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Course code: PS542 (A)

Course title: Solar Photovoltaic (1)

Course content:

Theory:

s Gl tall Gl giaa -1

Introduction to semiconductors - Absorption of light - PN junctions - Diode equations
for PV- Solar cell structure - Light generated current.

Practical:

- Solar cell response to shading
- Solar cell curve in standard conditions
- Solar cell curve in operating conditions

- Solar cell response under variable solar radiation
- Solar cell response at different temperatures
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Course code: PS542 (B)
Course title: Solar Photovoltaic (2)
Course content:

Theory:

Quantum efficiency and spectral response - Solar cell parameters - IV curve - Short-
circuit current - Open circuit voltage - Fill factor - Detailed balance - Resistive Effects -
Characteristic resistance - Effect of parasitic resistances - Series resistance - Shunt
resistance — Ideality factor.

Practical:
- Characterization of different types of solar cells
- Combination of solar cells in series: characterization
- Combination of solar cells in parallel: characterization
- Combination of solar cells in series/parallel: characterization
- Simulation of solar cell performance

Course code: PS543 (A)
Course title: Solar Photovoltaic Systems (1)
Course content:

Theory:

Autonomous PV systems - Load considerations - Solar batteries - Grid connected PV
systems - Basics of sizing grid connected systems - Characteristics of grid connected
systems - Net metering and feed-in-tariff hybrid systems - Types of hybrid systems -
Environmental assessment of solar PV systems.

Practical:
- Characterization of PV modules
- Characterization of solar electrical accumulators
- Characterization of solar inverters

Course code: PS543 (B)
Course title: Solar Photovoltaic Systems (2)
Course content:

Theory:

Micro-grids and smart grids - Cost of PV energy production - PV investment appraisal
Troubleshooting of PV systems - Sustainability of PV systems (socioeconomic and
environmental analysis)

Practical:
- Operation with PV systems (direct current)
- Operation with PV systems (alternating current)
Operation with PV systems (direct and alternating current)
Operation with autonomous PV systems
Practical projects to be implemented at remote locations (e.g. villages)
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Course code: PS544 (A)
Course title: Modeling and Simulation of Solar Thermal Systems (1)
Course content:

Theory

General introduction to the simulation software (Polysun): Basic steps — Meteorological
data — Shading.

Basic system design and simulation skills: PV modules — Inverters — Result analysis of
photovoltaic systems.

Advanced system design and simulation skills: Roof planner — System with batteries —
PVT- PV plus heat pumps.

Practical
Simulation of PV systems
- PV modules
- Inverters
- Result analysis
- Roof planner
- Systems with batteries
-PVT
- PV with heat pumps

Course code: PS544 (B)
Course title: Modeling and Simulation of Solar Thermal Systems (2)
Course content:

Theory:

Solar thermal components: Demand and consumption — Collectors — Tanks — Other
thermal system components.

Basic solar thermal system design: Controllers — Result analysis of solar thermal
systems.

Advanced solar thermal system design: Designer features — Hybrid systems — Solar
cooling.

Practical:

Simulation of solar thermal systems:
- Demand and consumption
- Collectors
- Tanks
- Other system components
- Controllers
- Result analysis
- Designer features
- Hybrid systems
- Solar cooling
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Course code: PS545 (A)
Course title: Solar Thermal Energy (1)
Course content:

Theory:

Solar geometry- Solar angles- Movement of earth around the sun- Solar radiation-
Black body radiation- Solar radiation in space - Electromagnetic spectrum - Terrestrial
solar radiation- Solar radiation in horizontal plane- Solar radiation in tilted surface-
Measurement of solar radiation.

Principles of mass and heat transfer: Basics — Conduction — Diffusion in gases, liquids
and solids — Convection — Condensation — Evaporation.

Energy balances and efficiency: Energy balances - Open systems - Closed systems-
Calculation of enthalpy changes - Calculation of power plant efficiencies.

Heat exchangers: Heat transfer in heat exchangers - Tube bundle heat exchangers -
Plate heat exchangers - Radiation of heat exchangers.

Practical:
- Thermo-optical characteristics of solar thermal collectors
- Pipe components of solar thermal systems — Installation
- Pipe components of solar thermal systems - Fluid mechanics
- Heat exchangers
- Measurement of solar radiation
- Influence of shading on solar yield
- Measurement of solar radiation onto tilted surfaces
- Reflection and concentrating of sunlight

Course code: PS545 (B)
Course title: Solar Thermal Energy (2)
Course content:

Theory:

Thermal storage systems; Thermal energy storage systems for sensible heat - Latent
heat storage systems - Steam accumulator - Thermo-chemical energy storage - Storage
capacity - Modular storage - Solar collectors: types, characteristics and structure.

Practical:
- Design of thermal storage of solar thermal systems: material, heat transfer
fluid, heat conduction, heat capacity and insulation material.
- Influence and measurement of flow rate and temperature of the transmitted
fluid.
- Meteorological measurements.
- Temperature measurement, contact and remote detection.

Course code: PS546 (A)
Course title: Solar Thermal Energy Systems (1)
Course content:
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Theory:

Construction types of low-temperature solar thermal collectors (STC) - Physical
operation of low temperature STCs - Storage systems for low temperature STCs -
Applications of STCs

Practical:

- Low temperature solar pool collector system.

- Components and Installation of a low temperature solar collector system.

- Characterization of a compact solar low thermal system.

- Characterization of a 2™ low temperature solar plastic collector and
comparison with the 1st one.

- Solar thermal thermo-siphon system with a flat plate collector and storage
tank.

- Components and installation of a flat plate solar thermal collector system.

- Characterization of a compact solar thermal thermo-siphon system with a flat
plate collector.

- High efficient solar thermal heat pipe system with storage tank.

Course code: PS546 (B)
Course title: Solar Thermal Energy Systems (2)
Course content:

Theory:

Solar collector market & manufacturing: Parabolic trough collectors, Fresnel reflectors-
Solar power towers- Dish sterling- Layout, installation and operation - Environmental
assessment of solar thermal systems.

Practical:
- Components and installation of a pumped vacuum tube (heat pipe) solar
thermal collector system.
Characterization of a compact solar heat pipe system.
Solar cooker modules.
Combined system of solar air collector and dryer.
Components and installation of a combined solar air collector - dryer system.
Characterization of a combined solar air collector - dryer system.
Practical projects to be implemented at remote locations (e.g. villages).

Course code: PS547
Course title: Solar Desalination
Course Content:

Theory:

Water quality: Parameters and analytical methods used. Fundamentals of water
desalination processes: Thermal processes e.g. multi-stage flashing, multi effects
boiling and membrane distillation.
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Membrane based processes: Reverse Osmosis, Nanofiltration, Ultrafiltration, and
Microfiltration.

Solar driven desalination systems: Photovoltaic driven reverse osmosis, solar stills,
solar thermal driven membrane distillation, and solar humidification.

Practical:
- Full characterization of a PV driven reverse osmosis desalination system.
- Preparation and characterization of different types of membranes.

Course code: PS548
Course title: Hybrid Energy Systems
Course Content:

Theory:
- On-grid, off-grid and micro-grid electrical power systems.
- Types of energy generation systems: solar and wind.
- Case studies of successful systems.
- Energy storage systems.

Practical:

- Measurement of the state of charge (SOC) of batteries from the same type but
different charged and with a different age.

- Comparison between 1 phase and 3 phase motors.

- Comparison between centrifugal and piston water pumps.

- Data acquisition with a programmable processing system (the participants will
learn to work with a PPS data logger).

- Bus communication in energy management systems.

- Programming energy management systems integrated in a PV powered hybrid
system.

- Practical training on small scale wind turbine.

Course code: PS549
Course title: Solar Technical Sales and Marketing

Course Content:
Theory:
- Introduction to solar industry, equipment and current technologies.
- System design and sizing recommendations.
- Calculating the return on investment and energy savings.
- Describe the principles that drive successful marketing.
- Successful sales techniques and tracking methods.
- How to deal with customer complaints.
- Case studies for success in the solar industry.
- Quotes, estimating and deal closing.
- Preparing proposals and concept design reports.

Course code: PS550
Course title: Project Management
Course Content:
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Theory:
- Leading effective teams
- Risk management
- Financial analysis
- Public/private partnerships
- Project organization and contracts

Course code: PS551
Course title: Concentrated Solar Energy
Course Content:

Theory:
- Concentrating solar collectors.
- Concentrated photovoltaic systems.
- Concentrated solar thermoelectric systems.

Practical:
- At Al Kuraymat Concentrated Solar Power plant.

Course code: PS552
Course title: Energy Applications of Nanomaterials
Course Content:

Theory:

Introduction to nanomaterials - Novel properties of nanomaterials - Nanomaterials for
energy production - Nanomaterials for energy storage - Nanomaterials for energy
transmission and conservation - Environmental, safety and health aspects of

nanomaterials.

Practical:
- Preparation of nanomaterials (e.g. metallic, semiconductor, and polymeric)
using different methods (e.g. polyol, sol-gel, precipitation,etc)
- Characterization of the nanomaterials using structural and surface techniques
(e.g. SEM, FTIR, contact angle,...etc)
- Preparation of dye synthesized solar cells
- Preparation of organic solar cells.
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