
 

PKU Globex Julmester 
Model-based Design and Optimization of Solar Energy Technologies (3 Credits) 

基于模型的太阳能技术设计与优化 
 

Instructors 
Raymond ADOMAITIS 

( adomaiti@umd.edu) 

Chemical and Biomolecular Engineering 
 University of Maryland, USA 

Synopsis The emphasis of this class is on developing a conceptual understanding of the device physics and 
manufacturing processes of crystalline and thin-film photovoltaic cells, and to develop elementary 
computational 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, conversion, and storage picture. Quantitative comparisons of PV technology to solar 
chemical conversion processes and biofuels are made. 

Audience Year 3 & 4 Undergraduate and Graduate Students 

Classroom Room TBA, Teaching Bldg. No. TBA, Peking University   

Schedule Class: 1-4 PM, M-F, July 1 –19, 2019   Final Exam : 1-4 PM, July 20, 2019   Total Contact Hours : 45 

Objective To develop the quantitative skills necessary to assess the relative efficiencies of different solar energy 
technologies, and to understand the physical and chemical processes that are used to manufacture 
solar cells. 

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

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

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

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

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

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

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

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

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

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

11. Photoelectrochemical systems, electrochemistry review, p- and n-type cells, quantification of H2 
production by PEC cells, and photosynthesis.  

 
References “Modeling and analysis of photovoltaic and related solar energy systems" by R. A. Adomaitis (2018), 

which will be sent as a pdf to all of the students prior to class. 
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