
Adaptable to any existing 
lithium-ion technology

Requires no additional 
instrumentation setup

20-50% power performance 
improvement

10% volumetric energy density 
improvement

Promised longer lifetimes

Researchers at Berkeley Lab:
Gao Liu, Vince Battaglia, and Honghe Zheng

Three Types of Full Lithium-ion Cells
Cathode: AB, PVDF, active material, same graphite anode
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Contact: Gao Liu

Lawrence Berkeley National Laboratory, 1 Cyclotron Rd., MS 70R108B, Berkeley, CA 94720
Office Phone: (510) 486-7207  •  Office Fax: (510) 486-7303  •  E-mail: Gliu@lbl.gov

Higher Binder Content—
Lower Internal Resistance

Significant Improvement
on Li+ Kinetics

The Technology:
A few percent change of existing formulation brings 
significant power performance improvement.

for
Plug-in-Hybrid
Electric Vehicles

Consumer
Electronics

Medical Devices

Power Tools

New Technology

Lower than electrolyte conductivity
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Current
Technologies

Low impedance
High durability

High interface resistance
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Building-Related Symptoms

Risk Factor OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Central humidification 

Cleaning of cooling
coils/drain pans 

    annually 1.92 0.89, 4.15 . . . . . . 1.67* 1.15, 2.41 1.36 0.97, 1.91 1.57* 1.09, 2.25 . . . . . . 

    as needed or none 1.56 0.71, 3.42 . . . . . . 1.48* 1.01, 2.17 1.13 0.80, 1.59 1.47* 1.03, 2.11 . . . . . . 

Inspection of HVAC 
components

    quarterly to annually 1.17 0.80, 1.70 0.75 0.52, 1.07 0.94 0.76, 1.17 1.08 0.85, 1.36 0.75* 0.61, 0.91 . . . . . . 
    as needed or none 1.50 0.95, 2.37 1.48 0.98, 2.24 1.60* 1.21, 2.10 2.18* 1.55, 3.06 0.88 0.67, 1.16 . . . . . . 

Height of outdoor air 
intake above ground
    > 60 m 1.00 . . . 1.00 . . . 1.00 . . . 1.00 . . . 1.00 . . . 1.00 . . . 

    > 30 to <= 60 m 2.04* 1.01, 4.11 2.67* 1.75, 4.09 1.64* 1.07, 2.53 1.74* 1.18, 2.56 1.32 0.88, 1.98 2.47* 1.11, 5.47
    > 0 to <= 30 m 1.14 0.59, 2.21 1.98* 1.37, 2.86 1.40 0.96, 2.04 1.74* 1.23, 2.47 1.69* 1.18, 2.41 2.62* 1.22, 5.59
    > -3 to <= 0 m 1.87 0.91, 3.86 2.11* 1.40, 3.18 1.13 0.70, 1.81 2.13* 1.41, 3.21 1.74* 1.15, 2.62 2.25 0.97, 5.22

Number of observations 
(occupants) in model 4,022 3,718 3,688 4,106 4,018 3,884

Number of buildings in 
model 95 85 84 95 95 95

. . . 

    semi-annually or more

. . . 1.00 . . . . . . . . . 1.00 . . . 1.00    semi-quarterly or more 1.00 . . . 1.00

1.00 . . . . . . . . . 1.00 . . . 1.00 . . . 1.00 . . . . . . . . . 

1.02, 2.681.23, 2.26 1.34 0.97, 1.85 1.65*1.09, 2.05 1.46* 1.05, 2.03 1.67*    humidified—poor 
maintenance/ condition 

. . . . . . 1.49*

1.34 0.98, 1.85 0.47* 0.23, 0.96

. . . 

    humidified—good or 
fair maintenance/ 
condition

. . . . . . 1.14 0.84, 1.55 0.91 0.64, 1.29 0.79 0.56, 1.10

. . . 1.00 . . . 1.00. . . 1.00 . . . 1.00    no humidification . . . . . . 1.00

Weekly, Building-Related Symptom Outcomes
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2007 R&D 100 Award

Lawrence Berkeley 
National Laboratory

Tests  at Lawrence Berkeley National 
Laboratory and at Solar Turbines Inc. in 
its Taurus 70 gas turbine for electricity 
generation showed that the combustors with 
the LSI emit 2 parts per million of NOx 
(corrected to 15% oxygen)—more than five 
times less than current low-NOx technology.

Developed by:

Robert Cheng and David Littlejohn, 
Lawrence Berkeley National Laboratory

Kennth O. Smith and Wazeem Nazeer, 
Solar Turbines Inc., San Diego

The Low Swirl Injector (LSI):

is a simple and cost-effective 
ultrlow-emissions combustion technolgy

burns a variety of fuels, including
natural gas, biogas, syngas, and hydrogen

adaptable to gas turbines and heating
equipment of all sizes

could eliminate millions of tons of 
carbon dioxide and thousands of tons
of nitrogen oxides (NO2) from clean-coal 
IGCC power plants each year

Low Swirl Injector 
for Fuel-Flexible, Near-Zero Emissions
Gas Turbines


