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Compact, lightweight, reliable Electrical Power is 
a crosscutting need of several Mission Areas 
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Power on Demand: Vision and Goal

 Focus on Electrical Energy

 Seek Impact on Mission Areas

 Power on Demand will coordinate a portfolio of work to develop 
innovative new technology capabilities that enable electrically powered 
systems with differentiating SWaP characteristics:

 National security applications (low, medium & high power)

 Civilian energy sector (grid-scale conversion, storage, and 
transmission; electric vehicles; and building and industrial efficiency).  

 The need for power is ubiquitous.  

We will develop power systems with the smallest size, lightest weight and 
highest conformability, for the harshest environments



PoD Bridge from RF to MA

• High efficiency, ultra-light weight and 
compact electrical power systems

• Requires innovation across generation, 
storage, conversion technologies

• Novel approaches for generating and 
harvesting power for long times in 
harsh environments (incl. radiation)

• New devices and systems with 
enhanced lifetimes, reliability, and 
resilience, for both civilian and military 
applications
• Fundamental understanding for 

predictive reliability of power system 
components
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Integrated capabilities will differentiate 
Sandia for the national security missions

Sandia will be the Lab 
that best understands 

how to deliver 
electrical power 

systems with 
differentiating SWaP
characteristics and 

reliable performance 
in harsh environments
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Three technical focus areas were chosen (in order)

1. Power electronics: wide bandgap semiconductor materials, devices, 
and power systems.

 Large gains in size, weight, and power efficiencies (SWaP) possible.  

 Materials are inherently rad-hard

 Leverages SNL strengths in semiconductors and rad-hard components

2. Battery-based electrical energy storage – especially reliability.  

 SWaP needed by both civilian and non-civilian applications.

 Leverages SNL’s lead NNSA role in batteries; SNL’s lead partner role in 
JCESR

3. Microsystem-enabled photovoltaics (MEPV). 

 Leverages results of MEPV Grand Challenge LDRD

 MEPV cells superior in light weight and flexibility



What are Power Electronics, and Why Do We Care?

 Power electronics: Application of solid-
state electronics for routing, control, 
and conversion of electrical power

 Current power electronics 
are limited by the 
properties of Silicon 
semiconductor devices

 New system capabilities 
are enabled by:

 Higher switching 
frequency (enables 
better SWaP)

 Lower power loss

 Higher temperature 
operation

 Radiation resistance

 Motivation for (U)WBG 
semiconductors

Passive transformers
(dumb)

Power Electronics –
Active switching (smart)

Power semiconductor devices
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Mission Needs: Civilian Energy

Mission Area Examples of Specific Areas of Interest and Impact

Secure and Sustainable 
Energy Future 
(Energy and Climate)

• Next-generation grid (efficiency & intelligence; long & short term storage)
• Transportation sector (vehicle electrification)
• Solar PV, PV Inverters and Wind Inverters (clean electricity; key enabling 

technology for increasing grid renewable generation)
• Building and Industrial efficiency (variable speed electrical motors for 

HVAC, elevators, industry)
• Small power supplies and appliances – computers, solid-state lighting 

power drivers, appliances
• Electric rail, aeronautical

Energy 
distribution

Renewable
energy

Energy storage

Battery



 Power Electronics (Materials)

 What influences conductivity and defect structure of UWBG AlGaN and how can this 
understanding be used to generate device quality materials? What 2D charge 
densities can be achieved? 

 What are the dominant atomic-scale failure mechanisms of power devices?  Why 
does GaN break down before its calculated avalanche breakdown field? 

 What are the defects introduced in relevant radiation environments (x-ray, , 
protons, electrons, neutrons, heavy ions) and how do they affect the material 
(displacement vs. ionization); what is important for different device types?

Scope: Sample Research Questions



Energy Storage Safety/Reliability Issues 
Have Impact Across Multiple Application Sectors

2011 Beacon Power Flywheel Failure2011 Chevy Volt Latent Battery 
Fire at DOT/NHTSA Test Facility

2012 Battery Room Fire at 
Kahuku Wind-Energy Storage 
Farm

2012 GM Test Facility 
Explosion, Warren, MI

2006 Sony/Dell battery recall
4.1 million batteries
2006 Sony/Dell battery recall
4.1 million batteries

2008 Navy, $400M Advanced 
Seal Delivery Sub, Honolulu
2008 Navy, $400M Advanced 
Seal Delivery Sub, Honolulu

2010 FedEx Cargo 
Plane Fire, Dubai
2010 FedEx Cargo 
Plane Fire, Dubai

2011 NGK Na/S Battery 
Explosion, Japan (two weeks 
to extinguish blaze)

2011 NGK Na/S Battery 
Explosion, Japan (two weeks 
to extinguish blaze)

2013 Storage Battery Fire, The Landing 
Mall, Port Angeles, (reignited one week 
after being “extinguished”) 

2013 Storage Battery Fire, The Landing 
Mall, Port Angeles, (reignited one week 
after being “extinguished”) 

2013 Nissan Leaf Battery 
Degradation

2013 Nissan Leaf Battery 
Degradation

2013 Boeing Dreamliner Battery 
Fires, FAA Grounds Fleet
2013 Boeing Dreamliner Battery 
Fires, FAA Grounds Fleet



Current and Desired Future States: Assure Safe 
and Reliable Energy Storage Systems

Industry 
Deployments

Inform Policy 
and 
Regulation

Extension To  
Large Format: 
Prediction

Demonstration:
Design & 
Validation

Component:
Testing

Basic 
Research:
Mechanisms 
& Models

Desired End State for Battery Safety:
Increased depth of the scientific 
capability establishes an integrated 
science-based safety and reliability 
predictive design capability, meaningful 
codes and standards

DETL ESTP – as an 
experimental facility, more 
than just testing

2013 Boeing Dreamliner Battery 
Fires, FAA Grounds Fleet
2013 Boeing Dreamliner Battery 
Fires, FAA Grounds Fleet

Codes and Standards for 
Battery Safety and 
Reliability

LNG tests as prototype

Current Position for Battery Safety:
Lacking the predictive capability to 
address today’s government and 
industry needs; capabilities lack 
connection



 Battery Safety and Reliability

 How can we translate a foundational understanding of degradation and 
failure mechanisms into a means to prevent them or minimize their impacts?

 Can the scientific insights we gain be used to design inherently safe and 
reliable energy storage systems?

 What scaling methods can be developed to extend understanding of failure 
modes and mechanisms at testable scales to very large format energy storage 
systems?

 What ingenious new form factors and mechanisms for micro-power can be 
achieved?

Scope: Sample Research Questions cont.



Microsystems Enabled Photovoltaics (MEPV) Vision
Micro-PV Cells

Micro-optics

High Performance Modules

Low-cost, uniquely 
functional Solar PV 

Systems

Explore fundamental scale effects within 
photovoltaic cells, modules, and 
systems for enhanced performance, 
reduced costs, and new functionality

Goals:
• 40% efficient PV system with the 

potential for $0.10/kWh levelized cost 
of energy (LCOE)

• Highly functional, highly flexible PV 
modules

• Establish Sandia leadership in this 
R&D area



EPRI Technology Brief and Presentation
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 Flexible Photovoltaics

 What new semiconductor material families can enable a wider spectral range 
of peak efficiency wavelengths while maintaining crystal lattice matching?

 How can plasmonic and photonic crystal effects be leveraged to enable ultra-
wide spectrum PV?

 What innovations in concentration optics and device design or fabrication will 
decrease the balance of system cost in weight and size?

 Can power electronics and storage be integrated with flexible PV for lighter 
weight, higher configurability, and agility?  What limits the power efficiency 
and reliability in the design of this integrated power system?

Scope: Sample Research Questions cont. 



Why Sandia?

• Sandia is branded as a leader in compound semiconductor materials and 
device research for national security needs - DOE/NNSA mission lead in 
electronics

• Sandia is a recognized leader in battery materials and device research with a 
focus on understanding battery performance and reliability in multiple 
environments - Lead lab in battery safety, reliability, and abuse testing

• Expertise in power systems (circuits, modules, networks)

• We have unique facilities in that are aligned with national security mission needs 
- MESA, BATLAB, DETL, SSLS EFRC, CINT, etc

• World class, multi-disciplinary research teams with a deep understanding of how 
our materials and device research can advance the missions

• Partnerships: Strong relationships with select labs, academia and industry

• Highly relevant historical expertise and ongoing research programs
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