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Outlines 

1. Basic concepts of  renewable energies.

2. Importance of  renewable energies today.

3. Renewable energy resources.

4. Solar energy applications.

5. Potential for the use of  solar energy and PV panels in water 

treatment / desalination.

6. Basics of  renewable energy design principles.

7. Renewable energy applications in WWT.
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1. Basic concepts of  Renewable 

Energies
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The Global sustainable development Goals 
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WMO Climate Risks, extreme events and related impacts | UNFCCC

https://unfccc.int/media/52487
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Home – Climate Change: Vital Signs of the Planet (nasa.gov)
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November-2022

https://climate.nasa.gov/
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August-2023
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Climate change: Vital signs of the Planet
12
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Loire river in France –August 2022

13
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Forms of  Energies

Needs for energy in our lives 
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“Energy is converted 
from form to 

another”
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Non Renewable energy sources 

such as:

Coal, Oil, Natural Gas 

AND 

Radioactive elements

 Once they are gone and 

can not be replaced in 

the human time scale
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Renewable energy resources 

1. Sunlight      Solar Energy

2. Wind         Wind Energy

3. Water       Hydropower

4. Biomass     Biomass 

Energy

5. Hydrogen Power 

Hydrogen Gas

6. Heat  from the earth core 

                       Geothermal 
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2. Importance of  Renewable 

Energies Today
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Why is Renewable Energy Important 

Today?

1. Energy price stability

2. Clean Air

3. Protecting Global climates

4. Protecting Landscapes and 

watersheds

5. Unlimited supplies

6. Jobs and economy
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3. Renewable energy resources
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Solar Energy
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( ) ( ) ( )
longlatlonglatinc ttStE  ,,cos,, =

where the angle θ(t, θlat, θlong) is the angle between 
the incident solar flux at time t and the normal to the 
surface at latitude θlat and longitude θlong. 

Solar Energy

24
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Advantages :

1
• It cannot be cut off by blockade or embargo

2

• Nor does it involve the burning of any scarce 
fuels or the generation of any pollution

3
• It is freely available to all

4

• It cannot be exhausted for it will last as long as 
the sun shines.

Solar Energy
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Disadvantages:

1
• To be useful, it must be collected and concentrated

2
• lots of space is needed for mirrors or collectors

3
• Solar energy is also subject to interruption

4

• Captured energy must be stored in some way or 
supplemented with a back-up system

Solar Energy
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✓ Wind energy is the utilization of 

the energy that moves the air. 

✓ The use of wind as a source of 

energy for generating electrical 

power depends on estimating the 

power output of a wind turbine.

✓ The wind power depends on 2 

effect named: lift and drag effects.

Wind Energy
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Pout = ηwindPwind =  ηwindρairR
2v3 

 Betz’ limit says that approximately 59.3% of the power 

in the wind is the maximum percentage of wind power 

that can be extracted. It is obtained when the downwind 

velocity is one third of the upwind velocity

Wind Energy
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•Inside the sun, hydrogen atoms combine to form helium atoms. 

This process -called fusion- gives off radiant energy.

• This radiant energy sustains life on earth. It gives us light and 

makes plants grow. 

• It makes the wind blow and rain fall. It is stored in fossil fuels. 

• Most of the energy we use today came from the sun.

•Our sun’s energy comes from 

hydrogen.

•The sun is a giant ball of hydrogen 

and helium gases.

Hydrogen Energy

29
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Property
Hydrogen 

(gas)

Methane 

(gas)

Gasoline 

(liquid)

Molecular weight (g/mol) 2.016 16.04 ~ 110

Mass density (kg/m3) 0.09 0.72 270 – 780

Energy density (MJ/kg) 120 53 46

Volumetric energy density 

(MJ/m3)

11 38 35,000

Higher heating value (MJ/kg) 142.0 55.5 47.3

Lower heating value (MJ/kg) 120.0 50.0 44.0

Hydrogen Energy
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2H2 + O2 → 2H2O

Hydrogen Energy
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3. Solar Energy Applications
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Solar Heater

33



Center of Excellence for Water - Exchange, Training, and Scholarships



Center of Excellence for Water - Exchange, Training, and Scholarships

Closed Box solar cooker 
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Parabolic Cooker
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Agricultural and Industrial Drying
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Large parabolic mirrors about 3 m in diameter give 

temperatures up to 3500°C in a small area without 

contamination from combustion products.

Solar Furnaces
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Solar Distillation
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• Photovoltaic energy is the conversion of  sunlight into 

electricity through a photovoltaic (PVs) cell, commonly 

called a solar cell. 

• A photovoltaic cell is a non mechanical device usually 

made from silicon alloys.

• Sunlight is composed of  photons, or particles of  solar 

energy. 

Photovoltaic cell
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When photons strike a 

photovoltaic cell, they 

may be reflected, pass 

right through, or be 

absorbed. Only the 

absorbed photons 

provide energy to 

generate electricity.

Photovoltaic cell
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Photovoltaic conversion is useful for several reasons:

✓Conversion from sunlight to electricity is direct.

✓Modular characteristic of  photovoltaic 

✓The environmental impact is minimal.

Photovoltaic cell
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Solar panels in Germany

44
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5. Potential for the Use of  Solar 

Energy

45
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Problem Definition

▪Rapid Demographic Growth

▪Water – Energy – Food insecurity

46
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• It clarified that the share of renewable energy reached 31 percent of the total 

generated energy in 2021.

According to the info-graphic, Egypt’s targets for the contribution of the installed 

capacities from renewable energies to hit 20 percent in 2021, and to exceed 42 

percent of the total energy generated by 2035.

47

Home-SIS

https://www.sis.gov.eg/?lang=en-US
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Renewable Energy Outlook: Egypt recommends seven key actions

1. Update energy and power sector strategies to 

reflect the growing cost advantages and other 

benefits of renewables.

2. Reflect the potential of biomass in future 

updates of the energy strategy;

3. Streamline regulations and clarify institutional 

roles and responsibilities for wind and solar 

development;
50
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4. Reform the current market framework to improve 
project bankability;(ability to make money)

5. Bundle renewable energy projects to strengthen 
risk mitigation and ensure their financial viability;

6. Conduct comprehensive measurement campaigns 
for solar and wind potential;

7. Develop a master plan for enhancing local 
manufacturing capabilities and create a vibrant 
domestic renewable energy industry.

Renewable Energy Outlook: Egypt recommends seven key actions

51
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The Challenges Renewable Energy Sources Face:

• Availability of Power. One of the biggest concerns 

in the field of renewable energy is power 

generation depending on natural resources that 

are uncontrollable by humans. 

• Power Quality Issues. 

• Resource Location. 

• Information Barrier.

• Cost Issue. 

54
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Challenges among the WEF sectors
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6. Basics of  renewable energy 

design principles
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Solar Water Heater

57
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Solar Water Heater

58
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Solar Water Heater
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To calculate solar panel output:

1. Solar panels’ efficiency.

2. Location (how much sunlight

 shines on your solar panels).

3. Which direction solar

 panels are facing.

PV panel
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The most common environmental factors that can 
subdue efficiency are:

• Shading from nearby trees or other 
buildings

• Excessive cloud coverage

• Excessive dirt, dust, and pollution

• Thick layers of snow

PV panel
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7. Renewable energy applications in WWT.

62
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Renewable energy technologies have long been used for water-supply 
applications. 

They can be used to:

a) pump water from wells or to power booster pumps

b)  water-treatment systems

c)  power for traditional or conventional water 
treatment technologies 

d)  new emerging technologies

(UV disinfection, desalination plants, and distillation, direct heat, 
or photocatalytic oxidation to destroy pathogens)

Solar Energy 
Applications
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Renewable energy sources, such as solar, wind, biomass, and 
bio-fuel-related sources are becoming more attractive for water 
supply and wastewater treatment applications.

Solar Energy 

can be used either directly or indirectly (thermally or electrically) to 
pump or treat water and wastewater

Solar thermal energy can be best utilized for:

i. desalination of salty or brackish water,

ii. various methods of distillation,

iii. indirectly even for water pumping applications.

Solar Energy 
Applications
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A- Solar energy 

Direct solar radiation 

is used for desalination 

and wastewater 

treatment. 

Solar Energy 
Applications
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Reverse Osmosis (RO) 
Energy recovery reverse osmosis(ER-RO) systems. Solar energy can be used with RO 
systems as a prime mover source driving the pumps with the direct production of 
electricity through the use of photovoltaic panels 

Solar Energy 
Applications
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Hybrid systems are also becoming more attractive these days, especially 
for remote standalone applications. A hybrid system can be a 

combination of PV, a wind turbine with or without a backup generator, 
and battery storage.

   Water treatment in rural villages, one must consider issues like: 

a) system sustainability

b)  costs

c)  availability of energy resources

d)  skilled manpower

e)  spare parts

Hybrid Systems
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• Using renewable energy technologies for water treatment, 
especially desalination plants, can be very expensive. 

• The process demands a lot of energy, which is a high 
investment cost, especially for rural applications.

•  On the other hand, renewable energy sources can be more 
viable options for certain treatment needs and locations.

Hybrid Systems
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• For example, grid power may not be an alternative 
source for remote locations of many developing 
countries and islands because of high grid extension.

• In such cases, renewable energy sources might be the 
only alternative solutions. 

• Therefore, every alternative system must be evaluated 
based on the local conditions and system 
sustainability issues.

Hybrid Systems
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Wastewater Treatment
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• Solar energy is particularly important in treating 
wastewater. Direct solar radiation is used for wastewater 
treatment. 

• The three most common wastewater treatment methods 
are:

I. stabilization ponds

II. aerated lagoons 

III. oxidation ditches

Wastewater Treatment
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• Oxidation ditch

•                                                    Aerated lagoon

•                                                  

Wastewater Treatment
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• Solar radiation energy (direct sunlight) has been used for the biological 
processes in stabilization ponds.

• Now there are new emerging technologies for treating wastewater that 
use the UV portion of the solar spectrum to activate the semiconductor 
catalyst that produces hydroxyl radicals.

• The most promising technology for destroying TOCs in wastewater 
treatment is the UV advanced oxidation processes (AOPs). 

Solar Detoxification
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• The oxidation chemistry and potency of the photocatalytic process of 
solar detoxification systems are similar to other chemical oxidation 
methods that generate hydroxyl radicals. 

• Like UV/O3 and UV/H2O2 solar detoxification systems can oxidize 
organic pollutants into nontoxic materials, such as CO2 and water and 
can disinfect certain bacteria. 

Solar Detoxification
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References

• Renewable Power Pathways: A Review of  the Us Department 
of  Energy's Renewable Energy Programs (The compass 
series), Committee on Programmatic Review of  the U.S. 
Department of  Energy's Office of  Power Technologies, 2000

• Fundamentals of  Renewable Energy Processes, Second 
Edition , Aldo V. da Rosa 2009 

• https://www.irena.org/publications/2018/Oct/Renewable-
Energy-Outlook-Egypt

• https://spectrum.ieee.org/energywise/energy/renewables/e
gypts-massive-18gw-benban-solar-park-nears-completion

• https://www.research.ox.ac.uk/Article/2020-01-09-net-zero

• https://www.azocleantech.com/article.aspx?ArticleID=836

75

https://www.irena.org/publications/2018/Oct/Renewable-Energy-Outlook-Egypt
https://www.irena.org/publications/2018/Oct/Renewable-Energy-Outlook-Egypt
https://www.irena.org/publications/2018/Oct/Renewable-Energy-Outlook-Egypt
https://spectrum.ieee.org/energywise/energy/renewables/egypts-massive-18gw-benban-solar-park-nears-completion
https://spectrum.ieee.org/energywise/energy/renewables/egypts-massive-18gw-benban-solar-park-nears-completion
https://www.research.ox.ac.uk/Article/2020-01-09-net-zero
https://www.research.ox.ac.uk/Article/2020-01-09-net-zero


Center of Excellence for Water - Exchange, Training, and Scholarships

Cairo Innovates 
2023
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1st Place award for 
Innovations

&
The silver medal for 
renewable energy
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Center of Excellence for Water Partners:

This presentation is made possible by the support of the American People through the United States Agency for International 
Development (USAID.) The contents of this presentation are the sole responsibility of the Center of Excellence for Water and 
do not necessarily reflect the views of USAID or the United States Government. 
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