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UMERC Faculty

Nearly 100 faculty in almost every College/School on campus:



2011- 2012  Champion

UMERC Students
Max Tech and Beyond

2011- 2012  Champion
2011 Solar Decathlon - Champion

2012 - 2013 Champion

2013  
1st Place: 
Particulate
Emissions 
Reduction

2013 Outstanding Student Chapter
2014 Student Chapter of Excellence
2015 Student Chapter of Excellence 
2016 Student Chapter of Excellence 
2017 Outstanding Student Chapter

http://www.pepco.com/community-
commitment/watershed-sustainability-center/ 

http://www.pepco.com/community-commitment/watershed-sustainability-center/
http://www.pepco.com/community-commitment/watershed-sustainability-center/


Spans UMD campus energy research, with expertise in: 
– Solar 
– Wind 
– Biofuels 
– Combustion and gasification 
– Carbon capture and sequestration 
– Nuclear 
– Energy efficiency 
– Electrochemical energy storage and conversion 
– Policy, economics, and climate change 

Matching of In1-xGaxN Band Gap to Solar Spectrum
Ni/Au

HULC

Current spreading layer

p-InGaN: Mg .3 µm

Ti/Al/Ti/Au

Sapphire (100 µm)

InGaN HVPE Template 2-15 µm

n-InAlGaN: Si .5 µm

InGaN/InGaAlN MQWs (2) 1.5 nm x 8.5nm

High efficiency InGaN cell

East Coast permitted offshore wind
developments (black squares)

Bench-scale experimental facility used to perform kinetic 
investigations of char reduction/elimination

2007 Solar Decathlon - Top US ranked team 2011 Solar Decathlon WINNER

UMERC Research



ions

electrons

Transport	&	support	material
• 	High	electrical	conduc0vity 
• 	High	mechanical	stability	 
• 	High	ionic	conduc0vity 
Low-D	carbon,	conduc8ng	polymer

Mul-func-onal	nanostructures	for	next	genera-on	
high	performance	electrical	energy	storage

Nanostructures for Electrical Energy Storage

DOE/BES  
Energy Frontier Research Center  
Lead: University of Maryland 
Partners: UCI, UF, Yale, SNL, LANL 
Initial $14M over 5 years Charge	storage	material

• High	energy	density 
• Low	electrical,	ionic	conduc0vity 
• Low	mechanical	stability 
Cathode:	LiMnO2,	LiFePO4,	LiCoO2 
Anode:			Si

Electrochemical Energy Storage at UMERC

Renewed $11M over 4 years



Extreme Performance, 
Environment & Safety 
for Defense, Aerospace 
& Biomedical industries

• Established as collaborative research (CRADA) and shared  
facilities between ARL-UMD-NIST as founding partners 

• Expanded to NYBEST, Stony Brook University,  
Argonne and Brookhaven National Labs 

• In discussions with NASA, NIH, and others…

Center for Research in Extreme Batteries
Electrochemical Energy Storage at UMERC



Extreme Performance, 
Environment & Safety 
for Defense, Aerospace 
& Biomedical industries

Center for Research in Extreme Batteries
Electrochemical Energy Storage at UMERC



“3D Printed, Low Tortuosity Garnet Framework For Beyond 500 Wh/kg Batteries”
Eric Wachsman & Liangbing Hu
July 2017; $400K - Phase 1

“Advanced electrolytes to limit dendrite growth in lithium-metal cells”
Chunsheng Wang
July 2017; $400K - Phase 1

“Innovative iron-based materials for high energy cathodes for high energy lithium ion battery technologies”
Chunsheng Wang
July 2017; $400K - Phase 1

Vehicle Technologies Program 

“High Conductivity and  Flexible Hybrid Solid State Electrolyte”
Eric Wachsman, Liangbing Hu & Yifei Mo
October 2016 to September 2019; $1.2M

Electrochemical Energy Storage at UMERC

“Overcoming Interfacial Impedance in Solid-State Batteries”
Eric Wachsman, Liangbing Hu & Yifei Mo
October 2014 to September 2017; $1.2M



UMERC: Research - ARPA-E Awards



UMERC Research – ARPA-E Awards

RANGE	-	Robust	Affordable	Next	Genera0on	Energy	Storage	Systems
Eric Wachsman, “Safe, Low-Cost, High-Energy-Density, Solid-State Li-Ion Batteries”
January 2014 to February 2020
$4.7M

RANGE	-	Robust	Affordable	Next	Genera0on	Energy	Storage	Systems
Chunsheng Wang, “Multiple-Electron Aqueous Battery”
March 2014 to January 2020
$4.1M

Energy Storage

IONICS	-	Integra0on	and	Op0miza0on	of	Novel	Ion-Conduc0ng	Solids
Chunsheng Wang, “Self Forming Solid State Batteries”
January 2017 to July 2018
$1M

OPEN	IDEAS	–	Open	Innova0ve	Development	in	Energy-Related	Applied	Science
Liangbing Hu, “Highly Conductive, Robust, Corrosion-Resistant Nanocarbon Current 
Collectors for Aqueous Batteries”
April 2018 to April 2017
$0.5M



UMERC Research – ARPA-E Awards
Advanced Materials

REACT	-	Rare	Earth	Alterna0ves	in	Cri0cal	Technologies
Ichiro Takeuchi, “MnBi Based Permanent Magnets”
January 2012 to September 2015
$5.4M

OPEN	IDEAS	–	Open	Innova0ve	Development	in	Energy-Related	Applied	Science
YuHuang Wang, “Melt Epitaxy of Carbon: A Silicon-inspired approach to next-generation 
electrical wires”
February 2015 to April 2018
$0.5M

Efficient Transportation Networks
TRANSNET	-	Traveler	Response	Architecture	using	Novel	Signaling	for	Network	
Efficiency	in	Transporta0on

Lei Zhang, “Integrated, Personalized, Real-Time Traveler Information and Incentive 
Technology for Optimizing Energy Efficiency in Multimodal Transportation Systems”
October 2015 to March 2018
$3.8M



UMERC Research – ARPA-E Awards

BEETIT	-	Building	Energy	Efficiency	Through	Innova0ve	Thermodevices
Ichiro Takeuchi, “Thermoelastic Cooling”
October 2010 to January 2016
$3.3M

Energy Efficiency

OPEN	IDEAS	–	Open	Innova0ve	Development	in	Energy-Related	Applied	Science
Michael Ohadi, “Dry Cooling for Thermoelectric Power Plants”
July 2014 to July 2015
$0.5M

ARID	–	Advanced	Research	in	Dry	Cooling
Michael Ohadi, “Novel Polymer Composite Heat Exchanger for Dry Cooling of Power 
Plants”
$2.0M

ARID	-	Advanced	Research	in	Dry	Cooling
Bao Yang “Novel Microemulsion Absorption Systems for Supplemental Power Plant Cooling”
September 2015 to August 2018
$3.0M



UMERC Research – ARPA-E Awards

DELTA	-	Delivering	Efficient	Local	Thermal	Ameni0es
YuHuang Wang, “Meta-Cooling Textile with Synergetic Infrared Radiation and Air Convection for 
Bidirectional Thermoregulation”
May 2015 to April 2018
$3.0M

DELTA	-	Delivering	Efficient	Local	Thermal	Ameni0es
Reinhard Radermacher, “Robotic Personal Conditioning Device”
March 2015 to May 2018
$2.6M

Energy Efficiency



REBELS	-	Reliable	Electricity	Based	on	Electrochemical	Systems
Eric Wachsman, “Low Temperature Solid Oxide Fuel Cells for Transformational  
Energy Conversion”
October 2014 to September 2017
$5.3M

UMERC Research – ARPA-E Awards

REBELS	–	Reliable	Electricity	Based	on	Electrochemical	Systems
Ichiro Takeuchi, “Metal Supported Proton Conducting Solid Oxide Fuel Cell Stack”
October 2014 to September 2017
$3.5M

REBELS	–	Reliable	Electricity	Based	on	Electrochemical	Systems
Eric Wachsman, “Bi-functional Ceramic Fuel Cell Energy System”
October 2014 to September 2017
$3.2M

UMERC	Faculty	have	lead	or	par0cipated	in	$50M	in	ARPA-E	awards	since	2014
Currently	par0cipate	in	more	ARPA-E	awards	than	any	other	university	in	the	US

Power Generation



Maryland Energy Innovation Institute

(10-829) MEI2 Purpose: 
•Collaborate with Academic Institutions in the 

State to participate in Clean Energy Programs 
• Develop and Attract Private Investment in 

Clean Energy Innovation and 
Commercialization in the State



Maryland Energy Innovation Institute



Maryland Energy Innovation Institute

MEI2 will integrate energy research & innovation with 
incubation and financing under a single organization at 
UMD to advance the State of Maryland energy economy



MEI2 Incubator
• Co-location of MCEC and MEI2 Incubator in Technology Ventures Bldg 
• UMD investing ~$700K for office and  

lab renovations 
• MCEC, VersaVolt, & Ion Storage Systems  

moving in ~October



MEI2 Advisory Board
Chair:  
Victor Der - Retired, Assistant Secretary of Fossil Energy, US DOE  

Vice Chair:  
Ellen Williams - Distinguished University Professor UMD 

former Director, US DOE ARPA-E 
former Chief Scientist, BP 

Joseph Dominguez - Sr. Vice President, Exelon Corp. 

Abigail Hopper - CEO, Solar Energy Industry Association 
former Director, US Bureau of Ocean Energy Management 
former Director, Maryland Energy Administration 

Philip Perconti - Director, Army Research Laboratory 

Jigar Shah - CEO and Founder, Generate Capital 
Founder, Sun Edison 

Mary Beth Tung - Director, Maryland Energy Administration  

Joshua Greene - Chair of the Board, Maryland Clean Energy Center 
VP Government & Industry Affairs, A.O. Smith 



• Coordinate and promote energy research and education at UMD, including its relevant energy centers as well  
as at other academic institutions in the State;  

• Provide energy policy innovation advice to State and federal units; 
• Collaborate with other academic institutions, governmental units, foundations, and industrial companies for  

clean energy research and innovation; 
• Pursue grants other funds, and in-kind contributions for clean energy research and innovation; 
• Provide seed grant funding to academic institution-based entrepreneurs or entities, in order to promote the 

commercialization of clean energy technologies developed wholly of partly by an academic institution; 
• Work with the Maryland Technology Enterprise Institute to jointly manage, operate, and maintain facilities for  

a clean energy incubator at UMD; 
• Work with the Maryland Technology Enterprise Institute to expand Maryland Industrial Partnership awards to 

promote the commercialization of clean energy technologies developed wholly or partly by an academic 
institution; 

• Work with Maryland Technology Enterprise Institute and UMD Office of Technology Commercialization to:  
- Identify energy technologies at academic institutions that may be viable for commercialization; and  
- Provide grant funding and investment financing to cover patent facilities, and other costs not allowed under 

federal or state research grants to an academic institution-based entrepreneur or entity, in order to promote the 
commercialization of clean energy technologies developed wholly or partly by and academic institution;  

• Coordinate incubation and potential financing of academic institution-based entrepreneurs or entities with 
resources provided by the Maryland Clean Energy Center; and 

• Work closely with state units, industrial partner, nongovernmental organizations, and federal agencies and 
laboratories to ensure effective implementation and execution of the State’s energy mission and vision, in 
collaboration with the administration. 

MEI2 “Powers” (10-834)



• Entrepreneurship Seed Grant - This will be an open annual funding solicitation to 
overcome the “Valley of Death” between previously obtained academic transformative 
laboratory research results and prototype demonstrations of sufficient scale to obtain 
investor interest. 

• MEI2 Industry Research Program - We will develop an industry research consortia 
program focused on pre-competitive energy technologies of interest to those companies. As 
research is pre-competitive IP will remain with the Maryland academic institutions. MEI2 
will thus provide matching funds (1:1 to 1:2) as a multiplier incentive for industry 
sponsorship of this research on an open solicitation basis to Maryland academic 
institutions. We are currently preparing proposal for BGE and have received interest from 
LG Chem through their Technology Center of America program. 

• MEI2 Matching Fund Program - To expand Maryland energy research and increase 
academic faculty participation, MEI2 will provide State-matching funds for MEI2 affiliated 
faculty pursuing Federal energy research grants as opportunities arise. These are typically 
in the ~10-20% of federal funds received level. In particular, we will look to attract major 
MEI2 aligned federally funded centers such as DOE Advanced Manufacturing Office 
(AMO) or NIST Manufacturing Hubs. 

• To avoid any conflicts of interest in making awards under the above programs MEI2 will 
stand up the MEI2 Investment Committee. 

MEI2 Planned Programs



Future Energy Generation
IPCC report, by 2050 ~80% of 
world’s energy supply could be 
from renewables 
•Due to demand growth in 
underdeveloped countries

Resultant job growth depends on policies 
to encourage investment 
•EU & Japan adopted incentives 
•China recently mandated renewable 
energy 

•US policy vacillates depending on party 
in control  



The Future of Energy is Regional

Industry Perspective Feb 25, 2011 when Cap and Trade expected to be implemented



Regional and Distributed
• Independent of policy solar and wind will grow in most economical 

regions, but rate of growth is policy dependent

• Natural gas will continue to dominate, but I believe will shift more to 
smaller scale distributed CHP thus providing 2-3X improvement in 
efficiency and GHG reduction

• Small modular nuclear reactors would be a game changer, but 
strongly dependent on policy



Solar Energy Cost
DOE SunShot Program



Time of day generation 
vs. demand

Generation transients vs. 
demand transients

Requires Storage

Storage not only enables greater solar and wind deployment, but also: 
• Enables vehicle electrification reducing petroleum use and GHG 

emissions 
• Displaces peaking power generation reducing natural gas and coal 

use and GHG emissions



U.S. Government Investment in Energy R&D

American Association for the Advancement of Science American Energy Innovation Council

Are these 
the right 
priorities?

Biggest energy 
issue in 21st 
Century is lack of 
consistent policy 
and sufficient 
R&D funding

Less than 1980



Prognosis for Future

Eliminates Advanced Research Program Agency (ARPA-E) 
Eliminates Advanced Technology Vehicle Manufacturing Program 
Eliminates Innovative Technology Loan Guarantee Program 
Eliminates Weatherization Assistance Program 
Reduces Office of Science $900M 
Reduces Energy Efficiency and Renewable Energy, Nuclear,          
               Fossil Energy, Office of Electricity $2B  


