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50% Green Electricity for Lebanon Towards 2050

Abstract

In the recent years, the Lebanese economy has been heavily crippled by energy and
electricity demand. In fact, since the early 2010s, around a quarter of the national budget
deficit is used up by fuel oil imports, with the energy demand rising steadily due to
population and economic growth all the while electricity generation is not made any
better, resulting in it falling short when compared to the total demand. Most households
are only provided with around 12 hours of electricity from the public sector. To close this
gap, private producers provide energy and electricity that the state is not able to.
However, this is neither beneficial for consumers nor the state, nor is it sustainable since
all these energies come from fossil fuels.

Lebanon needs new, cleaner, and completely local energy sources, which is why this
study revolves around the diverse ways of generating electricity and how these can be
applied within the Lebanese territory, aiming for those to make up for 50% of the
demand in 2050.

The aim of this project is to achieve the 50% renewable energy goal. For this reason,
four different energy sources have been reviewed, not considering combustible fuels and
the already present hydroelectric power.

Using this information, while also looking at multiple completed studies which cover the
relevant subjects, we were able to determine the production capacity and possible
locations for the chosen energies, considering a demand growth scenario which was set
using population and economic expectations in the coming years, up until 2050.

The energies turned out to be biomass, offshore wnd, photovoltaic farms and
concentrated solar power, which were compared in terms of cost to the current thermal
and hydroelectric production. Using an algorithm, we developed, this cost analysis was
made possible by estimating the cost of installation of the production which would
require little to no further investments unlike current plants which require a constant
stream of combustible that expensive and cause huge environmental risks. This was
only possible after defining the maximum production capacity of each source as well as
defining the locations and justifying the choices.

Finally, we devised a grid plan in order to optimize electricity distribution between the
different production lines including privately owned photovoltaic setups and combustion
generators for an opt in/opt out system.

This study, if applied correctly would make the Lebanese government able to provide for
its people while solving other issues such as waste management and the environmental
crisis that Lebanon is going through.
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1 Introduction

Renewable energy (RnE) production is at an all-time high and is only set for even more
growth in the coming years [1]. These energy production methods are becoming more
efficient and affordable to both governments and the general public. A lot of research is
being conducted in that domain due to their crucial part in creating a sustainable
civilization, as it is the only structure capable of allowing humanity to prosper without
facing the dire consequences of our seemingly endless growth. This energy is present in
many forms: geothermal heating, hydrogen cells (for electric cars), solar panels, etc.
This study will focus on the feasibility of integrating green energy in the pre-existing
Lebanese electricity network on a national scale. Lebanon has been suffering of
electricity shortages for almost half of a century now, with a government incapable of
providing 24 hours of electricity and having the citizen resort to private generator owners
to consistently have one of the most basic needs in the 21st century.

In addition to that, and according to the World Health Organization (WHO), the air
pollution concentration in Lebanon is three times the recommended maximum on
average, especially in the more urbanized area such as Beirut, Zahle, Saida and
Baalbeck [2]. Both of these issues cannot be eradicated but at least mitigated by
transitioning a part of the electricity production from traditional combustion to different
types of RnE.

The aim of this project is to achieve 50% green energy of the general usage in Lebanon
by 2050. The study will focus on different ways to produce electricity with RnE and finally
select the most suitable options for Lebanon’s needs. The criteria for the selection will be
as follows: cost efficiency, bulk production, its energy efficiency and their suitability to fit
the geographic and topologic situation of the country. The verdict will be made using an
algorithm that will be developed to compare the different prices of kilowatt hour
production and the return-on-investment time of each one of the chosen energy sources.

2 Project Facts and Figures

List all the project members, their disciplines, and the topic they have worked on.

Name Affiliation Topic

Anthony Najjar | Génie Mécanique Implementation of CSP and PV

Gilbert Chedid | Génie Mécanique Implementation of Biomass and

El Helou Offshore Wind Farm

Sarkis Génie Mécanique Research and Requirements

Mardirossian

Samer Khallouf | Génie Logiciel Developed  Economic  Study
Algorithms

Clara Chelala Geénie Logiciel Developed  Economic  Study
Algorithms

Table 1 Project Members
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Summarize the project meetings

Meeting | Participants Place Discussed topics

Number

1 All Members | ESIB -  Mar | Project constraints, software tools,
(Supervisor Roukos architecture plans, supervisor
Present) expectations

2 All Members ESIB -  Mar | Further discussion on implementation,

Roukos Economic Study

3 All Members | Teams Recapitulation in order to continue
(Supervisor
Present)

4 Mechanical Mansourieh First Implementations and Summary
Engineering of background research
Students

5 Mechanical ESIB -  Mar | Briefing with supervisor concerning
Engineering Roukos results of previous meeting.
Students
(Supervisor
Present)

6 All Members Ain Saadeh Economic study, use of algorithms

7 All Members | ESIB -  Mar | Briefing with supervisor concerning
(Supervisor Roukos results of previous meeting.
Present)

8 All Members Zouk Finalization of Economic study

Table 2 Project meetings

3 Background/Research

With the increasing threat that is climate change and resource scarcity, research
teams around the world are working in order to ensure the development of humanity by
replacing parts of our daily lives by their sustainable counterparts. For instance, internal
combustion engines are more and more being replaced by electric motors in cars [3] for
the most part and hydrogen fuel cell in some instances. This is due to the fact that
combustion engines, despite being more efficient and easier to maintain, run on non-
renewable energy in the form of gasoline that is burnt, creating more air pollution,
alongside being from a finite source that is being exploited much faster than in
replenishes.

The same transition is being made to the production of electricity itself. Since it was
first discovered and experimented on by the likes of Nikola Tesla and Thomas Edison in
the late nineteenth century, electricity has been mostly produced through combustion of
coal and other fossil fuels [4] that suffer the same disadvantages as the gasoline used in
cars: pollution and uncontrolled exploitation of the Earth’s reserves. However, fossil fuel-
based electricity was not the only one we knew about as a lot of researchers were
looking into alternatives. For instance, in 1872, Wililam Armstrong discovered
hydroelectric power which generates electricity from the movement of water streams,
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which led to the opening of the first hydroelectric power station in 1882 [5]. In 1927, that
the first wind turbines were made available for purchases, but were still too expensive
and not efficient enough, as well as requiring a good amount of wind to actually be
useful.

During the twentieth century, a lot of advancements were made possible thanks to
solar power especially in space exploration where other ways of generating energy were
not available [6]. The real surge in RnE generated electricity started in the 1990’s when it
was made progressively available to the public sector. One can name the offshore wind
farm in Denmark, built in 1991 as one of the first real success stories of such methods

7).

In the following thirty years, renewable energy would see its production skyrocket,
passing benchmarks such as 100GW for solar energy as of 2013, with the popularity
one rising as countries distance themselves from fossil fuel energy as RnE became
increasingly efficient, with the aim of reducing air pollution and limit the need to rely on
importing the materials used to run non-renewable energy plants. All this exponential
growth in the RnE field was possible from investments from countries and companies
alike. Despite the pandemic, the world's renewable energy capacity increased by 45
percent in 2020, part of a "unprecedented boom" in wind and solar energy, according to
a new International Energy Agency research. It is the highest yearly pace of growth
since 1999 [8].

Notably, here are five of the biggest renewable energy companies in the world: the
one that stands at the top is none other than Ostred A/IS(DNNGY) a Denmark-based
multinational that mainly relies on wind power. It develops and builds offshore wind
farms. It has a revenue of $51.45 billion and net income of $7.68 billion. Iberdrola SA
(IBDRY) stands at second place. It is a Spain-based multinational company that
provides electric utilities. Its specialization is clean energy that includes onshore and
offshore wind, pumped hydro, solar photovoltaic and battery storage. It has a revenue of
$36.80 billion and a net income of $3.34 bhillion. At third place, we have JinkoSolar
Holding Co. Ltd. (JKS), a Chinese solar power company. It mostly produces silicon
ingots and wafers, solar cells and solar modules. It has a revenue of $33.95 billion and a
net income of $163.1 billion. In fourth place, Vestas Wind Systems A/S(VWDRY) a
Denmark-based energy company. It develops, manufactures and installs wind turbines.
It installed wind turbines in humerous countries across the globe. It has a revenue of
$15.2 hillion and a net income of $490 million. Finally, we have Siemens Gamesa
Renewable Energy SA(GCTAY) a Spain-based wind engineering company that mostly
sells inshore and offshore wind turbines, turbine gearboxes, off-grid and other related
equipment. It has installed products and technology in over 90 countries. It has a
revenue of $9.48 billion and a net income of -$920 million. [9]

Page 16 of 144



50% Green Electricity for Lebanon Towards 2050

4 Requirements and Constraints

4.1 Functional Requirements

Since this project is not about designing a physical product, there are no hardware
requirements to it. It consists of the study of different ways of producing electricity from
renewable sources and how to implement them in Lebanon.

The functional requirements begin with a full analysis of the current electricity
distribution network in Lebanon, more specifically what Electricité du Liban provides. It
will involve the repartition of the electricity supply and demands across the country to
know how to later transition 50% of that production into the chosen RnE sources.
Besides that, the private generator sector which currently delivers far more than EDL as
well as the private RnE production, currently on the rise, have to be taken into account
and either be kept unchecked or replaced by state provided electricity.

The analysis will be accompanied by a study of the different ways of producing
electricity from renewable sources for the purpose of looking at their implementation
within the Lebanese territory and the possibility of doing so, depending on the
requirements of each source.

Finally, an algorithm was developed to compare the costs and consistency of the
different approaches that can be taken to complete the objective by giving the area
required for the farms and calculate the time of return on investment of the project once
fully implemented. In addition, a smart grid system was devised that will connect small
local installations of RnE sources to the main network (Feed In/Feed Out) with smart
counters to regulate the pump/absorb energy according to the demand of the population.

4.2 Constraints

First off, the numbers used for the production and revenue of the plants will be that of
2018, 2019 and 2020 simply because the newer data is not yet available. This is an
issue because 2021 saw a drastic change in the way electricity distribution works, where
the power supply was cut to three hours a day and sometimes there was none at all due
to the fuel crisis. This sector was incredibly unstable, and the data would be completely
different from the previous years.

Secondly, as of November 2021, 82% of Lebanon is considered to be living in
poverty [10] which means that the already rampant tax and bills evasion is only going to
get worse in an already bankrupt and almost failed state. Realistically, implementing this
project would require a third party to donate enough money for the first investments and
expecting people to pay their electricity bills for the income calculations to be correct.
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Finally, with the steep decline of the value of the Lebanese Pound over the last two
years, the amounts discussed will differ in currencies where anything related to the
Lebanese state will be accounted for in LBP while the price of the hardware (plants,
solar panels, windmills, etc.) will be in US Dollars.

This project also must align with all the norms required by the Lebanese Government
when it comes to building, distributing and setting up a network as cited in the law 462,
and later overshadowed by law 288 of 2014 which stated that the Council of Ministers
(CoM) and the recommendations of the The Ministry of the Environment (MEW) and the
Ministry of Finance (MoF) would license Independent Power Producers (IPPs), thus
encouraging the private sector’s investment in RnE [11].

5 Project Management

Figure 1 Gantt Chart

6 Proposed Solution

6.1 Skills for Engineering Practice

In order to complete this project, the following engineering skills were used:
e Algorithm and Interface Development
o Demographic and Economic Estimations used to find out the expected growth
rate
e Economic Actualization used in the economic analysis
e Energy Calculations in the implementation process
e AutoCAD drawings for the wind farm sizing possibilities

To develop our interfaces, we chose to use python since our main goal is to draw bar
charts and do mathematic calculations and python is the best programming language for
this task. We used numerous libraries from python: the first being tkinter to create our
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interfaces and create a good design, the second is matplotlib to draw our bar charts and
finally the math library to be able to do complex mathematical calculation. The github
platform was also used in order to send/receive the newly updated version of the
application more easily.

The application developed can be divided into five main interfaces: the first being the
home page where the user can freely navigate between the calculators that he desires.
The second is the calculator of the cost of the KWh of each technology both in cashflow
(cost of KWh formula in the cost analysis section) and dynamic way (leveled cost cost of
KWHh). The third, is the calculator of the return on investment of each technology both in
cashflow (time of return on investment) and dynamic way (leveled time of return on
investment). The fourth is the calculator of emission of CO2 of each renewable energy
source and finally the last one is the cumulative discounted profit (equation: leveled
yearly benefit) for each renewable energy source.

6.2 Solution Specific Research

1. Energy Around the World, General Overview

Fossil Fuels

Because of their significant carbon emissions, or the amount of carbon dioxide released
into the atmosphere, fossil fuels are sometimes known as dirty energy sources. They are
made up of the fossilized, buried remains of animals and plants from millions of years
ago. Fossil fuels produce energy when they are burned. [13]

There are three main type of fossil fuels; petroleum, coal and natural gas.

* Petroleum is an umbrella term that includes products such as crude oil, which is
refined into more familiar fuels such as gasoline, jet fuel, kerosene, and diesel.

* Coal is arock that is found at the earth's surface and is one of the most abundant fossil
fuels on the planet. Surface mining (clearing away the top layers of rock and soil using
machinery) and underground mining are both used to extract it (using machines and
miners to remove coal deep underground).

* Natural gas is extracted in the same way as oil is. It is a mixture of gases trapped
beneath the earth's surface. Drilling and fracking advancements have revealed massive

natural gas reserves.

The primary cause of global warming is fossil fuels. When fossil fuels or dirty energy are
consumed, they produce significant amounts of toxic byproducts, particularly carbon
dioxide, which trap heat in the atmosphere and contribute to climate change. Fossil fuels
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can also pollute the air, water, and oceans, resulting in hazardous pollution. The most
effective strategy to reduce harmful carbon pollution that harms the environment is to
replace fossil fuels with renewable energy for power generation.

On the other hand, renewable energy includes sources such as sun and wind that occur
naturally and continuously and can play a big role by reducing greenhouse gas
emissions.

In comparison to fossil fuels, renewable energy, often known as clean energy, is
becoming a more essential source of power. Renewable energy is clean, safe, efficient,
and unlimited; it can be obtained practically anywhere in the world because every
country has access to sunlight and wind; and it is unquestionably less expensive
economically and environmentally than fossil fuels. [14]

The following tables show the emission factor for each technology, renewable and

nonrenewable technologies:

Technology Emission factor [Tonnes of CO2/MWh]
Heavy fuel 0.778

Diesel oil 0.778

Natural gas 0.443

Wind 0.001

Hydro 0.01

Solar PV cells 0.032

Biomass 0.23
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SOURCE OF ENERGY FOSSIL FUEL ALTERNATIVE RENEWABLE EMISSIONS LAND USE
Biomass X v v et FTEY Y
Coal v x b Senen 44
Hydro X v v > EE
Natural gas v x X > F
Nuclear X v X ® F 3
Petroleum v X X S E ¥ 3
Solar X v v = £
Wind " v v - 2

Figure 2 characteristics for different source of energy [15]

Table 3 CO2 emission factor for renewable and nonrenewable technologies

It is obvious that producing electricity using renewable technologies is healthier for the
environment than dirty energy.

The most popular renewable energy sources are:
1) Solar energy
2) Wind energy
3) Hydro energy
4) Tidal energy
5) Geothermal energy
6) Biomass energy

1) Solar energy
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Figure 3 Solar panelsinstallation

Solar energy is a gradually popular way to supplement your energy usage because
sunlight is one of the most abundant and freely available energy resources in the planet.
The earth receives in one hour an amount of solar energy equivalent to the total energy
required by the planet for a whole year. This amount of solar energy varies accordingly
to the time of the day, the season of the year and the geographical location of each
country.

Private solar systems, through rooftop panels, are placed to generate power for homes
and private businesses. Solar farms can generate electricity for thousands of homes by
using mirrors that concentrate or focus the radiations of the sun across acres of solar
cells.

Solar panels are considered as an important source of power because they can work

even through clouds. The more sunlight you get, though, the more energy you'll create.

North facing rooftops are not suitable for such technologies because panels should be
south-facing or south-west facing to receive the desired amount of sunlight every day.

Photovoltaic systems convert sunlight into electricity. Solar panels are arranged together
in series and each panel comes with a thin layer of silicon cells, a glass casing
surrounded by a unique film and wiring and a metal frame. Solar panels receive and
absorb the radiations of the sun, and through an inverter for conversion from DC to AC,
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the sunlight will be converted into usable electricity. The generated power can feed your
home directly or can easily be stored in batteries for later usage during the hours of
darkness. The excess electricity produced can be directly sold to the grid.

On top of the solar cell, you'll find a small semiconductor wafer composed of two layers
of silicon. One of the layers has a positive charge and the other has a negative one.
Both generate an electric field. Light energy from the sun hits the photovoltaic solar cell
momentarily; the cell is energized, causing electrons to separate from the atoms in the
semiconductor wafer. The loose electrons are then driven by the electric field around the
water, creating an electrical current. Finally, solar panels convert solar energy into

electricity.

SUNPOWER’

How Solar Works

Sunlight Solar Cell Inverter Home Appliances

When sunlight hits a solar  As electrons pass through That electricity is sent That AC power runs
panel, photons (particles the cells of a solar panel, to an inverter which through your home ready
of energy) are converted  theyre convertedintodirect  converts it into alternating to power appliances,

into electrons. current (DC) electricity. current (AC) power. charge devices and more.

Figure 4 How solar power works in 4 steps

Advantages of solar energy

1) Renewable, clean and environmentally friendly

Solar energy is renewable, clean and has zero emissions. Solar energy is also one of
the most effective sources of renewable energy because of the reliable amount of the
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sun the world gets. Energy generated by solar panels is clean energy because it does
not produce any greenhouse gasses emissions.

This technology is healthy for the environment and is not harming the planet. Solar
panels are eco-friendly.

2) Reduce the cost of the electricity bills

You will not be charged for the energy you generate with your solar panels because the

sun's energy is renewable and free.

Being self-sufficient by generating your own electricity and not relying on the grid for
power; alternatively, you can sell the extra electricity you generate to the grid and

receive payment for the excess energy you produced.

3) Independence / own generated energy after dark

First, you will not be suffering from any power cut or any maintenance by the grid on
their power lines. Second, if you invest in home solar battery storage, you may be less
reliant on the national grid and you can benefit from the power generated during the day
and stocked within the batteries to be used at night.

4) Low maintenance costs

Solar panels don't require much care; a simple cleaning a couple of times a year would
suffice. Solar panels are installed at an angle which allows rain to run off freely taking all
the dust and dirt away.

Most reliable solar panel manufacturers offer 20-25 years’ warranty, because PV panels
should last at least 25 years and the inverter lasts approximately 10 years.
5) Propertyvalue

Solar energy systems are usually a good investment for your home. Installing them on
your property will make your home more valuable than one without.

6) More advanced and more affordable year after year
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Every year, solar panels are becoming more and more affordable whilst also maintaining
the quality or even a better quality with a lower price. The cost of panels is decreasing
every year even with a better efficiency and new technologies.

Just to mention a small increase in panels costs due to the shipping crisis in 2021
caused by COVID19.

Solar Choice Price Index ($ per Watt)

$ per Watt

Figure 5 The decrease in solar panels price over the last 10 years

7) No permit required

Since solar panels are considered "permitted for development,” you usually don't need a
permit to install them on your roof.

Disadvantages of solar energy

1) Cost

As mentioned before, solar panel prices are going down over the year and will for sure
go down more and more in the future. But paying for solar panels, batteries for storage,
wiring, inverter and the installation cost are fairly high and not affordable for some.
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If you want to create electricity during the day and profit from the surplus during the
night, you'll need to store it in huge batteries, which are quite expensive.

In some cases, it is smarter to use solar energy during the day and take energy from the
grid during the night.

2) Weather dependent

The effectiveness of a solar system decreases during gloomy and wet days. Solar

panels must be exposed to sunlight in order to create solar energy.

3) Low energy conversion rate

The PV capacity factor is around 30% max. Solar panels can only generates 25 to 30%

of the sun’s energy into power.

4) Associated with pollution

Transporting and installing solar systems can have an indirect impact on the

environment due to greenhouse gas emissions during the manufacturing process.

Solar energy, on the other hand, pollutes the environment significantly less than other

alternative energy sources.
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Figure 6 Private slarpanels installed on roofs
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2) Wind energy

Figure 7 Wind farm

Wind generation can be used in both residential and commercial properties.

People used to create energy with old-fashioned windmills. Tall turbines are now
employed to generate electricity. Wind energy turns the turbine’s blades, which feeds
an electric generator to generate electricity from wind, a freely and natural available
resource.

Compared to fossil fuels, Wind energy is a clean energy that generates electricity
using the wind’'s natural strength, so wind turbines are environmentally friendly and
will not harm the planet.

Wind turbines are rotary devices that draws power and produce electricity from a
fluid motion. The spinning blades turns the shaft connected to a rotor to produce
electricity.

Due to recent technologies, if more power is needed to be generated, a gearbox
within the wind turbine accelerates the rotation speed with a limitation of 16 rotations
per minute for safety measures.
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Advantages of wind energy [16]

1) Renewable, clean and environmentally friendly

Wind energy is renewable and one of the cleanest forms of energy because it does not
rely on fossil fuels to power the turbines. Turbines run strictly on the power of wind
generated so wind energy does not lead to climate change by emitting greenhouse

gases during the production process.

2) Advances in technology

As technology improves, wind turbines are available in a wide range of sizes. New
designs available that will generate even more power, require less maintenance and run

more quietly and safely.

3) Can be built on existing farms

Farmers and ranchers can continue to work the land because the wind turbines use only
a fraction of the land so it does not disrupt the farm’s production. For the usage of the
property, wind power plant owners pay a fee to the farmer or rancher, providing

additional income to the landowner.

4) Wind creates jobs
The production of wind energy provides new work opportunities all over the world. Wind
turbines require technicians, and by 2050, wind might provide over 600,000 jobs in

manufacture, installation, maintenance, and support services.

5) Cost-effective

The Kwh is sold at around 1 to 2.5¢$ because wind energy systems have low operating
expenses because there are no associated fuel costs.
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Disadvantages of wind energy

Figure 8 Wind turbine

1) Threat to wildlife

Wildlife has been found to be harmed by wind turbines. Birds, bats, and other flying
creatures have a little chance of surviving when they are struck directly by a revolving
wind turbine blade.

2) Noisy

Wind turbines are usually placed in rural areas where most people don'’t live because
they are quite noisy. For offshore wind turbines, noise is not an issue.

3) Unpredictable / unreliable

The wind is not consistent. Wind energy cannot be generated on a regular basis; it can
only be generated when the wind blows.

I's hard to predict the amount of energy wind turbines can collect or generate at a
certain time.
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In this case, an energy reserve source is required as a backup plan to meet the
electricity demands of the population in case the winds die down for a long period of
time.

4) Expensive upfront Cost

These gigantic constructions, which can reach hundreds of feet in height, necessitate a
significant upfront investment. The installation of wind turbines in rural locations
necessitates additional investment in underground lines to transport power to more
populous areas such as towns and cities. The initial installation and construction stage
accounts for the majority of the expense, but after that, as long as there is wind, wind
energy creates an unending source of energy.

5) Associated with pollution

Wind energy only emits greenhouse gases indirectly during the production and
transportation of wind turbines, as well as during the installation process.
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3) Hydro energy

“\

o ., b).'

Ii:igure 9 Hydro energy

Hydro energy is one of the most renewable energy resources commercially developed
and one of the oldest and largest sources of renewable energy. Hydropower plant
consists mainly of a water reservoir, dams, penstocks, turbines and generators. The
water is stored in the dams and the gquantity going to the turbine is controlled by
operators. Then, the water from the reservoir goes to the turbines via the penstock and
the dam gates. Further cleaning takes performed at the reservoir's intake filtration
system to ensure that the water is free of particles that might damage the blades.

The turbine converts the kinetic energy of falling water into mechanical energy. the
turbine links with a shaft to the generator's motor that finally converts the mechanical
energy to electricity.

Hydro energy is more reliable than solar and wind power and the electricity to be stored
for future uses when the population demands reach their peak.

To conclude, the water is stocked in a large reservoir. Controlling the gate of the dams, a
certain quantity of water moves to the turbine that produces mechanical energy from the
kinetic energy of the water arriving from the tank. Then, the generator linked to the
turbine produces electricity as shown in the figure below [17]:
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Hydroelectric power generation g

Power transmission cables

Dam
Transformer

Power house

Generator

Canada

Figure 10 Hydroelectric power generation

Advantages of hydroelectric energy

1) Renewable, clean and low emissions

Water is a free and natural replenishing resource. Hydroelectric energy, mainly powered
by water, is a renewable energy source. To generate electricity, a hydropower plant is
powered by water so there is no pollution emitted and it does not produce carbon dioxide
or any greenhouse gasses emissions that drives global climate change.

2) Reliable and adjustable

To regulate the amount of water needed to create electricity, hydropower facilities are
built either on an actively running river or with a dam. Water flow is very predictable and
reliable and the output of electricity can be easily controlled and managed. If energy is
needed to answer to the demands of a certain population, more water will flow into the
plant for electricity production. If not, less electricity will be produced by managing the
quantity of water flow arriving to the turbine.
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3) Safe

Hydro power is a safe technology that generates electricity. Water is the only fluid used
to power to hydropower plant, there is no risk of oil spills or gas pipes breaking and
causing damage.

Disadvantages of hydro power

1) Environmental consequences

The biggest disadvantage of hydroelectric energy is the negative impact it can have on
the environment. During the construction process, dams can seriously harm or damage
the environment. To construct a dam, new roads and electricity lines must be installed in
addition to the displace of natural habitats.

Dams can obstruct fish movement, especially for species that rely on rivers to spawn,
such as salmon. Dams can even affect biological cues that tell fish when it's time to
migrate. Some dams have tried to compensate for this hydroelectric energy deficit by
building fish ladders or fish elevators to help migratory fish reach their spawning
grounds.

The final environmental disadvantage of hydroelectric electricity is water quality. Dams
reduce water flow, which reduces oxygen levels in the water. Lower oxygen levels
downstream can be caused by lower oxygen levels behind the dam. When there is less
oxygen in the water, some fish species have a harder time surviving, which has an
influence on river habitats.

2) Expensive to build

Hydroelectric power plants don't cost much to operate, but it is so expensive to build. A
hydroelectric power plant can cost millions of dollars or even more like the Itaipu dam
which took 18 years to be build and 18 billion dollars. It costs an average of 600 $ per
kilowatt to be build.

Page 34 of 144



50% Green Electricity for Lebanon Towards 2050

3) Limited reservoirs

You cannot build a dam anywhere you please. In reality, most viable sites for
hydroelectric dam construction have already been utilised. In addition to that, a hydraulic
dam with a small reservoir may not generate enough power, so it may not provide

sufficient profit to make the project worthwhile.

4) Drought potential

Large dams are built across a river to generate electricity and store water in a reservoir.
In fact, this can reduce river water flowing downstream and cause drought below the
dam. If there is not enough water flowing into the plant, the generation of power will be

severely reduced because of the drought.

Hydro power is a 100% renewable energy source that can generates electricity during
the day and during the hours of darkness.
Hydroelectric power is more consistent than solar power because water is rushing

through the turbines 24/7 whereas the sun only shines during the day.

Wind power is another reliable source of renewable energy, although wind turbines are
more expensive to maintain than hydropower facilities.

Hydropower is also superior to biofuels in terms of environmental effect after the facility
is built and operating smoothly. Producing energy using water does not produce CO2,
however biofuels necessitate the felling of trees and plants that will be burnt as fuel.

In conclusion, hydropower is a renewable energy that generated electricity 24/7 with
limited environmental impacts and reliable way to produce clean energy.
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4) Tidal energy

Figure 11 Tidal energy

Tidal energy, which uses twice-daily tidal currents to power turbine turbines, is another
sort of hydro energy. Although tidal flow is not continuous, it is very predictable and can
thus compensate for periods when the tide current is low, unlike some other hydro
energy sources.

Although tidal and wave energy are still in their infancy, the ocean will always be
regulated by the moon's gravity, making harnessing its power a viable alternative. Some
tidal energy systems, such as tidal barrages, which are positioned in an ocean bay or
lagoon and work similarly to dams, may have an impact on wildlife. Wave power is built
on dam-like structures or ocean floor—anchored devices that are on or near the water's
surface, similar to tidal power. [18]
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How Does Tidal Energy Work?

In a nutshell, tidal energy is the gravitational and kinetic energy contained inside our
planet's huge bodies of water. The ebb and flow of water is caused by the gravitational
attraction of the Moon, Sun, and Earth's rotation.

These celestial forces transfer a mind-boggling amount of water every day. And when
there's water moving, there's kinetic energy to be harnessed.

The energy created by all this rushing water may be harnessed using a turbine that turns
kinetic energy into electrical energy. This method of energy generation is comparable to

hydroelectricity; however, it does not require falling water.

Unlike wind or solar power, tidal energy is relatively predictable, which sets it apart from

many other kinds of renewable energy. The weather may often have a significant impact
on the efficiency of many environmentally friendly electricity systems.

The tides, on the other hand, are consistent and follow a predictable pattern all across
the planet, which is a tremendous asset for any would-be energy provider.

Simple Definitions:

1. Kinetic energy: The amount of energy that an item or mass (such as a body of water)
has as a result of its motion. Dropping a ball from the top of a skyscraper, for example,
would generate kinetic energy.

2. Gravitational energy: Gravitational potential energy is the potential energy released
when one smaller item collides with another larger object. There is a lot of potential
gravitational energy before you drop a ball from the top of a building, for example,
because gravity will pull it to the ground.

How Is Tidal Energy Produced?

You must first transform kinetic energy into electrical energy before you can collect tidal
energy.
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The easiest method to do this is to use a turbine that spins from the physical force of the
tides and turns the flow of the water into useful power. There are three types of tidal
turbine systems now available:

Tidal Barrage: The most efficient means of capturing tidal energy is through tidal
barrages. They necessitate the building of a dam-like structure that drives water through
a bottleneck where a turbine is located at high speeds. Higher water velocity equal more
kinetic energy, which translates to more power. This is similar to a hydroelectric dam
system in many aspects.

Tidal Turbines: This system works in a similar way to a wind turbine. A simple turbine is
placed in the water. The rotors may be driven by the water running over it. Although it
produces less energy than others, this kind is perhaps the simplest of all the systems
and has a lower installation cost.

Tidal Fences: Tidal gates are similar to tidal turbines in design, but they have one key
difference: a different rotor. These devices employ a turnstile-like construction that spins
in lockstep with the flow of water. Several versions of this design have been presented,

but the most common is a spinning cylinder form that stands vertically.

The Newbie: Floating Tidal Turbines

This sort of design is still undergoing testing and is not yet available for commercial
usage. A floating barge with turbines on its underbelly is used in the system.

The turbines are able to spin in the current that flows near the water's surface. This
concept avoids the need for any form of seabed building, making it easier, cheaper, and
less destructive to the environment than any other method now in use.

This promising technique might allow tidal energy farms to be built everywhere on the
planet.
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Advantages of Tidal Energy

1. Clean and Renewable

Tidal energy is as clean and renewable as any other renewable resource currently
accessible. When compared to other renewable energy sources, it produces no
pollutants and takes up very little physical area.

2. Predictable and Reliable

In most areas, there are two high tides and two low tides per day. Unlike many other
renewable resources, this cycle can be easily predicted and is not vulnerable to
unforeseen variations. Some systems also gather energy from tidal currents regardless
of which way they are flowing, allowing energy generation to continue indefinitely.

3. Long-Lasting Equipment

Tidal energy systems have a long lifespan and are naturally resistant to aging. Most tidal
systems are expected to last 75-100 years on average. Solar panels, on the other hand,
often disintegrate after 25-30 years. This saves time, energy, and money and is more
cost-effective when done on a big scale.

4. Effective at Low Speeds

Even if the water flowing over or through them is moving slowly, tidal energy systems
may generate electricity. Because water is 1,000 times denser than air, it can drive a
turbine even at a slow speed.

Disadvantages of Tidal Energy

1. Environmental Impact

While putting tidal generators beneath the ocean may be handy for people, it is not so
for all aquatic creatures. Because the systems rely on turbulent water to operate, a
substantial foundation is required. This form of underwater building has the potential to
destroy habitats. The tidal barrage, which uses dams to obstruct the passage of sea life
and potentially devastate aquatic ecosystems, is the worst culprit.
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2. High Construction Costs

Building buildings that can survive the turbulence and corrosive nature of sea water is
not a cheap endeavor. Other renewable resource alternatives are less expensive up
front. While tidal energy systems have a lengthy life cycle and eventually pay for
themselves, governments are more concerned with their 5-year budget than a 60-year
forecast. The initial investment in these systems is sometimes the most significant flaw
in potential initiatives.

3. Scarcity of Suitable Locations

Not every scenery near a beach is suitable for a tidal energy project. They require a
highly exact collection of pieces in order to perform correctly and efficiently. For
example, the height of the sea at low and high tide. One of the key reasons for their lack
of popularity is the shortage of suitable areas for establishing tidal energy systems.

4. 1t Can Be Very Inconsistent

Some say that engineering defects and technical problems such as high turbine failure
rates, failures to generate energy in low water circumstances, and strong currents
prohibit turbines from functioning effectively. Because it is dependent on the tide, tidal
power is also unreliable. Because the tides are not always consistent, the electricity is
unreliable.
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5) Geothermal Energy

Figure 12 Geothermal energy

Geothermal energy may be utilized to heat houses or create power by utilizing the
natural heat under the earth's surface. Geothermal energy, while harnessing a power
lying beneath our feet, is of minor relevance in the UK as compared to nations like
Iceland, where geothermal heat is considerably more freely available.

One of the renewable energies taken from the earth's core is geothermal energy. The
heat generated during the radioactive decay of elements and the actual creation of the
planet provides power. Within the earth's core, this energy is stored in fluids and rocks.

Extreme temperatures of above 4000 degrees’ Celsius melt certain rocks within the
earth's core, resulting in the production of magma. Furthermore, the heat causes the
mantle to act in a flexible fashion, and because it is lighter than the surrounding rock, a
portion of it travels higher. You've utilized geothermal energy if you've ever rested in a
hot spring. Due to the gradual disintegration of radioactive particles in rocks at the
planet's core, the earth's core is roughly as hot as the sun's surface [19]. Deep well
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drilling brings extremely hot subsurface water to the surface as a hydrothermal resource,
which is then pushed via a turbine to generate energy.

If the steam and water used by geothermal facilities are pumped back into the reservoir,
emissions are normally negligible. While there are techniques to build geothermal plants
without subsurface reservoirs, there are fears that they might raise the danger of an
earthquake in locations that are already deemed geological hot zones.

Geothermal energy may be captured in a variety of ways, including:

e Geothermal power plants, which utilize heat from deep inside the Earth to
produce steam, which is then used to generate electricity.

e Geothermal heat pumps, which use heat from under the Earth's surface to heat
water or heat structures

Wells dug 1 or 2 miles down into the Earth are used to pump steam or hot water to the
surface at a geothermal power plant. Because these are sites where the Earth is very
hot close beneath the surface, you're more likely to locate one of these power plants in
an area with a lot of hot springs, geysers, or volcanic activity [20].

i o
Cooli
tower

Injection
well
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Figure 13 5 steps to generate geothermal power

1. Under tremendous pressure, hot water is pumped from deep underground through a
well.

2. When water reaches the surface, the pressure drops, causing the water to condense
and transform into steam.

Page 42 of 144



50% Green Electricity for Lebanon Towards 2050

3. The steam turns a turbine, which is connected to an electrical generator.
4. In a cooling tower, the steam cools and condenses back to water.
5. The cooled water is pumped back into the ground, restarting the process

Power plants aren't the only source of geothermal energy. Geothermal heat pumps may
be used for a variety of purposes, including heating and cooling houses as well as
warming swimming pools. Pumping water or a refrigerant (a specific sort of fluid) through
pipes slightly below the Earth's surface, where the temperature is a constant 50 to 60°F,
is how these systems transmit heat.

During the winter, the water or refrigerant collects heat from the Earth, which is then
transferred to the building above by the pump. Some heat pumps may operate in
reverse in the summer to assist cool buildings.

N

Figure 14 Geothermal heat pump in winter and summer

1. A loop of pipes transports water or a refrigerant.

2. When it's chilly outside, the water or refrigerant heats up as it goes through the
subterranean portion of the loop.

3. The warmed water or refrigerant transports heat into the structure as it reaches the
surface.
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4. After the heat is transmitted, the water or refrigerant cools down. It's pumped back
below, where it warms up again, resuming the cycle.

5. The system may run in reverse on a hot day. The water or refrigerant cools the
building before being injected underground, where it absorbs further heat from the earth
around the pipes.

Steam is used to generate energy in geothermal power plants. The steam is produced
by hot water reservoirs a few miles or more under the earth's surface.The steam spins a
turbine, which turns a generator, which generates energy. Dry steam, flash steam, and
binary cycle geothermal power plants are the three types.

Dry Steam

Dry steam power plants extract steam from subsurface reservoirs. Steam is pumped
straight from subterranean wells to the power plant's turbine/generator unit. In the United
States, there are just two known subsurface sources of steam: The Geysers in northern
California and Yellowstone National Park in Wyoming, which contains the well-known
geyser Old Faithful.

The Geysers are the only dry steam plants in the country since Yellowstone is protected
from development.

Flash Steam

The most popular are flash steam power plants, which employ geothermal pools of water
with temperatures above 360°F (182°C). Under its own pressure, this extremely hot
water rises via wells in the earth. The pressure drops as it rises, and part of the heated
water boils into steam. After that, the steam is extracted from the water and utilized to
drive a turbine or generator. Any remaining water and condensed steam are fed back
into the reservoir, ensuring that this is a long-term resource.

To summarize, the flush plants extract high-pressures hot water from the earth and mix it
with cold low-pressure water. Later, this condenses into steam, which powers the
turbines that generate energy.

Binary Steam

Water-based binary cycle power plants operate at temperatures between 225 and 360
degrees Fahrenheit (107 and 182 degrees Celsius). The heat from the hot water is used
to boil a working fluid, which is commonly an organic substance with a low boiling point.
In a heat exchanger, the working fluid is vaporized and utilized to spin a turbine. The
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water is then warmed by being injected back into the earth. During the whole operation,
the water and the working fluid are kept separate, resulting in minimal or no air
emissions.

Enhanced geothermal systems (EGS) and low-temperature or co-produced resources
are the two forms of geothermal resources that may now be employed in binary cycle
power plants to generate electricity.

Enhanced Geothermal Systems

EGS generates geothermal energy by tapping into the Earth's deep geothermal
resources, which would otherwise be uneconomical owing to a lack of water, a remote
location, or a certain rock type. According to the US Geological Survey, the western
United States has a potential EGS resource of 500,000 megawatts, which is almost half
of the country's present installed electric power producing capacity [21].

e Low-Temperature and Co-Produced Resources

Temperatures of 300F (150C) or less are typical for low-temperature and co-produced
geothermal resources. Binary cycle technology can be used to generate power from low-
temperature resources. In the United States, co-produced hot water is a byproduct of oil
and gas wells. The potential for this hot water to generate energy is being investigated,
with the goal of lowering greenhouse gas emissions and extending the life of oil and gas
operations.

Advantages of Geothermal Energy

1. Environmentally Friendly

Geothermal energy is less harmful to the environment than traditional fuels like coal and
other fossil fuels. Furthermore, a geothermal power plant has a minimal carbon impact.

While geothermal energy does produce some pollution, it is quite little when compared to
fossil fuels.

2. Renewable
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Geothermal energy is a renewable energy source that will persist till the sun destroys the
Earth in 5 billion years. The Earth's heated reservoirs are refilled naturally, making it both
renewable and sustainable.

3. Huge Potential

The present global energy consumption is roughly 15 terawatts, which is significantly
less than the entire potential energy accessible from geothermal sources. While most
reservoirs are now unusable, there is hope that as industrial research and development
continues, the quantity of exploitable geothermal resources will grow. Geothermal power
facilities may generate between 0.0035 and 2 terawatts of electricity, according to
current estimates.

4. Sustainable / Stable

In comparison to other renewable energy sources such as wind and solar power,
geothermal delivers a consistent stream of energy. This is because, unlike wind or solar
energy, the resource is constantly accessible to be used.

5. Heating and Cooling

Water temperatures of over 150°C are required to operate turbines when geothermal
energy is used to generate power. The difference in temperature between the surface
and a ground source can also be utlized. Because the earth is more resistant to
seasonal heat variations than the air, a geothermal heat pump may serve as a heat
sink/source merely two meters below the surface.

6. Reliable

Because it does not fluctuate as much as other energy sources like sun and wind, the
energy generated from this resource is simple to quantify. This implies we can
accurately anticipate the electricity production of a geothermal plant.

7. No Fuel Required
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There is no requirement for fuel since geothermal energy is a naturally occurring
resource, unlike fossil fuels, which are a finite resource that must be mined or otherwise
extracted from the ground.

8. Rapid Evolution

Geothermal energy is now undergoing a lot of research, which means that new
technologies are being developed to better the energy process. There are a growing
number of projects underway to strengthen and expand this sector of the economy.
Many of the existing disadvantages of geothermal energy will be addressed as a result
of this rapid progress.

Disadvantages of Geothermal Energy
1. Location Restricted

The most significant drawback of geothermal energy is that it is site dependent. Because
geothermal facilities must be built where the energy is available, some locations will be
unable to benefit from this resource. Of course, if you live in a region like Iceland, where
geothermal energy is widely available, this isn't an issue.

2. Environmental Side Effects

Although geothermal energy does not generally emit greenhouse gases, many of these
gases are trapped under the Earth's surface and released into the atmosphere during
excavation. Although these gases are normally discharged into the environment, they
are emitted at a higher rate around geothermal units. These emissions, however, are still
far fewer than those connected with fossil fuels.

3. Earthquakes

Geothermal energy also has the potential to cause earthquakes. This is due to changes
in the structure of the Earth as a result of digging. This issue is increasingly common
with improved geothermal power plants, which drive water into the Earth's crust to

develop fissures and allow for more resource extraction. However, because most
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geothermal facilities are located far from population centers, the effects of these
earthquakes are minimal.

4. High Costs

Geothermal energy is a costly resource to exploit, with a plant with a 1-megawatt
capacity costing between $2 and $7 million. Where upfront expenses are considerable,
however, they can be recouped over time as part of a long-term investment.

5. Sustainability

To ensure the long-term viability of geothermal energy, fluid must be injected back into
subsurface reservoirs at a quicker rate than it is drained. This implies that geothermal
energy must be appropriately managed to ensure its long-term viability.

It is critical for industry to weigh the benefits and drawbacks of geothermal energy in
order to maximize the benefits while minimizing the risks.
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6) Biomass Energy

This is the process of turning plant-based solid fuel into energy. Although biomass is
primarily a technique of burning organic materials to generate power, it is now a much
cleaner and more energy-efficient process. Biomass creates electricity at a far lower
economic and environmental cost by converting agricultural, industrial, and home waste
into solid, liquid, and gas fuel.

Crops, waste wood, and trees are all examples of biomass, which is organic material
derived from plants and animals. When biomass is burned, chemical energy is released
as heat, which may be used to power a steam turbine to create electricity.

Biomass is frequently mischaracterized as a clean, renewable fuel and a more
environmentally friendly alternative to coal and other fossil fuels for energy generation.
However, current research suggests that many types of biomasses, particularly from
forests, emit more carbon than fossil fuels. There are also unfavorable effects on
biodiversity. Nonetheless, in the appropriate circumstances, some kinds of biomass
energy might be a low-carbon solution. Sawdust and chips from sawmills, for example,
may be used as a low-carbon energy source instead of fast decomposing and releasing
carbon.

Biomass energy sources include :

* Wood and wood processing wastes, such as firewood, pellets, and chips, lumber and

furniture mill sawdust and trash, and pulp and paper mill black liquor

» Agricultural waste materials and crops, such as maize, soybeans, sugar cane,
switchgrass, woody plants, and algae, as well as agricultural and food processing
residues

* Biogenic elements included in municipal solid waste, including paper, cotton, and wool
goods, as well as food, yard, and wood trash

* Human sewage and animal manure
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Figure 15 Different types of biomass

How Biomass Energy Works [22]

Agriculture, forestry, towns, colleges and universities, food processors, hospitals and
medical centers, and a variety of other industries produce billions of tons of garbage
each year. There were few safe and cost-effective options to use or dispose of
garbage in the past. Today, however, the world has renewable energy technologies
that can turn waste biomass energy resources into useful energy.

Biomass is an organic byproduct produc