ENMA411: Materials for Energy 2

Spring 2017
Lecture: 
Tuesdays and Thursdays, 11:00 am - 12:15 pm 
CHE 2136
Professor: 
Liangbing (Bing) Hu
binghu@umd.edu 
Room 1205, Bldg. 089

Credits:
3
Recommended Texts (NOT required): 


Fundamentals of Materials for Energy and Environmental Sustainability 
Edited by David Ginley and David Cahen, Cambridge University Press
Additional reading and lecture materials will be distributed
Grading:
Homework - 10% 
Mid Term Exams - 40%

Final Exam - 50%  

Course Description: 
The goal of Materials for Energy is to demonstrate the role of materials in solving one of the most critical socio-economic issues of our time, affordable and sustainable energy.  
Materials for Energy is a two-part course based on material functionality, however, they are independent and neither is a prerequisite for the other. 

Materials for Energy 1 will start with a discussion of U.S. and global energy and related environmental issues. It will then focus on electrochemical, chemical, and nuclear functional materials. Topics to be covered include: fuel cells and batteries (electrochemical energy conversion and storage); catalysts and membrane separations (fossil fuel and biomass energy conversion); and nuclear fuels.

Materials for Energy 2 will focus on electrical, optical, thermal, and mechanically functional materials for energy devices. Solar cells, solar fuel, solar thermal, energy efficient lighting, building energy, thermoelectric and wind energy will be covered. 
Topics:
Semiconductor Physics and Solar Cells
Semiconductor, metal and insulator
p-n junction and solar cell fundamental
Transparent electrode
Optics and plasmonics in solar cells, and materials
Si (device and new materials)
CZTS, CIGS (device and new materials)
Polymer solar cells, III-V solar cells
Solar fuel (Water Splitting): materials, devices and recent development   
Principles
Materials development 

Thermoelectrics: materials, devices and recent development  
Thermoelectric fundamental

Nanotechnology and new materials  
Energy Efficient Lighting: materials, devices (LED and OLED) and recent development  
LED principles
OLED principles and materials

Recent development, nanomorphology with conductive AFM

Energy Efficient Building: materials, devices and recent development   
Building energy consumption and window
Small window, optics and electrochromic devices 

Building materials 

Wind Energy: materials, devices and recent development  
Wind turbine and blade materials
New materials development, nanocomposite

Energy from wastewater: materials, devices and recent development   
Device principle
Recent electrode development, bacterial-electrode interface  

Special topics, energy for Special Applications (Space, DOD and flexible, etc.): materials, devices and recent development   
Flexible energy storage and solar cell

Wearable energy system

Lightweight energy device and system for NASA and air force applications

Material Genome and computational materials

Nanomanufacturing, roll-to-roll manufacturing 
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Bio

Liangbing Hu  received his B.S. in physics from the University of Science and Technology of China (USTC) in 2002, where he worked with Prof Yuheng Zhang on colossal magnetoresistance (CMR) materials for three years. He did his Ph.D. in at UCLA (with George Gruner), focusing on carbon nanotube based nanoelectronics (2002-2007). In 2006, he joined Unidym Inc (www.unidym.com) as a co-founding scientist. At Unidym, Liangbing’s role was the development of roll-to-roll printed carbon nanotube transparent electrodes and device integrations into touch screens, LCDs, flexible OLEDs and solar cells. He worked at Stanford University from 2009-2011, where he work on various energy devices based on nanomaterials and nanostructures. 
Currently, he is an associate professor at University of Maryland College Park. His research interests include nanomaterials and nanostructures, roll-to-roll nanomanufacturing, energy storage focusing on solid-state batteries and Na ion batteries, and printed electronics. 
He received many awards, including: Office of Naval Research Young Investigator Award (2016), ACS Division of Energy and Fuel Emerging Investigator Award (2016), SME Outstanding Young Manufacturing Engineer Award (2016), University of Maryland Junior Faculty Award (School of Engineering, 2015), 3M Non-tenured Faculty Award (2015), Maryland Outstanding Young Engineer (2014), University of Maryland Invention of Year (2014 Physical Science), Campus Star of the American Society for Engineering Education (2014), Air Force Young Investigator Award (AFOSR YIP, 2013). For more info, please visit www.bingnano.umd.edu
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