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DOE OE Storage Program Structure at PNNL

Cost Competitive Technologies (Wei Wang)
Develop material and system enhancements to resolve key cost and 
performance challenges for energy storage devices.

Safety and Reliability (David Reed)
Develop scientifically derived knowledge base for new protocols and standards 
to enable safer and more energy storage systems. 

Equitable Regulatory Environment (Rebecca O’Neil/Jeremy Twitchell)
Support an equitable regulatory environment for energy storage applications by 
providing information and analysis with regulators to support advanced 
investigations into storage.

Industrial Acceptance (Patrick Balducci)
Enable the confident development, deployment and operation of grid energy 
storage through controlled testing and valuation of field deployed systems.  
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Cost Competitive Technologies
Flow Battery Development

 Wei Wang – PNNL Session Thrust 
(9/25 - 4:00-5:15 pm)

 Vijay Murugesan - Flow Battery 
Electrolyte Chemistry 
Development (9/25 – 4:00 pm)

 Aaron Hollas - Aqueous Soluble 
Flow Battery Development (9/25 –
4:15 pm)

 Zimin Nie – Mechanistic 
Understanding of V Electrolytes 
(Poster: 9/26 – 5:00 pm)

 Michael Aziz (Harvard) – Alkaline 
ASO Flow Battery Electrolytes 
(9/26 – 2:30 pm)

 Brian Berland (ITN) -Advanced Bi-
additive Vanadium Sulfate 
Electrolyte (9/26 – 3:45 pm)

FY18: Demonstrated new Aqueous Soluble Organic 
(ASO) redox flow battery electrolyte capable of meeting 

$250/kWh cost target for a projected1MW/4MWh 
system



Cost Competitive Technologies
Na based technologies

FY18: Developed and demonstrated three novel 
sodium ion anode materials with capacities (350 

mAh/g) comparable to Li-ion
FY19 – scale to pouch cells
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FY18: Demonstrated 40% improvement in 
energy density for low-cost N-FeCl2 battery 

enabling complete usage of available material 
capacity.

 Guosheng Li - Intermediate Temperature 
Na-metal Halide (9/25 - 4:30pm)

 Xiaochuan Lu – Fabrication of Flexible 
Composite Electrolytes (Poster: 9/26 –
5:00 pm)

 Guosheng Li – Cell Design and Testing of 
Na-Metal Halide (Poster: 9/26 – 5:00 pm)

 Xiaolin Li - Na-ion Battery 
Development (9/25 - 4:45pm)

 Biwei Xiao – Cathode Materials for Na-
ion Batteries (Poster: 9/26 – 5:00 pm)



Cost Competitive Technologies
Zn – MnO2 batteries

F18: Identified neutral pH electrolyte and 
electrode components to stabilize Zn-MnO2 over 

thousands of cycles

cycles

 Huilin Pan – Mild Aqueous Electrolytes for Zn-MnO2
(Poster: 9/26 – 5:00 pm)

 Hee Jung Chang - Zn-MnO2 Battery Characterization 
(Poster: 9/26 – 5:00 pm)



Safety and Reliability Thrust
Safety

 Charlie Vartanian - Codes and Standards Update (9/26 – 3:15 pm)
 Charlie Vartanian – IEEE ES Task Force Overview (9/26 – 5:00 pm) 

Energy Storage Systems Roadmap

FY18: Hosted 2018 Energy Storage 
Systems Safety and Reliability Forum 

in Seattle. 100 attendees 

FY18: Initiated monthly Storage CSR 
newsletter. 



Safety and Reliability
Reliability

 Daiwon Choi - Li-ion Battery Chemistries under Grid Duty Cycles (9/25 – 5:00 pm
 David Reed – Reliability Laboratory at PNNL (Poster: 9/26 – 5:00 pm)
 Bin Li – Reliability studies V/V RFB batteries (Poster: 9/26 – 5:00 pm)

FY18: Continued testing on Li ion cells (NMC, 
NCA, LFP) showing impact of grid duty cycles

ESS Systems Reliability Laboratory 
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FY18: Launched ESS Reliability Lab to provide 
Independent validation of kW scale; flow, Li-
ion, Na-metal halide, Pb-acid systems under 

grid duty cycles. 



Regulatory and Industrial Acceptance

 Jeremy Twitchell - State Regulatory 
Engagement (9/25 – 3:00 pm)

 Jeremy Twitchell – IRP Analysis (9/26 –
5:00 pm) 

FY18: Developed 1-day Energy 
Storage Seminar for (WECC) and 

the State PUC’s within WECC.

FY18: Established MOU with 
Public Utility Commission of 
Nevada (PUCN) to provide 

technical support to the PUC as 
they implement Nevada State Bill 

204

FY18: Launched Energy Storage 
Policy Database



Industrial Acceptance
Supporting 100MWh at 13 sites
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 PNNL Industrial Acceptance Session overview (Patrick Balducci 9/25 – 2:00 pm 

 Vish Viswanathan - Battery Storage State of Health Model  (9/25 – 2:10 pm)
 Jan Alam - Control System Enhancement Using the OPET (9/25 – 2:20 pm)
 Di Wu - HECO Demand Response Tool (9/25 – 2:30 pm)
 Kendall Mongrid – Market Analysis Small Modular Pumped Hydro (9/26 – 5:00 pm)
 Alastair Crawford – WA CEF Performance Results (9/26 – 5:00 pm)

• FY18: Supported economic benefits analysis of various storage 
technologies at 10 sites across the U.S. 

• FY18: Developed Optimization Performance Evaluation Tool (OPET) 
software tool for analyzing the performance of energy storage controls 
systems 

Energy Environ. Sci., 2018, 11, 1926—1944



FY18 Publications
1. Biwei Xiao, Fernando Soto, Meng Gu, Kee Sung Han, Junhua Song, Hui Wang, Mark H. Engelhard, Vijayakumar 

Murugesan, Karl T. Mueller, David Reed, Vincent Sprenkle, Perla B. Balbuena, Xiaolin Li."Lithium‐Pretreated Hard 
Carbon as High‐Performance Sodium‐Ion Battery Anodes."Advanced Energy Materials 8 (24) 1801441 (August 
2018).

2. Guosheng Li."Turning Cooler."Nature Energy (August 2018).

3. Keeyoung Jung, Hee-Jung Chang, Jeffery F. Bonnett, Nathan L. Canfield, Vincent L. Sprenkle, Guosheng Li."An
advanced Na-NiCl2 battery using bi-layer (dense/micro-porous) β″-alumina solid-state electrolytes."Journal of 
Power Sources 396: 297-303 (August 2018).

4. Damien Saurel, Brahim Orayech, Biwei Xiao, Daniel Carriazo, Xiaolin Li, Teófilo Rojo."From Charge Storage 
Mechanism to Performance: A Roadmap toward High Specific Energy Sodium‐Ion Batteries through Carbon 
Anode Optimization."Advanced Energy Materials 8 (17) 1703268 (June 2018).

5. Junhua Song, Biwei Xiao, Yuehe Lin, Kang Xu, Xiaolin Li."Interphases in Sodium‐Ion Batteries."Advanced Energy 
Materials 8 (17) 1703082 (June 2018).

6. Aaron Hollas, Xiaoliang Wei, Vijayakumar Murugesan, Zimin Nie, Bin Li, David Reed, Jun Liu, Vincent Sprenkle & 
Wei Wang."A biomimetic high-capacity phenazine-based anolyte for aqueous organic redox flow 
batteries."Nature Energy 3: 508-514 (June 2018).

7. Patrick J. Balducci, M. Jan E. Alam, Trevor D. Hardy, Di Wu."Assigning value to energy storage systems at multiple 
points in an electrical grid."Energy & Environmental Science (June 2018).

8. Xie C,Zhang H,Xu W, Wang W, Li X. "'A Long Cycle Life, Self-Healing Zinc-Iodine Flow Battery with High Power 
Density" Angew Chem Internatioan Ed.  (May, 2018) 

9. Zhaoxin Yu, Shun-Li Shang, Yue Gao, Daiwei Wang, Xiaolin Li, Ki-Kui Liu, Donghai Wang."A quaternary sodium 
superionic conductor - Na10.8Sn1.9PS11.8."Nano Energy 47: 325-330 (May 2018).



FY18 Publications (cont.)
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10. Daiwon Choi, Prashanth H. Jampani, J.R.P. Jayakody, Steven G. Greenbaum, Prashant N. Kumta."Synthesis, 
surface chemistry and pseudocapacitance mechanisms of VN nanocrystals derived by a simple two-step halide 
approach."Materials Science and Engineering: B 230: 8-19 (April 2018).

11. Alasdair J. Crawford, Qian Huang, Michael C.W. Kintner-Meyer, Ji-Guang Zhang, David M. Reed, Vincent L. 
Sprenkle, Vilayanur V. Viswanathan, Daiwon Choi."Lifecycle comparison of selected Li-ion battery chemistries 
under grid and electric vehicle duty cycle combinations."Journal of Power Sources 380: 185-193 (March 2018).

12. Saurel, D; Orayech, B; Xiao, B; Carriazo, D; Li,X;Rojo T. "'From Charge Storage Mechanism to Performance: A 
Roadmap toward High Specific Energy Sodium‐Ion Batteries through Carbon Anode Optimization" Advanced 
Energy Materials.  (March, 2018) 

13. Chang HJ ,Lu X ,Bonnett J F,Canfield N L,Son S ,Park YC ,Jung K ,Sprenkle V L,Li G. "'Ni-less' Cathodes for High 
Energy Density, Intermediate Temperature"Advanced Materials Interfaces. 1701592 (March, 2018) 

14. Shaofang Fu, Junhua Song, Chengzhou Zhu, Gui-Liang Xu, Khalil Amine, Chengjun Sun, Xiaolin Li, Mark H 
Engelhard, Dan Du, Yuehu Lin."Ultrafine and highly disordered Ni2Fe1 nanofoams enabled highly efficient 
oxygen evolution reaction in alkaline electrolyte."Nano Energy 44: 319-326 (February 2018).

15. Pan, H.; Li, B.; Mei, D.; Nie, Z.; Shao, Y.; Li, G.; Li, X. S.; Han, K. S.; Mueller, K. T.; Sprenkle, V.; Liu, J. " Controlling 
Solid–Liquid Conversion Reactions for a Highly Reversible Aqueous Zinc–Iodine Battery" ACS Energy Letters 
2:2674-2680 (Oct. 2017).

16. Junhua Song, Pengfei Yan, Langli Luo, Xingguo Qi, Xiaohui Rong, Jianming Zheng, Biwei Xiao, Shuo Feng, 
Chongmin Wang, Yong-Sheng Hu, Yuehe Lin, Vincent L. Sprenkle, Xiaolin Li."Yolk-shell structured Sb@C anodes 
for high energy Na-ion batteries."Nano Energy 40: 504-511 (October 2017).

17. Lu, X, HJ Chang, JF Bonnett, NL Canfield, K Jung, VL Sprenkle, G Li. "Effect of cathode thickness on the 
performance of planar Na-NiCl2 battery." Journal of Power Sources 365: 456-462 (Oct. 2017).



FY18 Patents and IP

http://energystorage.pnnl.gov/

FY 18 US Patents Issued

• U.S. Patent No. 9,960,443, Issued May. 1, 2018. Redox flow batteries having multiple electroactive elements

• U.S. Patent No. 9,819,039, Issued Nov. 14, 2017. Redox flow batteries based on supporting solutions containing 
chloride

• U.S. Patent No. 9,793,566, Issued Oct. 17, 2017. Aqueous electrolytes for redox flow battery systems

• 3 new US Patent Applications

• 1 new technology licenses 

• (32 total for technology and evaluation tools developed on PNNL OE Grid Storage Portfolio+16 )
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