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Fall 2016 Syllabus
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Text: Solar energy lecture notes: Modeling and analysis of photovoltaic

and related solar energy systems, R. A. Adomaitis, 2016
Last revised: 30 August 2016

Prerequisites

None – this is an elective class. However, students will benefit from some background in materials
science, thermodynamics, elementary material and energy balance concepts, differential equations, and
computational methods.

Technology

Access to a computer with MatLab, Excel, and/or Python is necessary for most of the assignments.
MatLab is available through the VCL link below. The class solar toolbox link also is provided in the
quick links below.

Quick links

University policies: www.ugst.umd.edu/courserelatedpolicies.html
Academic calendar: www.provost.umd.edu/calendar/16.cfm

ELMS: www.elms.umd.edu
VCL: eit.umd.edu/vcl

Class solar toolbox: dev.eng.umd.edu/adomaiti/mainSolar.html

General description

The emphasis of this class is on developing a conceptual understanding of the device physics and man-
ufacturing processes of crystalline and thin-film photovoltaic cells, and to develop elementary computa-
tional skills necessary to quantify solar cell efficiency. The class material includes detailed, system-level
energy balances necessary to understand how solar energy fits into the complete energy generation, con-
version, and storage picture. Quantitative comparisons of PV technology to solar chemical conversion
processes and biofuels are made. Specific topics will be listed below and in the class schedule:

1. A review of energy, thermodynamic, and electrical quantities and units.

2. The solar spectrum, blackbody radiation, direct and diffuse irradiance, modeling cloud cover, the
projection effect, and computing the optimal tilt angle of a solar panel.

3. Transient energy balances, an introduction to solar thermal systems, compressed air, and pumped
water grid-scale energy storage.

http://www.ugst.umd.edu/courserelatedpolicies.html
http://www.provost.umd.edu/calendar/16.cfm
https://www.elms.umd.edu
http://eit.umd.edu/vcl
http://dev.eng.umd.edu/adomaiti/mainSolar.html
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4. Overview of numerical techniques

5. PV physics, band structure and Fermi level in semiconductors, pn-junctions, diode models, photon
interactions with semiconductors.

6. PV cell architecture and fabrication steps, crystalline Si substrates, thin film deposition, amorphous
Si, CIGS, and CdTe thin-film cells.

7. Computing PV cell power, equivalent circuit models, short- and open-circuit properties, fill factor,
and parasitic resistances.

8. PV cell external and internal quantum efficiency, and computing the spectral response.

9. Theoretical cell efficiency, multijunction devices, the Shockley-Queisser limit.

10. Antireflection coatings, cell passivation, and cell optical properties.

11. PV cells wired in series and parallel, shaded and faulty cell effects, system integration and inverters.

12. Photoelectrochemical systems, electrochemistry review, p- and n-type cells, quantification of H2

production by PEC cells, and photosynthesis.

Learning outcomes

The Chemical and Biomolecular Engineering Department educational outcomes most relevant to this
class are:

a) An ability to apply knowledge of mathematics, science, and fundamental engineering principles

c) An ability to design a chemical product or process to meet designated specifications

h) The broad education necessary to understand the impact of engineering solutions in a global and
societal context

i) A recognition of the need for, and an ability to engage in lifelong learning

j) A knowledge of contemporary issues and applications of chemical engineering

k) An ability to use the techniques, skills, and modern engineering tools for engineering practice

Grading

Grade scale: A: 90-100%; B: 80-89%; C: 70-79%; D: 60-69%

Each HW assignment will be worth between 2 to 3 points and so the total will sum to 30 points.
Working in groups is acceptable, but it is important that each student is responsible for the content
of their assignment quizzes and the final exam are based on the HW assignments. Turn in sufficient
work to demonstrate your solution procedure, but avoid turning in pages of tabulated data. All HW
assignments must summarize the solutions on the first page of the assignment.

Quizzes and exams will be open-note and will require a calculator or other computational device. Use
of programming or the class computational website is prohibited.

Expectations

Students are expected to attend each class lecture and laboratory period, to participate in class discus-
sions, turn in all homework assignments, and attend all quizzes and exams.
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Draft course schedule

DATE LECTURE DATE LECTURE

8/30 Ch. 1 9/01 Ch. 1

9/06 Ch. 2 9/08 Ch. 2, HW 0 due

9/13 Ch. 2 9/15 Ch. 3, HW 1 due

9/20 Ch. 3 9/22 Ch. 3, HW 2 due

9/27 Ch. 4 9/29 Ch. 4, HW 3 due

10/04 Quiz 1 10/06 Ch. 4

10/11 Ch. 5 (NSF) 10/13 Ch. 5, HW 4 due

10/18 Ch. 5 (Auburn) 10/20 Ch. 6, HW 5 due

10/25 Ch. 6 10/27 Ch. 6, HW 6 due

11/01 Ch. 7 11/03 Ch. 7, HW 7 due

11/08 Quiz 2 11/10 Ch. 7

11/15 Ch. 8 (AIChE week) 11/17 Ch. 8, HW 8 due

11/22 Ch. 9 11/24 No class - Thanksgiving

11/29 Ch. 10 12/01 Ch. 11, HW 9 due

12/06 Ch. 11 12/08 Class review, HW 10 due


