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22.

23.

24,
25.
26.

217.
28.
29.
30.
31.

Identify the influence of location effect (solar irradiance, outside temperature, wind
speed) on effectiveness of water heater.

Distinguish between radiation, convection, and conduction and give examples in solar
water heaters.

Calculate the convective heat transfer coefficient based on location and design.
Define absorbance, transmission, and emittance.

Calculate the time to heat a system or the maximum temperature based on design
parameters and location.

Know the concept of Trombe wall

Calculate the temperature change in a forced circulation system.

Discuss the advantages and disadvantages of using a concentrator.

Calculate the influence of a concentrator on the effectiveness of a water heater.
Know the different types of concentrated Solar Power plants

Photovoltaics

32.
33.
34.
35.
36.
37.
38.
39.

40.

41.

42.
43.
44,

45.
46.
47.
48.

49,
50.

Understand the physics of photovoltaic effect

Utilize physics of a PN junction to explain the IV plot for a PV device.

Label open circuit voltage, short circuit current, maximum power, and fill factor.
Describe how the properties of the cell change in series and parallel.

Define n-type and p-type semiconductor.

Describe the drift and diffusion of carriers across a junction.

Explain built in voltage and analyze what happens to it under different biases.
Calculate minority carrier lifetime and diffusion length of carriers and relate their
significance to PV performance.

Analyze fabrication steps in a basic single crystalline Si PV device based on their
importance for device performance.

Explain limitations on conversion rate in PV devices including the Schokley-Queisser
principle.

Describe how a PV cell is designed to minimize loss.

Distinguish between first, second, and third generation PV technologies.

Design a PV array for a specific application and evaluate the limitations based on
cost, location, etc.

Design a solar panel system and calculate its annual electricity generation
Understand the concept of Balance of System

Analyze costs of the installation of a photovoltaic system

Discuss different incentive programs and the integration of distributed solar system in
the electricity grid

Compared distributed solar systems and utility scale solar power plant.

Discuss intermittency and integration with storage and hydrogen production.

Windpower

51.
52.

53.
54,
55.

Describe the physical sources of wind on earth, explain effect of terrain.

Discuss wind speed measurement techniques and their applications during the project
development phase of a wind farm

Calculate the energy contained in the wind.

Evaluate impact of turbine height on wind resource.

Describe the components of a wind turbine.
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56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
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Design a wind blade based on aerodynamics equations.

Compare and contrast different turbine designs.

Calculate the optimum speed and pitch of a blade.

Calculate the force (thrust), torque applied to a turbine and the power it generates.
Discuss design trends and optimization.

Calculate the capacity factor.

Describe off-shore wind turbine design

Discuss wind power markets for on-shore and off-shore locations

Understand environmental impact of wind power.

Design a wind power system to maximize power generation for a given scenario.
Discuss intermittency and integration with storage and hydrogen production.

Geothermal

68.
69.
70.
71.
72.
73.

74.

Describe the geological conditions needed to create useable geothermal resources on
earth.

Describe the advantages and disadvantages of geothermal power from engineering,
economic, environmental, and societal perspectives.

List the types of geothermal power plant cycles and their uses.

Calculate the performance of different geothermal power plant cycles.

Analyze geothermal power plants in California and in the world.

Describe geothermal heat pumps for buildings and calculate performance compared
to traditional heating and cooling systems.

Describe the impact of refrigerant fluid impact on the environment and the regulation
mitigating this impact.

Biomass, Biogas and Biofuels

75.
76.

List examples of biomass, biogas and biofuel processes.
Classify biomass processes into categories: thermochemical, biochemical, and
agrochemical (extraction).
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86.

87.

88.

89.
90.
91.
92.
93.

Assess the challenges of transportation storage and use of hydrogen compared to
other fuels.

Discuss the use of hydrogen as an energy carrier (Power to gas) and elementary
chemical compound.

Describe the advantages and disadvantages of fuel cells from engineering, economic,
environmental, and societal perspectives.

Define anode, cathode, and half-cell reaction.

Understand the electro-chemical process involved in an electrolyzer.

Describe the different types of electrolyzers,

Understand the electro-chemical process involved in a fuel cell.

Describe different examples of fuel cells including the materials used to make them,
the half-cell reactions, fuel used, and by products created, and advs(e)4( diff)4(e)-5(re)7(nt t)]TIETQQ(
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116. Describe methods of measuring and averaging the wave height and power.
117.  Calculate the energy and power of a wave front and group of waves.
118. Design a wave power system to maximize power and energy for a given scenario.

Towards Carbon Neutrality
119. Understand the
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- One Final Exam

You are invited to actively participate in class to discuss the concepts and the elements
presented during the lecture. Homework is reviewed and discuss during the class. The best
benefit is captured by students who come well prepared.

Grading Information

I Course Element: %
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Course Schedule

Date Lecture

1: 8/20 Introduction

2: 8/27 Introduction (2)
3:9/3 Solar Resource
4:
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