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2 Presentation_name 

Today, ORNL is DOE’s Largest Science 
and Energy Laboratory 

 Nation’s largest 
materials research portfolio 

 World’s most powerful open 
scientific computing facility 

 $1.5B budget 

 4,400 employees 

 3,000 research 
guests annually 

 $750 million invested 
in modernization 

 Nation’s most diverse energy 
portfolio 

 Operating the world’s most 
intense pulsed neutron 
source 

 Managing the billion-dollar 
U.S. ITER project 
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ORNL mission 

Deliver scientific discoveries and technical breakthroughs that will accelerate the development and 
deployment of solutions in clean energy and global security, and in doing so create economic 
opportunity for the nation 

  

3 Managed by UT-Battelle 
 for the U.S. Department of Energy 
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Secondary use 

Component 

Cell   

Stack 

System 

Flow batteries Next generation Power electronics 

High-efficient,  
bi-directional  

Wide band gap 

Energy storage for stationary applications 

GLIDES: Combines 
compressed air with 

pumped storage  

Ultra-capacitors: 
Graphene based 

Partnership  
with GM and ABB to test 
vehicle batteries for grid 

Working with other 
systems (Fiat, Spiers) 
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Secondary Use Mixed Integer 
Linear 

Optimization 

Utility 
Rates 

Battery 
Model 

Energy 
Demand 

Optimal 
Battery 

Dispatch 

Cost/Saving
s   

Objectives: 

• Broadening the 
customer base the 
with a low cost energy 
storage solution. 

• Integrated energy 
system to increase 
value of storage. 

• Overcoming 
secondary-use energy 
storage challenges. 

• Distributing knowledge 
to the next generation 
of technicians. 
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Energy Storage Deployment - EPB 

• Project goal is to deploy and 
economically evaluate a flow 
battery ES with EPB 

• EPB is a municipally-owned 
distribution utility serving 
175,000 homes in 
Chattanooga, TN 

• Current objective is to 
develop use cases and plan 
energy storage deployment 

• EPB is installing 1.3 MW of 
PV 
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 Membranes for Non-aqueous Redox  Flow Batteries 
 

 Goal: Develop Na-ion conducting membranes for high energy density anion radical based redox flow batteries 
 

Approach: Using tetraethylene glycol dimethyl ether (TEGDME) as a plasticizer we increase the ionic conductivity of 
poly(ethylene oxide) PEO membranes by several order of magnitude using  sodium triflate(NaTFS) and sodium 
bis(trifluoromethanesulnonyl)imide(NaTFSI) salts. We   are also screening compatible polymers that can increase the 
mechanical robustness of the  membranes  without compromising on the conductivity.  
 

Results: 1. Plasticizing with TEGDME yields 3 orders of magnitude increase in ionic conductivity for NaTFS and 4 orders of 
magnitude increase for NaTFSI.  
2. Blending 1-5 wt% Carboxymethulose (CMC)  improved the mechanical strength of the PEO-TEGDME membrane (in 
progress).   
  
 
     

Jagjit Nanda, Frank Delnick, Zhijian Tang and Thomas Zawodzinski 
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Component Research for Redox Flow Batteries and 
‘Open’ Batteries 

Objectives:  Improve Performance of Open/Flow Batteries Through Component 
Optimization 

1. New membrane studies w/SNL 

2. Studies of transport in carbon electrodes 

3. Translating VRB research to WattJoule 

4. New Directions based on studying key components 

– ‘High’ performance Nonaqueous RFBs 

5. Initiated joint efforts with PNNL 

6. 7 papers submitted/published in FY16 

Tom Zawodzinski and Zhijiang Tang 

FY16 Accomplishments FY17 Goals 

1. Continue component studies to improve 
membranes and electrodes 

Need radical improvements in membranes for new chemistries; 

Exploring paths to high energy density 

2. Developing new diagnostics for transport, failure 
modes and durability 

3. Strengthen and grow interactions 

– Continue to disseminate findings to industry 
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Goal - To develop a unique, low-cost, high 

round trip efficiency (RTE) storage 

technology for building applications Charging Mode 

Discharging/Power Delivery Mode 

Leverages Additive Manufacturing 

•World’s smallest Pelton turbine bucket 

•Unique design due to high head and small 

jet diameter 

•Geometrically complex and property-

sensitive Pelton buckets 

•Done in a relatively short time period and 

cost-effectively  

PI: Ayyoub Momen 

 LDRD – GLIDES - Ground-Level Integrated Diverse Energy Storage 
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Integrated Energy Systems 

Building 
Technologies 

Advanced 
Manufacturing 

Vehicle 
Technologies 

Sustainable 
Electricity 

AMIE 
demonstration 

project 

AMIE demonstration project at EERE Industry Day, Sept 23 
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Advanced Manufacturing and Integrated Systems. 

Secondary use battery 
storage 

Wireless power transfer 
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Complete System-Level Efficient and 
Interoperable Solution for Microgrid Integrated 
Controls (CSEISMIC) 

Objectives & Outcomes 
 • Increase resiliency, reliability, and efficiency of 

distribution systems through microgrid 

research. 

• Develop an Open-Source Microgrid Platform 

with advanced communications, optimization, 

and control capabilities. 

• Supports Energy Management 

• Islanding and Resynchronization of 

Resources 

• Voltage and Frequency control while 

islanded 

• Visualization of Data 

• User Controls and Interface. 

 

 

12 
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Objective 

Cost 

Reliability 

Off-
grid 

• Cost-efficient design based on 
improved optimization model 

• Accelerate deployment of 
Microgrids 

• Dedicated design support tool for 
remote off-grid communities 

• Free and Open source tool 
• Integrated 

resources/component 
constraints and power flow 
model  

• “N-1” reliability 
• Transient reliability (optional) 

• Develop, demonstrate, and transit a comprehensive design support tool named Microgrid 
Assisted Design for Remote Areas (MADRA) for supporting the cost-effective design of off-
grid AC and DC microgrids in remote areas. 
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ORNL Grid Testing Capabilities 

Conductors Cables  Distribution High Voltage 

 

• Advanced conductor 

testing: accelerated aging, 

remaining life, coatings and 

auxiliary equipment 

• High-current (5,000A), low-

voltage (400V) dc induces 

thermal testing (300 C) 2400 feet 

conductors 

 

 

• Cables: up to 50 m  

• Test capabilities up to 80kA; three 

phase to 4kA 

• DC currents to 25 kA;  

• Tested Inherent HTS fault current 

limiter: 60kA fault current limited 

to 32kA in one cycle.  

 

 

 

• DECC facility provides 

• Smart inverters, distributed 

systems, microgrid 

• AMI Interoperability test-bed 

• Protection schemes for renewable 

integration 

• Intelligent buildings 

• EV, PHEV and energy storage 

 

• Electrical insulation 

• High voltage: 500-kV impulse 

generator  

• Partial discharge analysis 

• Ultra-high-speed streak/framing 

camera 

• Gas chromatography mass 

spectrometers 
 
 

MVA pulse 

transformers for 

fault-current 

limit testing 

Electrical power feeder to 

ORNL’s Cable Test 

Facility. The 13.8 kV power 

is fed directly to two 5.1 

MVA transformers for fault 

current testing of electrical 

grid devices. 
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EV Charging 
Infrastructure 

Power Electronics 
Manufacturing Demonstration 

Facility 
Buildings Integration MAXLab 

• Developed  
through CRADA 

• EVSE – 80% charge in 30 
minutes 

• Solar Canopy (47kW) 

• Battery – lead acid (84kWh) 

• Data & communication 
equipment  

• Circuit topologies 

• Accelerated Aging & Testing; up 
to 20kV, difff pulse shapes 

• Thermal Mgmt & High 
temperature packaging 

• WBG devices 

• Carbon Fiber facility to develop low-
cost products 

• Additive Manufacturing for metals & 
polymers 

• Neutron Imaging 

• Energy storage manufacturing – 
assembly, thermal processing, 
materials handling 

 

• Commercial Buildings Energy 
efficiency facility 

• Flexible research platform to test & 
evaluate buildings automation and grid 
impacts 

Vehicle & Buildings to Grid Capabilities 

Power Device Packaging 

Laboratory 

WBG DATA Facility 


