purposes, also Palestine is
progressing in the same way.

With an acknowledged scarcity of conventional energy resources, high
population growth and volatile energy prices, many worry that there is a
future energy crisis developing in the Palestinian Territory.

To avoid this crisis alternative energy sources must be used. Renewable
energy sources available in Palestine are as follows: Solar, geothermal,

biomass and wind energy.
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Solar Energy

Solar energy can be a major contributor to the future Palestinian energy
supply, with its high potential in the area. Palestine receives about 3,000
hours of sunshine per year and has an average solar radiation of 5.4 kWh/m?.
Domestic solar water heating (SWH) is widely used in Palestine where
almost 70% of houses and apartments have such systems. In fact, Palestine
is one of the leading countries in the field of SWH for domestic purpose.
SWH is made locally in the West Bank and Gaza Strip with a production rate
of about 24,000 units per year which is considered to be sufficient for the
Palestinian market. Solar thermal and photovoltaic systems are yet to take

off in Palestinian areas due to high costs associated with such systems.

Geothermal Energy

The heating and cooling requirements of Palestinians can be met by judicious
exploitation of geothermal energy. In summer, the temperature below the
earth’s surface is lower than atmospheric temperatures, and in winter it is
higher. MENA Geothermal capitalizes on this by burying pipes below
ground. Water pumped through these pipes then capture the temperature to

feed the building’s heating and cooling system.
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A geothermal system utilizes the energy from the sun, which is stored in the
earth, to heat and cool homes and buildings. Typically, electric power is used
only to operate the unit’s fan, compressor and pump. The geothermal system
essentially uses the stable temperature of the ground at a specific depth for
heating in winter and cooling in summer, providing clean energy and

reducing energy costs.

Biomass Energy

Biomass energy is predominantly used for heating purposes and constitutes
approximately 15% of Palestinian energy supply. Being an agrarian
economy, Palestine has a strong potential for biomass energy. There is good
potential for biogas generation from animal manure, poultry litter and crop
wastes. In addition, organic fraction of municipal solid wastes is also
represents a good biomass resource in Palestine. The Gaza Strip alone
produces more than 1300 tons of solid wastes.

Being Palestine one of the many olive oil producing countries in the region,
the interest now is directed to utilize the olive mill solid waste (OMSW) to
be used as clean source of energy. The olive harvest season is all year round
and so the OMSW as a raw material is also constantly available. The annual
average amount of OMSW is around 76,000 tons. The municipal solid waste
in Palestine could be used as a source of energy, a new developing proposal
projects were released by PEC to generate electricity from burning the
wastes (WTE). The proposal project is for constructing an 18 MW waste to

energy (WTE) power plant in order to get rid of municipal solid waste
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(MSW) of the northern provinces of the west bank; this is done by a
controlled combustion of the wastes which is exploited generate electricity.
Thus, converting MSW to a valuable material rather than being an
environmental and economical burden [15]

In addition to these sources there are a few wind energy projects underway,
including at the hospital in Hebron.Based on available data and
topographical features of Palestine, potential of wind energy seems to be
limited to the mountains (elevation of about 1000 m); regions of Nablus,
Ramallah and Hebron where the speed surpass 5 m/s and the potential about
600 kwh/m2.Initial studies shows that the wind regime is suitable for
operating a wind turbine for wind power generation in city of Hebron in West

Bank.[13],[14],[15]

1.2.2 Availability of solar energy and its importance

We can see the importance of solar energy by looking at the problems
produced from traditional sources. High population growth, increasing living
standards and rapid industrial growth has led to tremendous energy demand
in the Palestinian Territories in recent years. The energy situation in Palestine
is highly different compared to other countries in the Middle East due to non-
availability of natural resource, financial crunch and unstable political
condition.

Palestine is heavily dependent on Israel for meeting its energy requirements.
Almost all petroleum products are imported through Israeli

companies. Israel controls energy imports into Palestine and thus prevents
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open trade in electricity and petroleum products between Palestine and other
countries.

The Palestinian power sector is entirely dependent on imported power
supply, 88% from the Israel and 3% from Jordan and Egypt.

Egypt supplies merely 17MW of electrical power to the Gaza Strip while
20MW is supplied to Jericho by Jordan’s state-utility firm. Exploitation of
renewable energy resources is required at a mass-level so as to ensure a
cheap and sustainable source of energy to the Palestinians. The major
renewable energy resources in Palestine are solar, geothermal and biomass.
At the end of 2012, renewable energy contributed merely 1.4% in the energy
mix, though Palestine is targeting 10% clean energy installed capacity by the
year 2020.

Palestine has a high potential of solar energy falling out during the year
compared with other neighboring countries. The annual daily average of
solar radiation in Palestinian Territories is estimated at (5.46 kWh/ m2.day).
The average of solar radiation during winter season is approximately (3.5
kwh/mz2.day), and it exceeds (6.242 Kwh/m2.day) in the rest of the year. The
following table (1.1) shows the values of solar radiation in different locations

in Palestine.[16]
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Table (1.1): Daily average global solar radiation (kwh/mz2.day)

Allud Bet | Jerusalem | Jericho | Bethlehem | Gaza PT
Dagan Average
Location | 3200N | 3200N 3146N 3151IN J15IN J13IN
345E | 344E 3511E 352E 3507E 3426E
Jan 3.19 2.85 3.06 2.78 293 2.78 2.97
Feb 4.36 3.76 3.7 3.28 3.28 3.89 3.73
Mar 5.44 4.85 5.03 4.85 4.89 4.86 5.03
Apr 6.76 6.01 6.35 6.61 6.61 5.83 6.24
May 7.92 7.07 7.55 6.89 6,89 6.94 7.24
Jun 8.48 7.69 842 8.06 8.06 7.78 8.13
Jul 8.31 7.45 8.31 8.12 8.12 7.5 7.9
Aug. 7.49 6.91 6.91 7.3 7.3 7.22 7.30
Sept. 6.49 5.85 6.66 6.36 6.36 6.25 6.26
Oect. 5.06 4.51 4.99 4.93 4.93 4.72 4.81
Nov. 3.77 334 38 3.25 3.25 3.61 3.51
Dec. 3.05 2.61 3 2.61 2.61 2.5 2.74
Average | 5.86 5.24 5.70 5.45 5.45 5.33 5.46
Source: PEC, Applications of Solar Thermal Energy in the Mediterranean Basin, Nablus,

May 2002

1.2.3 Renewable energy in Palestine by 2020

In 2009, the power consumption in the Palestinian Territory was 4.413 GW/
hour. These power needs are imported from three sources: Israel (86%),
Egypt and Jordan (4.5%) and Palestine Electric Company- Gaza (around
10%).

The bill of imported electricity ranges from 400 to 500 million dollars
annually. Electricity services (including distribution and maintenance) are
carried out by Palestinian providers (3 in the West Bank and one in Gaza). It
should be noted that there are no purchase agreements between the PNA and
Israel and thus the purchase is done through bilateral contracts between the
Israeli Electricity Company and Palestinian providers. The most prominent
characteristics of the power sector in the Palestinian Territory are:

Household and services account for 75% of consumption, while 25 percent
is consumed by economic and productivity activities. The annual

consumption in 2020 is expected to reach 8.400 GW / hour- assuming an



19

annual growth rate of 6%. The wastage of electricity is about 26% of
imported energy, while the electricity prices are relatively high as a result of
importing most of the needs from Israel. The average per capita
consumption of electricity (after deducting wastage) is around 830 KW /
hour per year. This average is low compared with neighboring countries
(2093 in Jordan, 1549 in Egypt and 6600 In Israel).

The PNA has adopted a national strategy for the energy sector (2011-2013)
which aims to increase domestic production of electric power to cover 50%
of consumption by 2020. The strategy stipulates that the domestic production
of energy should be a combination of both traditional and renewable sources.
According to this blueprint, renewable energy will generate 5% of the total

target electricity by 2020. [17]

1.3 Importance of On-grid PV system in public buildings

As we mentioned before in section 1.1.5 , we have three ways to generate
electricity from solar energy, which are : on-grid, off- grid and hybrid
systems. In this section, we will show the importance of on-grid systems over
other systems.

On-Grid Systems are solar PV systems that only generate power when the,
utility power grid is available. They must connect to the grid to
function. They can send excess power generated back to the grid when you
are overproducing so you credit it for later use.

These are the simplest systems and the most cost effective to install. These

systems will pay for themselves by offsetting utility bills in 3-8 years. [18]



20

Off-grid systems use batteries to store electricity and provide it for your
home, but batteries don’t last forever. In fact, they will need replacement
every five to fifteen years (typically less than ten, unless you have deep
pockets for high-quality, industrial-type batteries). A minimal bank of
batteries will cost at least $1,000, and long-lasting industrial batteries for the
same application might cost three to four times that much. And it’s not just
the cost in dollars that’s a disadvantage. There’s maintenance and
replacement time, aching backs from lifting that heavy metal, and perhaps
labor cost—and then there’s the environmental cost of making, moving,
recycling, and replacing all that lead.

Batteries have another, less tangible cost, and that’s energy waste. At their
best, batteries are 90% efficient. That means if you put in 10 kilowatt-hours
(kwh), you will get out less than 9 kwWh. As they age, their efficiency drops
further, and they are also affected by temperature. All this adds up to more
energy waste the larger, older, hotter, or colder your battery bank is.

In comparison to grid-tied systems, stand-alone systems have another serious
drawback—wasted surplus energy. When a grid-tied renewable electricity
system makes more than the homeowners use, the surplus is fed to the utility,
creating an energy credit and allowing the system to always run at full
capacity. Nothing is wasted, and the grid is figuratively (not literally) 100%
efficient—you get credited for all that you throw their way. When you’re off
grid, your surplus must be used or it will be wasted. With most off-grid PV
systems, the array simply gets turned off by the controller when the batteries

are full, so the energy is never generated. [20]
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So, the most proper choice to produce electricity in public buildings is on-
grid PV systems; they are more economical than other alternatives. They are
also more reliable since any shortage in producing electricity can be
compensated from the network. In case of expanding the load, the installed
systems must not be replaced and the shortage can be compensated from the

network.
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Chapter Two

Elements of On-Grid PV system
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In this chapter we will be talking about the components of On-Grid PV
system, how to select buildings for the installation of PV panels and calculate

performance ratio for each selected building.

2.1 Selection of buildings to install On-grid PV system
In this section we will talk about what are the consideration before the
installation of On-Grid PV system and then talk about the selected public

buildings in this theses and how much do they achieves conditions.

2.1.1 Considerations before installing

Before choosing On-Grid PV system components and starting the
installation, many considerations must be taken into account, we have to
insure that the roof top is suitable to install the system, we have to take into
account that shading can really impact the amount of electricity produced
from a solar array if the solar panels are all on the same string, and one of
the panels is shaded, all the panels will have the electricity production limited
to the one shaded panel.

Therefore, we need to have correctly positioned them (taking on board
advice from the installers) and potentially you might wish to put panels on
different strings to ensure that you maximize the electricity produced from
panels if you know shading is going to be an issue. [21]

So, before installing the panels have a site visit, discuss energy efficient

initiatives that could be implemented by the site owner. These could include:
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e Replace inefficient electrical appliances with new energy efficient
electrical appliances

e Replace tank type electric hot water heaters with a solar water heater
either gas or electric boosted.

e Replace incandescent light bulbs with compact fluorescents and/or
efficient LED lights

e Assess the occupational safety and health risks when working on that
particular site,

e Determine the solar access for the site.

e Determine whether any shading will occur and estimate its effect on
the system,

e Determine the orientation and tilt angle of the arrays,

e Determine the available area for the solar array,

e Determine whether the roof is suitable for mounting the array,

e Determine how the modules will be mounted on the roof,

e Determine where the inverter will be located,

e Determine the cabling route and therefore estimate the lengths of the
cable runs and determine whether monitoring panels or screens are
required. [22] [23]

After taking all these considerations into account, we can then start choosing

the components of the on-grid PV systems explained in the next section 2.2
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2.1.2 Selection of buildings in this thesis:
A study on public buildings will be made. We chose two public schools and
three municipalities. The buildings were chosen on specific criteria. The first
criterion, chosen buildings must not be surrounded by other high buildings
from the south so that there is no objects that may cause shadow on the
system. The second criterion is that there must be enough free space on roof
top to install the system. The third criterion is: the possibility of adding the
necessary meters on the main board and the availability of necessary data.
The schools are: Al-Razi School and Khawlah Bint Al-Azwar School. The
three municipalities are: Hamdi Mango Center, Qabalan Municipality, Baga
alshargia Municipality. The previous criteria were all found in the selected
buildings.
The collected data about schools are as the following:
e Al-Razi School

Is located in Qalgilia at schools street, near Qalgilia Zoo as shown below

in figure(2.1).

Fig (2.1): Location of Al Razi School

The coordination: Lat: 32°11'41.23"N, Long: 34°58'19.48"E



The school is not surrounded by high buildings from the south, so there is no

object may cause shadow on system as shown below in figure (2.2):

Global Irradiation for site for inclination of 32 degrees is shown in table (2.1):

Table (2.1): Global Irradiation for Al Razi school site for inclination of

32 degree

H (32): Irradiation on plane at angle (32 degree) - Wh/m2/day

Energy consumption = 35497 kwh/year
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Fig (2.2): Roof top of Al Razi School

Month H(32)
Jan 4290
Feb 4820
Mar 6280
Apr 6530
May 6970
Jun 7250
Jul 7220
Aug 7280
Sep 6990
Oct 6300
Nov 5250
Dec 4380

e Khawlah Bint Al-Azwar School
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Is located in Albireh at Alkhan street, as shown below in figure (2.3):

¥

!

The coordination: Lat: 31°54'14.63"N, Long: 35°12'52.05"E
The school is not surrounded by high buildings from the south, so there is

no object may cause shadow on system as shown below in figure (2.4):

Fig (2.4): Roof top of Khawlah Bint Al-Azwar school

Global irradiation for site for inclination of 32 degrees as shown in table (2.2):

Table (2.2): Global Irradiation for Khawlah Bint Al-Azwar school site

for inclination of 32 degree:
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Month H(32)
Jan 4240
Feb 4710
Mar 6040
Apr 6460
May 6940
Jun 7310
Jul 7320
Aug 7400
Sep 7140
Oct 6330
Nov 5320
Dec 4340

H (32): Irradiation on plane at angle (32 degree) - Wh/m2/day
e Qabalan Municipality
Qabalan Municipality is located in Qabalan town with coordination 32°

6'11.04"N, 35°17'18.69"E, as shown below in figure (2.5):
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Fig (2.5): Location of Qabalan Municipality

Energy consumption = 14 MWh/year
The plant is 5KWp PV system

Global irradiation for site for inclination of 32 degrees as shown in table

(2.3):



29
Table (2.3): Global Irradiation for Qabalan Municipality site for

inclination of 32 degrees:

Month H(32)
Jan 4070
Feb 4540
Mar 5890
Apr 6320
May 6880
Jun 7240
Jul 7250
Aug 7290
Sep 6950
Oct 6160
Nov 5100
Dec 4230

H(32): Irradiation on plane at angle (32 degree) - Wh/m2/day

e Hamdi Mango Center

Hamdi Mango Center is a municipal building located in western part of
Nablus with coordination 32°13'33.00"N, 35°15'7.27"E, as shown in
figure (2.6)
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Energy consumption = 131 MWh/year

The plant is 20KWp PV system
Global irradiation for site for inclination of 32 degrees as shown in table (2.4):
Table (2.4): Global Irradiation for Hamdi Mango Center site for

inclination of 32 degree:

Month H(32)
Jan 4030
Feb 4500
Mar 5940
Apr 6310
May 6870
Jun 7250
Jul 7250
Aug 7290
Sep 6910
Oct 6120
Nov 5040
Dec 4160
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H(32): Irradiation on plane at angle (32 degree) - Wh/m2/day

e Baga alshargia Municipality
Baga alshargia Municipality is located in Baga Alshargia with

coordination 32°24'35.33"N, 35° 4'27.41"E, as shown in figure (2.7):

~ gy 03
e 1

o y -~
Jgbagaalshaegiaimunicipality

Gloogl‘cieé‘r.t‘tjj .
Fig (2.7): Location of Baqa lshargia Muniipalty
Energy consumption =17 MWh/year

The plant is 5SKWp PV system

Global irradiation for site for inclination of 32 degree as shown in table(2.5)
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Table (2.5): Global Irradiation for Baga alshargia site for inclination of

32 degree:
Month H(32)
Jan 4200
Feb 4680
Mar 6190
Apr 6460
May 6940
Jun 7240
Jul 7240
Aug 7280
Sep 7010
Oct 6240
Nov 5160
Dec 4330

H(32): Irradiation on plane at angle (32 degree) - Wh/m2/day

2.2 On-Grid PV system components

In this section we will talk about the components of On-grid PV system and
then the components of On-grid PV systems in selected public buildings.
On-grid PV system components are: PV array, balance of system

equipment, DC to AC inverter and metering, as shown in figure (2.8)
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Fig (2.8): On-grid PV system components
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PV Array: A PV Array is made up of PV modules, which are
environmentally-sealed collections of PV Cells— the devices that
convert sunlight to electricity.. Often sets of four or more smaller
modules are framed or attached together by struts in what is called a
panel. The module is made up from solar cells and there is three
common types of solar cells, which are:

- Mono crystalline solar cells

- Poly crystalline solar cells

- Thin film solar cells
(BOS): BOS includes mounting systems and wiring systems used to
integrate the solar modules into the structural and electrical systems
of the home. The wiring systems include disconnects for the dc and ac
sides of the inverter, ground-fault protection, and over current
protection for the solar modules. Most systems include a combiner

board of some kind since most modules require fusing for each module



source circuit. Some inverters include this fusing and combining
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function within the inverter enclosure.

3- DC-AC inverter: This is the device that takes the DC power from the

PV array and

converts it into standard AC power used by the house appliances.

4- Metering: This includes meters to provide indication of system

performance. Some meters can indicate home energy usage.

5- Other components: utility switch (depending on local utility) [21]

2.2.1 Components of selected public buildings

Starting with public schools:

The components of On-grid PV system in public schools are as in table (2.6):

Table (2.6): The components of On-grid PV system in public schools

Item # | Category Description of item( as offer) QTY
1 PV PV modules 320Wp - 24V 24
2 Inverter grid Interactive Inverter, single phase | 3
"three single phase”
3 Monitoring |real time monitoring system (data |l
logger) with on-line screen unit
4 Meter Bi-directional three phase meter with | 1
time discrimination and indirect
measure using current transformers.
5 three phase electronic meter 400V 1
6 Fire fire extinguisher system 1
extinguisher
7 Surge surge protection device | max = 15KA, | 1
Protection 400V,
including circuit breaker
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The components of On-grid PV system in public municipalities (Qabalan

and Baga al shargiya) are as in table (2.7)

Table (2.7): The components of On-grid PV system in public

municipalities (Qabalan and Baqga al sharqiya)

Item # | Category Description of item( as offer) QTY

1 PV PV modules 320Wp - 24V 16

2 Inverter grid Interactive Inverter, "three phase" 1

3 Monitoring | real time monitoring system (data logger) | 1
with on-line screen unit, to measure and
monitoring real time data from the solar
system

4 Meter Bi-directional three phase meter with |1
time discrimination and indirect measure
using current transformers.

5 three phase electronic meter 400V 1

The components of On-grid PV system in public municipalities (Hamdi

Mango) are as in table (2.8)

Table (2.8): The components of On-grid PV system in public
municipalities (Hamdi Mango)
Item # | Category Description of item( as offer) QTY
1 PV PV modules 320Wp - 24V 64
2 Inverter grid Interactive Inverter, "three phase" 2
3 Monitoring | Real time monitoring system (data logger) | 1
with on-line screen unit, to measure and
monitoring real time data from the solar
system
4 Meter Bi-directional three phase meter with time | 1
discrimination and indirect measure using
current transformers.
5 three phase electronic meter 400V 2
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2.3 Performance Ratio calculations

In this section we will talk about what is performance ratio, why is it's
important and calculate the P.R for the On-Grid PV systems in public

buildings.

2.3.1 Performance Ratio

In this section we will talk about what is performance ratio and why is it's
important.

The performance ratio is one of the most important variables for evaluating
the efficiency of a PV plant. The performance ratio is a measure of the quality
of a PV plant that is independent of location and it therefore often described
as a quality factor. The performance ratio (PR) is stated as percent describes
the relationship between the actual and theoretical energy outputs of the PV
plant. It thus shows the proportion of the energy that is actually available for
export to the grid after deduction of energy loss (e.g. due to thermal losses
and conduction losses) and of energy consumption for operation. The closer
the PR value determined for a PV plant approaches 100 %, the more
efficiently the respective PV plant is operating. In real life, a value of 100 %
cannot be achieved, as unavoidable losses always arise with the operation of
the PV plant (e.g. thermal loss due to heating of the PV modules). High-
performance PV plants can however reach a performance ratio of up to 80
%. [24]

The following equation 2.1 explains how to calculate the performance ratio:
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P.R = Actual reading of plant output in kWh p.a. \ nominal plant output in
kWh p.a. (2.1)
The performance ratio can be used to compare PV plants supplying the grid
at different locations all over the world.

The nominal system output = P,x P.S.H x (2.2)
Where:

P,: peak power

P.S.H: peak sunshine hours, average P.S.H in Palestine =5.4 wh /day

n: Overall efficiency, equals 0.9

2.3.2 Performance ratio of selected public buildings

In this section we will find out the performance ratio for the selected public
buildings. To calculate performance ratio, we will use equation (2.1) which
requires to know the actual and theoretical output from PV systems.

Actual output from PV systems for one year is shown in table (2.9)

Table (2.9): Actual output from PV systems in selected public buildings

Public building Actual output from PV system
(kwh/year)
AL- Razi school 11,243.6

Khawlah Bint Al-Azwar school | 11,563.00
Baga alshargia Municipality 8,521.9
Qabalan Municipality 8,131.6
Hamdi mango municipality 29,292.8

Theoretical output can be calculated using equation (2.2)

Table (2.10) shows peak power of every chosen public building
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Table (2.10): Peak power of chosen public buildings
Building Peak power (kw)
AL- Razi school 7.76

Khawlah Bint Al-Azwar school | 7.76

Baga alshargia Municipality 5
Qabalan Municipality 5
Hamdi mango municipality 20

As an example, in AL- Razi school:
Actual output from PV system /year = 11,243.6 kwh
Theoretical output = 7.76kw x5.4 h/day x365 days x0.9

= 7.76kw x 5.4 h/day x365 days x0.9

= 13,765.5 kwh/year
Now,
P.R in Al Razi school = 11,243.6 kwh / 13,765.5 kwh/year

=81.7%

We can see that P.R in Al Razi school is high and as we said before the closer
the PR value determined for a PV plant approaches 100 %, the more
efficiently the respective PV plant is operating.
In the same way we can calculate performance ratio for other public
buildings. Table (2.11) shows the performance ratio for PV systems in
selected public buildings.

Table (2.11): Performance ratio for PV systems in selected public

buildings.
Building Performance Ratio (P.R)
AL - Razi school 81.7%

Khawlah Bint Al-Azwar school | 84%
Baga alshargia Municipality 96%
Qabalan Municipality 91.7%
Hamdi mango municipality 82.6%
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The results in previous table (Table 2.11) shows that P.R in all selected
public buildings is high, that informs how energy efficient and reliable PV

plant is.
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Chapter Three
Economic impacts of using On-
Grid PV systems in public
buildings
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Economic impacts of using on-grid PV systems in public buildings
In this chapter simple payback period (SPBP) will be calculated, the life
cycle cost of on-grid PV systems applied in public buildings including
schools and municipalities will be examined to find energy unit price,
feasibility study will be made for the systems. In addition to that, a
comparison between the consumption of electricity from the network before

the installation of the on-grid PV system and after it will be made.

3.1 Simple payback period

In this section payback period will be defined and calculated for the On-Grid
PV systems in selected public buildings.

The payback period is the length of time required to recover the cost of an
investment. The payback period of a given investment or project is an
important determinant of whether to undertake the position or project, as
longer payback periods are typically not desirable for investment positions.
The payback period ignores the time value of money, unlike other methods
of capital budgeting, such asnet present value,internal rate of
return or discounted cash flow.[25]

In this thesis we calculated SPBP to have a look if similar projects will be
made is it advantageous. Simple payback period (SPBP) evaluates the

economic impact of the projects, it can be found using equation (3.1):
investmant

Sppp = Zrestmant (3.1)

saving

Where:


http://www.investopedia.com/terms/t/timevalueofmoney.asp
http://www.investopedia.com/terms/c/capitalbudgeting.asp
http://www.investopedia.com/terms/n/npv.asp
http://www.investopedia.com/terms/i/irr.asp
http://www.investopedia.com/terms/i/irr.asp
http://www.investopedia.com/terms/d/dcf.asp
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Investment: Is initial cost of the system, equals the sum of installation cost
and components costs.

Saving: The cost of energy produced from On-Grid PV system.

Starting with calculating the investment cost of the systems:

Investment cost = Components cost + Installation cost (3.2)
The cost of PV system components is shown in table 3.1 and installation cost
is shown in table 3.2:

Table (3.1): cost of PV system components in public schools

Item number | Component Quantity | Unit price | Total price ($)
1 PV modules 24 235 5,640

2 Single phase Inverter | 3 950 2,850

3 Monitoring system 1 750 750

4 Meters 1 572 572

5 Other components 288 288

Total components costs 10,100 $

Table (3.2): Installation cost of On-Grid PV system in public schools

Item number Installation of Total price
©)

1 PV panels 2394

2 Protection elements 1186

3 Inverters 280

4 Distribution board and meters | 361

5 Monitoring system 712

6 Wires and other elements 697.5

Total cost 56305% |

So investment cost of on-grid PV system in both public schools is calculated
using equation (3.2)
Investment cost = installation cost +components costs (3.2)
=5,630.5 +10,100
=15,7305 %
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The cost of On-Grid PV system components and installation in each of Baga
alshargia and Qabalan municipalities can be calculated using equation (3.3):
System components and installation cost= 2$ *P, (3.3)
Where Py is taken from table (2.10) in previous chapter.
System components and installation cost in Baga alshargia and Qabalan
municipalities =2$ * 5,000 wp

=10,000 $
The cost of PV system components and installation in Hamdi mango
municipality can be calculated using the same way explained before, so
System components and installation cost= 40,000 $

Table (3.3): Investment cost of On-Grid PV system in each selected

public building
Building Investment cost $
AL- Razi school 15,730.5

Khawlah Bint Al-Azwar school | 15,730.5
Baga alshargia municipality 10,000
Qabalan municipality 10,000
Hamdi mango municipality 40,000

Now, we will calculate saving in each of the selected public buildings
Saving = output energy from PV per year x feed in tariff /KWh (3.4)
Saving = Epy X Ziarif

Where:

Erv: Energy from PV panels, Epy is taken from table (2.9) in previous
chapter.

Ziari: cost of kwh in NIS.

As an example:
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Saving in Al-Razi school = Epy X Zarit
=11,243.6 kwh/year x0.65 NIS/kwh
=7308.34 NIS/year
So, saving in the buildings is shown in table 3.4:

Table (3.4): saving in public buildings

Building Erv kwh/year | Ziari Saving NIS/year
NIS/kwh

AL- Razi school 11,243.6 0.65 7308.34

Khawlah Bint Al-| 11,563 0.65 7515.95

Azwar school

Baga alshargia | 8,521.9 0.65

municipality 5539.235

Qabalan municipality | 8,131.6 0.65 5285.54

Hamdi mango | 29,292.8 0.65

municipality 19040.32

Now, the S.P.B.P in each building will be calculated using equation (3.1) as
shown in table 3.5:

Table (3.5): SPBP in each selected public buildings

Investment Savin SPBP
Public building | Investment $ | NIS (1$=3.77 J

NIS) (NIS/year) | (year)
AL-  Razi | 1573058 | g5, 730834 | 8.1
school
Khawlah Bint
Al-Azwar 1573058 159304 751595 |4 g9
school
Baga alsharqia |,  5q0¢ 37.700 5,539.235 | 6.8
municipality
Qabalan 10,000% 37.700 528554 | 7.1
municipality
Hamdi mango |, 5q0¢ 150,800 19,040.32 | 7.92
municipality
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From previous results in table 3.5 we can see that S.P.B.P ranges from six to

Eight years which are suitable periods to recover the investment cost.

3.2 The life cycle cost
In this section life cycle cost will be defined and calculated to the systems in
the selected buildings.
Life cycle cost is the sum of all present worth (PW) of all components that
consists of initial costs, running (maintenance and operating costs) and
salvage costs.
1- Initial cost of on-grid PV system
This cost includes the costs of the components (which include PV
panels, inverter, wires, meters and other components) and the
installation of the system. These costs depend on the size and the kind
of the system.
So, the initial cost is the overall sum of all previous costs, which can
be calculated using equation (3.2) as explained before in section 3.1:
Initial cost= ) components costs + installation (3.2)
e Initial cost of PV panels:
This cost depends on the size and kind of the panel, the size of
the panels is chosen according to the peak watt at STC (standard
conditions).

e [Initial cost of on-grid PV inverter
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It is available in different sizes, types and costs. The size of the
inverter is depending on many parameters including efficiency,
capacity, protection and other parameters.
e Other initial costs
There are many other initial costs which are different from
system to another depending on the needs of the project, the size
of the system and if the project is for public or private use.
These costs may include shipping, accessories, wires and other
Ccosts.
2- Operation and maintenance costs of on-grid PV system
Which are called running cost. These costs are calculated after the
installation of the system to run the project for certain number of years.
They are often found by multiplying initial cost by 2%.
3- Salvage cost of on-grid PV system
This cost is considered as the value of the project at the end of its life
cycle- Life cycle of the PV system is approximately 25 years- Which
is around 15% of initial cost of on-grid PV system. [26]
After determining all previous costs, we can draw cash flow for the project.
Figure (3.1) shows the cash flow of the project, which represents initial,

running and salvage costs of the project:
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Fig (3.1): Cash flow of the project

To be able to calculate the annual series (AW) of cash flow in figure (3.1) we

start with converting all costs to present worth (PW) using equation (3.5):

The life cycle cost of on-grid PV system= initial cost + present worth of

running cost

- present worth of salvage value. (3.5)

The life cycle cost of on-grid PV system= initial cost + running cost x (P/A,

I, n) - salvage valuex (P/F, i, n)

A (P/A, i, n): uniform series present worth factor.

A : starts at the end of the first year and continues n years.
(P/A) can be found using the equation (3.6):

P= A[((1+)"-1)/i(1+i)"] , i0 (3.6)
i=10%

n= 25 years

F (P/F, i, n):the single- payment present- worth factor.

(F/A) can be found using the equation (3.7):

P=F [1/(1+i)"] (3.7)
Then we will find the annual worth of the cash flow using
equation (3.8):

AW = PW (A/P, i, n) (3.8)
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We can use tables of factors in order to simplify the
calculations- appendix A.

Then the energy unit price calculated from equation (3.9):

(NIS/KWh) = v

TotalyearlyKWhproduced

(3.9)

As a case study, this economical study will be applied on the previously
chosen public buildings- 2 schools and 3 municipalities.
Starting with the public schools, both Al-Razi and Khawlah Bint Al-Azwar
have the same PV system size, and approximately the same conditions, so
the same calculations will be applied on both.
1- Initial cost
Initial cost was calculated in previous section 3.1 in table (3.3)
2- Operation and maintenance costs
As we mentioned before it equals 2% of initial cost.
Operation and maintenance costs= 2% x15,730.5 $=
314.61 $
3- Salvage cost
It equals approximately 15% of initial cost.
So,
Salvage cost = 15% x 15,730.5%=
2,359.575 $

So the cash flow of this system can be drawn as seen in figure (3.2):
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Salvage cost=
2,359.575 S

I

1 ) e eseesseestesssassasssossesseastessssssassosssssstesstans 75 >
v Vv v
Running cost=314.61
S

Investment cost=
15,730.5$

Fig (3.2): Cash flow of public schools
Calculation of present worth:
PW = initial cost + present worth of running cost - present worth of salvage
value
PW = initial cost + running cost x (P/A, i, n) - salvage valuex (P/F, i, n)
PW = 15,730.5 + 314.61 x (P/A, 10%, 25) - 2,359.575 x (P/F, 10%, 25)
The factors in the above equation is taken from appendix A:
PW =15,730.5 + 314.61 x 9.0770 - 2,359.575 x 0.0923
PW =18,368.43 $
AW = PW (A/P, i, n) = PW (A/P, 10%, 25)
From appendix D, the term (A/P, 10%, 25) equals to 0.11017, then:
AW =18,368.43 x 0.11017= 2,023.65 $

Total energy yield from public chosen schools for the first year is as follows:

Table (3.6): Total energy yield from public chosen schools for the first

year
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School Energy yield from PV system Epy
(kwh)

AL- Razi school 11,243.60

Khawlah Bint Al-Azwar school | 11,563.00

Finally the cost of 1 KWh from the on-grid PV system in public schools
calculated by equation (3.9) is as follows in table (3.7):

Table (3.7): Cost of 1 KWh from the on-grid PV system in public schools
School Cost of 1 KWh (3)
AL- Razi school 0.179982
Khawlah Bint Al-Azwar school | 0.175011

Since 1$=3.77 NIS, so:
Table (3. 8): The cost(in NIS) of 1 KWh from the on-grid PV system in

public schools

School Cost of 1 KWh (NIS)
AL- Razi school 0.678532

Khawlah Bint Al-Azwar school | 0.659791

Now, the same calculations will be made on the selected municipalities:

Qabalan municipality, Hamdi Mango municipality and Baga alshargia

municipality. Both Baga alshargia and Qabalan municipalities have the same

size which is 5KWp system and Hamdi Mango municipal size is 20 KWhp.
1- Initial cost

Initial cost was calculated in previous section 3.1 in table (3.3)

2- Operation and maintenance costs calculated as mentioned before
Shown in table 3.9
Table (3.9): Operation and maintenance cost in each selected

municipality
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Municipality Initial cost $ | Operation and
maintenance costs $

Baga  alshargia | 10,000 2% x 10,000=200

and Qabalan

municipalities

Hamdi mango | 40,000 2% x 40,000=800

municipality

3- Salvage cost
It equals approximately 15% of initial cost.
So,
Salvage cost = 15% x initial cost,
Shown in table 3.10

Table (3.10): Salvage cost in each municipality

Municipality Initial cost $ | Salvage cost $
Baga  alshargia | 10,000 1,500

and Qabalan

municipalities

Hamdi mango | 40,000 6,000
municipality

So the cash flow of these systems can be drawn as seen in figure (3.3) and

figure (3.4)

Salvage cost=

1,500 ST

Running cost=200 S

Investment cost=
10.000 S

Fig (3.3): Cash flow of Baga alshargia and Qabalan Municipality
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Salvage

Running cost= 800$

Investment cost=
40,000 S

Fig (3.4): Cash flow of Hamdi Mango Municipality

Calculation of present worth, using above equations:
The results are shown in table (3.11)
Table (3.11): Present worth of PV systems in selected public

municipalities
Municipality PW (%)

Baga alshargia and| 11,676.95$%
Qabalan municipalities
Hamdi mango | 46,707.8 $
municipality

The annual worth will be calculated:

AW (Baga alshargia and Qabalan municipalities) = 1,286.4%

AW (Hamdi mango municipality) = 5,145.8%

Total energy yield from public chosen municipalities for the first year are as
in table 3.12:

Table (3.12): Total energy yield from public chosen municipalities for

the first year

Municipality Energy yield from PV system Epy
(kwh)

Baga alshargia 8,521.90

Qabalan 8,131.60

Hamdi mango 29,292.80
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Finally the cost of 1 KWh from the on-grid PV system in public
municipalities is as in table 3.13:

Table (3.13): The cost($) of 1 KWh from the on-grid PV system in public

municipalities

Municipality Cost of 1 KWh ($/Kwh)
Baqga alshargia 0.150952
Qabalan 0.158198
Hamdi mango 0.175668

Since 1$=3.77 NIS, so:
Table (3.14): The cost(NIS) of 1 KWh from the on-grid PV system in

public municipalities

Municipality Cost of 1 KWh (NIS/Kwh)
Baga alshargia 0.56909

Qabalan 0.596405

Hamdi mango 0.662267

We can see that cost of kwh in both schools and Hamdi Mango is more than
0.65, which refers to high investment cost, since the elements were chosen
with best criteria . So if the same study is made on the same buildings with
different elements the cost will be lower.

And we have to take into account that the investment cost wasn't paid by the
schools or municipalities , it was paid from external donor.

3.3 Comparison between the consumption of electricity from the
network before and after the installation of PV system

In this section, we will make a comparison between the consumption from
the network in public buildings before the installation of on-grid PV system
and after it. This comparison will be presented through the bills before and

after operating the systems.



54
The total bill of consumption from network=E x Z (3.10)
Where :
E: Energy consumed from network
Z: The cost of kwh in NIS
And after installing the PV system " using net metering policy" :
The total bill of consumption from network= (E x Z) - (EPV xZ)  (3.11)
Where :
E: Energy consumed from network (taken from bills)
Erv: Energy from PV
Z: The cost of kwh in NIS
As an example, we will calculate the bill of Al-Razi school before and after
installing On-Grid PV system and compare between the results.
Before installing the PV system:
The total bill of consumption from network = 35,497 kwh/year x 0.65
NIS/kwh
=23,073.05 NIS / year
After installing the PV system =23,073.05 NIS / year - 7,308.34 NIS/ year
=15,764.7 NIS/ year
Then we will calculate the percentage of reduction
percentage of reduction= (Bill before- Bill after) / Bill before x100% (3.12)
As an example, in Al-Razi school:
percentage of reduction = (23073.05 - 15764.71) / 23073.05 x100%
=31.7%
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Figure (3.5) shows the difference in bills before and after using On-Grid PV

cells

Bill of consumption from network before and after using
on-grid PV system

2 . —
5,000.00 Befare PV cells

20,000.00

After PV cells
15,000.00

10,000.00

5,000.00

Bill s of consumption from network (NIS)

0.00

Fig (3.5): Comparison between bills before and after using On-Grid PV cells in Al Razi

M1 INaci dulivui

In the same way the other bills were calculated as shown in table (3.15)
Table (3.15): Bills in selected public buildings before and after installing

On-Grid PV systems and the percentage of reduction in the bills.

Public Bill Dbefore the | Bill after the | Percentage
building installation (NIS) | installation | of reduction
(NIS) %
1 |AL- Razi
school 23,073.05 15,764.71 31.7
2 | Khawlah Bint
Al-Azwar 23,728.49 16,212.54 31.7
school
3 | Bagaalshargia
municipality | 11,050 5,510.77 50.1
4 | Qabalan
municipality | 9,100 3,814.46 58.1
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5 | Hamdi mango
municipality | 85,150 66,109.68 22.4

90000

80000

70000

60000

50000

m bill before

m bill after 40000

30000

- 20000

- 10000

5 4 3 2 1

Fig (3.6): Difference in consumption in public buildings before and after installing PV
svstems

From figure 3.6 we can see that the consumption from network after
installing On-Grid PV systems is reduced in all the public buildings. Also
we can see that the percentage of reduction in consumption from network
ranges from 22 to 58 %, of course it depends on the capacity of PV system

installation.

3.4 Feasibility study of using On-Grid PV systems in public
buildings by using net present value

In this section a visibility study will be made on the selected public schools
and municipalities by calculating the net present value - present worth (PW)
for each On-Grid PV system in these buildings. If PW > 0 then the project is
feasible, but if PW<O0 the project is not feasible. This study will be made to

give a vision for future similar projects.
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To calculate the net present value PW we have to find all the costs in present
time, these costs are:

1

Initial cost of on-grid PV system

2- Operation and maintenance costs of on-grid PV system

3- Saving

4- Salvage cost of on-grid PV system

Cash flow can be drawn as seen in figure 3.7

Salvage cost

Savings T

A\

e
@
e
&

Operation and maintenance
costs

Investment cost

Fig (3.7): Cash flow of On-Grid PV system in public building

(97 o

Initial, operation and maintenance, saving and salvage costs were calculated

in sections 3.1 and 3.2.

The next table 3.16 shows all these costs and savings.
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Table 3.16): The Costs and Savings of ON-Grid PV systems in selected

public buildings

Public Initial  cost | Running cost
building $) $)

AL- Razi
school
Khawlah
Bint Al-
Azwar
school

Baga
alshargia 10,000 200 1469.293 | 1,500
municipality
Qabalan
municipality
Hamdi
mango 40.000 800 5050.483 | 6,000
municipality

Salvage cost
(%)
15,730.5 314.61 1938.552 | 2,359.575

Saving (3$)

15,730.5 314.61 1993.621 | 2,359.575

10,000 200 1402 1,500

The net metering "PW" for each system in chosen public building will be
calculated using the following equation :

PW-= - initial cost —present worth of running cost + present worth of saving
+ present worth of salvage cost (3.13)
PW = -initial cost - running cost x (P/A, i, n) + saving x (P/A, i, n) + salvage
value x (P/F, i, n)

As an example PW will be calculate for Al-Razi school

PW = - 15,730.5 - 314.61 x (P/A, 10%, 25) +1,938.552x (P/A, 10%, 25) +
2,359.575 x (P/F, 10%, 25)

PW = - 15,730.5 - 314.61 x 9.0770 + 1,938.552% 9.0770 + 2,359.575 x
0.0923

PW=-772.19 %
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The same calculations were made on the other systems and we had the results
shown in table (3.17):

Table (3.17): Net present value ""PW" of systems in selected public

buildings

Building PW (%)

AL- Razi school -772.19

Khawlah Bint Al- 979308
Azwar school

Baga  alsharqia | )50 gog
municipality

Qabalan 1049.004
municipality

Hamdi  mango | 55495 43
municipality

Since PW in each of the public municipalities is >0, then ON-Grid PV
system in each of the public municipalities is feasible.
But we can see that PW in each of the public schools is < 0, this is due to

additional cost of PV components in these systems.
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Chapter Four

Environmental impacts of using
On-Grid PV system in public
buildings
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The purpose of this chapter is to show the differences in CO, emissions and
other effects on environment between using solar energy and coal power
plant and using only coal power plant to cover the consumption in selected
public buildings.

In Palestine, most of the consumption of electricity is covered by Israeli's
electrical generation stations most of them runs by coal and natural gas [27],
whereas few consumptions amounts are covered by Jordanian’s and

Egyptian’s electrical generation stations.

4.1 Impacts of conventional power plants

Laws have restricted the usage of power plants to protect environment and

humans. There are many environmental impacts on burning fossil fuels and

coal. We will be explaining each as follows:

1- Air emissions
Carbon  dioxide, sulfur  dioxide, nitrogen  oxides, and mercury
compounds are released when burning coal. So, for the huge amount of
emissions released we need control devices to reduce these emissions.
additional emissions are cause while mining, cleaning, and transporting
coal to the power plant generate

2- Water resource use
to remove impurities from coal at the mine and burning process in power
plants, we use large quantities of water. We also use water for producing

steam and for cooling. When water is withdrawn from a lake or river, fish


http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Clean%20Energy%20Glossary
http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Clean%20Energy%20Glossary
http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Clean%20Energy%20Glossary
http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Clean%20Energy%20Glossary
http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&vocabName=Clean%20Energy%20Glossary
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and other aquatic life can be affected, as well as animals and people who
depend on these sources.

3- Water discharge
Water used in the power plant boiler and cooling system becomes
polluted. If the water used in the power plant is discharged to a lake or
river, the pollutants in the water can harm fish and plants. Further, if the
coal stored in piles outside the power plant is exposed to rain, the water
that runs off these piles can flush heavy metals from the coal, such as
arsenic and lead, into nearby bodies of water. Coal mining can contribute
in contaminating bodies of water with heavy metals when the water used
to clean the coal is discharged back into the environment. This discharge
usually requires a permit and is monitored.

4- Solid waste generation
Coal combustion residues account for 90% of all fossil fuel combustion
wastes produced, only about 20% of these wastes are utilized! The major
potential impacts of ash disposal on terrestrial ecosystems include:
leaching of potentially toxic substances into soils and groundwater;
reductions in plant establishment and growth due primarily to adverse
chemical characteristics of the ash; changes in the elemental composition
of vegetation growing on the ash; and increased mobility and
accumulation of potentially toxic elements throughout the food chain. Ash
disposal in landfills and settling ponds can influence adjacent aquatic
ecosystems directly, through inputs of ash basin effluent and surface

runoff, and indirectly, through seepage and groundwater contamination.
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Major impacts are generally associated with changes in water chemistry,
including changes in pH and concentrations of potentially toxic elements.
Using ash as a soil amendment can improve soil texture and water-holding
capacity, increase soil pH, and enhance soil fertility. [28]

5- Land resource use
various pollutants from the coal may cause the soil at coal power plant
sites to become contaminated and take a long time to recover, even after
the power plant closes down. Coal mining and processing also have
environmental impacts on land. Surface mining disturbs larger areas than

underground mining.[29]

4.2 Environmental impacts of using PV solar cells

Producing electricity using solar cells have environmental impacts. We will

explain them thoroughly in the following points:

1-Water use
water is not used in generating electricity, but it's important in all
manufacturing processes of PV cells and in cleaning. the amount of water
used is very small compared with the amount used for producing
electricity from coal power plant, so we can neglect it. But what we must
take into consideration is that the water used by some solar thermal
systems can be reused.

2-Hazardous materials
The PV cell manufacturing process includes a number of hazardous

materials, most of which are used to clean and purify the semiconductor
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surface. These chemicals, similar to those used in the general
semiconductor industry, include hydrochloric acid, sulfuric acid, nitric
acid, hydrogen fluoride, 1,1,1-trichloroethane, and acetone. the type of
cell, the amount of cleaning that is needed, and the size of silicon wafer
are what determines the amount and type of chemicals used. Health risks
may face workers associated with inhaling silicon dust. Thus, PV
manufactures must follow U.S. laws to ensure that workers are not harmed
by exposure to these chemicals and that manufacturing waste products are
disposed of properly.

Thin-film PV cells contain a number of more toxic materials than those
used in traditional silicon photovoltaic cells, including gallium arsenide,
copper-indium-gallium-dieseline, and cadmium-telluride. If not handled
and disposed of properly, these materials could pose serious
environmental or public health threats. However, manufacturers have a
strong financial incentive to ensure that these highly valuable and often
rare materials are recycled rather than thrown away.[30]

Since Photovoltaic panels contains hazardous materials there is the
probability for environmental contamination if they were damaged or
improperly disposed upon decommissioning. Concentrating solar power
systems may employ materials such as oils or molten salts, hydraulic
fluids, coolants, and lubricants, that may be hazardous and present spill
risks. So we need proper planning and good maintenance practices to

minimize impacts from hazardous materials. [31]
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3-life cycle global warming emissions
Generating electricity from solar energy doesn’t have global warming
emissions, but there are other emissions associated with other stages of
the solar life-cycle, including manufacturing, materials transportation,
installation, maintenance, decommissioning and dismantlement.
there are many estimates for the average of co2 emissions, but the average
1S (0.6- 2lbs of CO, E/kwh) and coal(1.4-3. 61lbs of CO,E/Kwh).[30]
4-Climate change
Climate change has been considered as a natural threat to human
development exceeds a natural problem into a crisis. so, there has been a
growing international awareness towards it.
Solar power is described as a zero emissions form of energy, and green
house gases from it are negligible. However, as has been mentioned
before, we have gases emitted at other stages.

5-Land use
On-grid PV system size ranges from a small distributed rooftop PV arrays
to large utility-scale PV and CSP projects,which plays a great role in the
level of environmental impacts
Depending on their location, larger utility-scale solar facilities can raise
concerns about land degradation and habitat loss. The total land used when
installing the on-grid PV system depends on the technology, the
topography of the site and the intensity of the solar resource
Unlike wind facilities, there is less opportunity for sharing land with

agricultural uses along with solar projects, but we should take into
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account that land impacts from utility-scale solar systems can be
minimized through sitting them at lower-quality locations such as brown
fields, abandoned mining land, or existing transportation and transmission
corridors. Smaller scale solar PV arrays, which can be put on roof top
takes negligible area, so we don't need special land to produce electricity
as power plants. [30][31]

6-Visual
There are different perspectives towards solar panels. some are positive.

others are negative. it’s a largely a matter of opinion..[31]

4.3 Environmental impacts of using PV solar cells in selected
public buildings

The production of CO, emissions will be calculated before and after
installing On-Grid PV systems in public buildings. Production of CO,
emissions before installing On-Grid PV systems in public buildings are from
burning coal and natural gas in power plants, since electricity in west bank
consumes electricity from Israeli coal and gas power plants. Production of
CO; emissions after installing On-Grid PV systems in public buildings are
from both power plants and solar cells. [27]

Starting with calculations of the expected amounts of CO, emissions
reduction. As an example,

For Al-Razi school reduction of CO, emissions expected is calculated as
shown in equation (4.1):

Reduction in CO, emissions (Kg) = 0.7 kg/kwh x Epy kwh (4.1)
Reduction in CO; emissions (Kg) = 0.7 kg/kwh x 11,243.60 kwh
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Reduction in CO, emissions (Kg) = 7,870.52 kg

The same calculations was made for the other buildings and the results were
as shown in table 4.1:

Table (4.1): Expected reduction in CO2 emissions in selected buildings

public building | Epy kwh eﬁg‘;fgg‘ké}” CO;
AL- Razi school |11,243.60 7,870.52

Khawlah Bint Al-

Azwar school 11,563.00 8,094.10

Baga ~ alsharqia | ¢ o g, 5,965.33
municipality T o

Qabalan 8.131.60 5,692.12
municipality

Hamdi  mango | ,g o9, g 20,504.96
municipality

The total amount of reduction in CO, emissions will be 48,127.03 kg.
Other environmental impacts of PV power systems on environment are:
1) Water use, we can neglect this amount since we don't manufacture and
the need for water is only for maintenance and cleaning.
2) Hazardous materials, no manufacturing so no hazardous material
released, but if they were damaged or improperly disposed upon
decommissioning.
3) Land use, no land use because it's installed on roof top.
4) Climate change, emissions form of energy, and green house gases
from it are negligible, so it has no negative effect on climate change.
The results can be summarized as seen in table 4.2:
Table (4.2): The environmental impacts of using coal power plant vs PV

system
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Coal Power

Solar Cells
Plant
Emissions More Less
Water Higher Lower
Solid waste ng_her and more Lower
toxic
Land use Wider No use
Climate change | High effect No effect




69

Chapter Five

Social impacts of using On-Grid
PV system in public buildings

In this chapter we will be talking about social impacts of using On-Grid PV

system in public buildings and see the awareness about like these projects.
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Solar energy plays big role in different sectors in the society. One of the

Important sectors is the social one, since it affects it in several ways, which

are:

1-

Job Creation

When cities or companies decide to build and operate solar energy
facilities, the projects often help to create numerous jobs. For instance,
workers are needed to plan the project, develop and implement the
project, build the solar energy plant, manage the equipment and operate
the facility. Thus, many new jobs can be fulfilled by workers as a result
of a city or state using solar energy facilities to generate electricity for
the area, and this would in turn help decrease the unemployment rate of
the given area.

Economics

With more people able to find employment as a result of the increased
number of jobs created by the development and operation of solar energy
panels, more people would have money to contribute the the nation's
economy.

Health

Generating energy from solar panels emits very little pollution into the
air, and thus solar energy is a much cleaner source of energy than the
burning of fossil fuels. Cities or areas that decide to use solar energy to
power the buildings would thus enjoy a cleaner quality of air in the
region, which in turn can make the citizens and workers in the area more

healthy. [32]
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This technology will be affected by the culture of the population and their
awareness for like these projects. Since culture and awareness of people
plays big role in the spread and use of solar cells.
To study the public opinion and the interests of people towards projects
concerned with saving energy, we have carried out a quick survey on
buildings where On-Grid PV system is implemented through asking
employees different questions. Through the given questions, we wanted to
know whether these buildings benefited from On-Grid PV systems, and we
also wanted to measure people’s awareness of renewable energy
importance.
Our first question was concerned with how much did the solar cells
affected public and governmental buildings, whether there were benefits
behind implementing such systems on these buildings and whether there
were differences on the electricity bills before and after installing such
systems.

the results were as figure 5.1 shows:
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Do PV cells economize the electricity
bill?

ml vyes
m2 No

Fig (5.1): The percentage of people agreeing on the economization of on-grid PV
system.

We found out that the general opinion of these employees in those buildings
is that On-Grid PV cells do affect the bills effectively. the percentage of those
employees was 73.7% whereas 26.7% see that there is no difference on the
bills. As we can see, 73.7% is such a great percentage that shows how well-
aware they are of their economic feasibility.

Since the project has been implemented on schools and since students play a
major role in saving energy we see that it’s a must to get the students
involved and to spread the awareness among them. So, our next question was
about whether these schools teach their students about renewable energy.

The results were as figure 5.2 shows:
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Do PV cells play a role in educating
students/ teachers the importance of
renewable energy?

m1l vyes
m2 No

Fig (5.2): The percentage of people agreeing on the role of on-grid PV system in educating
students and teachers the importance of renewable energy

With 63.3% yes responses and 36.7% no responses, we conclude that we
need to raise our students’ awareness of the renewable energy importance.
More efforts should be invested in our students so that they could see the
benefits of saving energy.

After installing these systems, We wanted to see whether the employees
think that implementing such systems plays a factor in achieving property

and development. The results were as figure 5.3 shows:
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Do you see importance to like these
systemsin development?

ml yes
®2Z No

Fig (5.3): The percentage of people seeing that installing on-grid PV system plays a role
in the development.

83.3% agreed upon the fact that installing such systems do play a great factor
in achieving prosperity. Whereas, 16.7% denied that fact. We can conclude
that for a country to accomplish its own development and prosperity, it must
take into consideration saving energy and expanding the use of renewable
energy resources instead of relying on other traditional resources. We also
wanted to know whether these employees see that it’s important to install
such systems not only economically, but also environmentally and socially.
The results were satisfying. 76.7% affirmed that it is important to implement

such systems. only 23.3% disagreed. The results were as figure 5.4 shows:
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Do you see importance to install like
these systems?

ml yes

m2 No

Fig (5.4): Percentage of people agreeing on the importance of on-grid system

Saving the environment and its volatile resources is our aspiration, so we
wanted to know if installing such system helped in grabbing the attention
towards the environment and its resources. We asked the employees and the
results were not as they were supposed to be. only 46.7% answered
affirmatively. 53.3% disapproved. As we can see, we need to spread the
awareness and do our best to teach people about the importance of such
systems in saving environment and its resources. The results were as figure

5.5 shows:
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Does this system make attention
towards the environment and its
resources?

m1l vyes
m? No

Fig (5.5): The percentage of people agreeing on whether the system grabs attention
towards the environment and its resources

The reason behind the dissatisfying result maybe because of the limited
number of buildings that installed such systems. therefore, little information
about economical feasibility was spread. So we asked whether installing
such systems encouraged others to install such systems. The results were as
predict. Because of high initial costs- all the costs are compensated after the
payback period. 53.3% disapproved .

Students are generally curious about anything they see and they don’t know,
we wanted to know whether the existence of P.V system has made the
students curios enough to learn and search about the renewable energy, so
we asked them whether the P.V cells play a role in educating students about
the importance of renewable energy. 76.7% expected that the existence of
such system affected students and arouse their enthusiasm about learning
more how to conserve energy. 23.3% said that it had no effect. The results

were as figure 5.6 shows:
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Do PV cells play a role in educating
students/ teachers the importance of
renewable energy?

Bl vyes
m2 No

Fig (5.6): The percentage of people seeing that On-grid PV system plays many roles in
educating students about energy.

We also wanted to see whether people see the importance of expanding the
use of such systems. 80% said it’s a necessity for the sake of saving the
money, earth and its resources. 20% said there is no need to do so. The results

were as figure 5.7 shows:

Do you see importance to expand the
use of these systems?

m1l yes

B2 No

Fig (5.7): The percentage of people seeing the importance of using on-grid PV system

We also asked the employees if you can afford installing such systems and

have all the requirements needed, would you install it or not. 63.3% saw that
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they would definitely do so. 36.7% said they wouldn’t because there are

many things more important in their point of view. The results were as figure

5.8 shows:
If you have the possibilities will you
install similar system?
m1l vyes
B2 No

Fig (5.8): The percentage of people that would install such systems if they have the
possibilities to do so

Through our public opinion survey we can conclude the advantages and

disadvantages of P.V system.

The advantages are as follows:

1. PV system saves money since it reduces the bills of electricity

2. PV system plays role in educating students the importance of it in
protecting the environment from pollution

3. PV system reduces the consumption of energy

The disadvantages of these system are

1. The investment cost is very high compared to the financial affordability
of people.

2. The need of empty spaces which are not shaded

3.When electricity is off the system also turns off.
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Chapter Six
Conclusions and future scope of
work
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6.1 Conclusion

Our purpose for this thesis was to study the feasibility of installing on-grid
PV system on public buildings and its social, environmental and economic
influences. Through our work, we have reached to a clear conclusion for how
much effective and beneficial these projects are in the above mentioned
dimensions.

From this research it’s obvious that installing on-grid PV system in public
buildings affect social, economic and environmental aspects of life in a
society.

Economically, we found out that the investment cost can be paid back
between 6-8 years and that refers to the size and the energy production of the
system. We studied the feasibility of the projects and found out that they are
economically beneficial. the difference on the bills before and after installing
the system can be easily observed. We also found out that the percentage of
reduction in the bills ranges from (22-58) %.

Concerning the social influences, we figured out that the existence of such
systems raised the awareness of students of the importance of renewable
energy band its positive impacts on the environment. Moreover, people in
the chosen buildings realized the noticeable impacts of such systems in the
process of country development. As a result, such systems raises the

enthusiasm of saving energy and using more clean energy.



81

6.1 Future scope of work

After our deep work and calculations, we have reached to many conclusions.
We have some recommendations concerning what should be done.

1. Through surveying people's opinion, we found out that the
awareness of renewable energy and its importance has to be
increased. So, efforts must be put towards working on raising
people's awareness.

2. Encouraging the investment in such projects. Not only
economic, also environmentally impacts will be gained by

increasing the number of such projects in the society.
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Appendix B

Some school bills
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