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OVERVIEW:  This presentation will disclose new capabilities of Li-Ion battery packs made possible by 
recent advances in Li-Ion cell technology and in the control electronics for building battery packs 
using both conventional cells and the more advanced cells.

This presentation will cover the following:

I. The presentation will begin with an overview of some of the recent advances in Li-Ion cell 
design and battery pack controller design that take advantage of Li-Ion’s higher energy density 
and that are particularly useful for UPS and SOLAR panel applications.

II. An example of a proposed high power UPS battery system utilizing the new advances will be 
compared with a conventional SLA implementation.  The comparison highlights the potential 
advantages offered by Li-Ion not only of energy density but of back up system recovery and 
longevity.

III. A prototype of the proposed 20KW UPS battery system utilizing only one battery pack, was 
constructed using high power Kokam Li-Ion Polymer cells.  Photographs of details involved with 
constructing this battery pack are presented.

IV. The high power battery pack was tested using a relatively inexpensive load box.  The test 
system and test results in graphical form are presented.

V. The presentation will take something of a different turn to show how the recent advances in Li-
Ion Cells and Control Technology are also being applied to compact Solar Cell & Battery pack 
powered systems.  This part of the presentation will begin by comparing a conventional SLA 
battery and solar cell power system with a Li-Ion battery and solar cell power system.  The Li-
Ion system has the unique advantage of integrating the battery with the battery pack to simplify 
connections and operation.

VI. Illustrations of the new Li-Ion battery and solar cell power system are provided.  Two 
approaches are shown; one using conventional Li-Ion cylindrical cells and one using space 
saving Li-Ion polymer cells.  Photographs of prototypes of these systems are shown and 
ongoing tests are illustrated.

VII. The presentation having already demonstrated the feasibility of these new applications for Li-Ion 
and Li-Ion Polymer battery packs will conclude with challenges that remain before transitioning 
from prototype systems to production systems.

As noted, the design details discussed are protected under one or more patents already awarded or 

pending.
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OVERVIEW OF RECENT ADVANCES:
1. Most conventional Li-Ion cells are limited in cold discharge to -20°C.  Some manufacturers are making cells whose cold 

temperature discharge extends down to -40°C which make the cells more practical for operation in extreme cold 
environments.  

2. Traditional Li-Ion LiCO2 cells have been limited in their power handling capability to no more than 2C.  Recently, however, 
new cell construction methods have increased the power handling capability of some Li-Ion Polymer cells by an order of 
magnitude making 20C discharge rates not only feasible, but practical.  This has been done by Kokam without having to use 
exotic cell chemistries.  This means that methods already developed and proven for gas gauging and cell balancing can be 
used with these cells.

3. Surprisingly, the new construction methods of the Kokam Li-Ion polymer cells have been combined with an increase in cycle 
life of about 5 times over conventional SLA cells and 3 times over conventional Li-Ion cylindrical cells.

4. Li-Ion cell life has often been limited because the chemistry does not contain a means of balancing the cells using an 
overcharge method like that used with SLA, NiCAD, & NiMH cells.  Recent advances in electronic cell balancing promise to
increase multi-cell Li-Ion battery packs to the inherent capability of an individual cell which is on the order of 5 to 10 years.  
SWE’s unique patented method of doing cell balancing continuously during not only charge, but during discharge, 
quiescence, and storage, takes Li-Ion cell balancing to a new level of ease of use and immediate system availability that 
cannot be done with conventional Li-Ion cell balancing which is active only during the charge cycle. A full disclosure of this 
method is beyond the scope of this presentation; however, a copy of the presentation can be provide if you contact me after 
this presentation.

5. As Li-Ion battery packs get larger, approaching 100Ah and beyond, it becomes necessary to provide cell balancing that is 
capable of doing discharge balancing corrections at higher currents.  SWE’s patented method is typically over 20 times higher 
in balancing current capability than conventional methods used in most laptop computer battery packs.

6. Li-Ion pack protect circuits have traditionally been limited to no more than 4 series connected cells – a nominal voltage of 
14.8 Volts.  There is more of a demand in high power systems for higher voltage battery packs.  Unique circuit design 
overlaying the traditional Li-Ion pack protect devices are now available for pack voltages of 48 Volts, 60 Volts, 90 Volts , and 
even 120 Volts!

7. High voltage battery packs constructed with conventional 4 series pack protect circuits contain automatic balancing among 
the 4 series cells.  However, as packs are constructed that connect these 4 series pack modules in series to obtain the higher 
voltages, balancing among the modules is usually required to be done at periodic, manual, maintenance intervals.  SWE has 
developed a fully automatic balancing capability for high voltage battery packs that utilize series connected modules in UPS 
and Solar battery packs.

8. SWE’s patent pending method of integrating the battery pack into the solar panel has made the solar panel less complex and 
much easier to use.  Just connect it and forget it – everything is built in and is automatic.

9. Charging a Li-Ion battery pack has traditionally required a complex, precise, and expensive specialized Li-Ion charger.  New 
pack protect circuits now have the capability to utilize the microprocessor power within them to incorporate charge regulation. 
What this means is that the battery pack can be connected directly to a solar panel without the requiring an external charge 
regulator common to SLA.  The same circuit also allows back-up charging of Li-Ion batteries for UPS systems where charging 
can be done using only a current and voltage limited power supply.

10. The synergy of these advances provide less stress and maximum capacity during the cycle life of a Li-Ion battery pack.  Less 
stress for Li-Ion packs is defined as staying away from cell damaging over-charging or over-discharging that can happen as a 
result of unbalanced series sections.   Continuous balancing results a battery pack that is always in balance and that is not 
stressed by repeatedly incomplete re-balancing cycles.  Combine this with the increased cycle life of Kodam cell construction, 
and it becomes reasonable to expect Li-Ion battery life to double from 3 to 5 years to 5 to 10 years.
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KOKAM
PARAMETER SLA POLYMER RATIO   
PART DESIGNATION     HR22-12(16)    SLPB 45205130P    (CELLS) 96:56
# OF DRAWERS 4 1 4:1
POWER FOR 3 MIN 20 KW 20 KW 1:1
20 KW DSG VOLTAGE 44 V 46 V 1:1.05
FLOAT VOLTAGE 54.8V 56.4V 1:1.03
3 MIN CAPACITY 1 KWH 1 KWH 1:1
15 MIN CAPACITY 1.8 KWH 1.2 KWH                           1.5:1
C/10 CAPACITY 4 KWH 1.2 KWH                           3.3:1
FULL CHARGE TIME 20 HRS 2 HRS                                10:1
BATTERY WEIGHT 230 LBS 46 LBS 5:1
BATTERY SIZE 2230 CU IN 674 CU IN                        3.3:1
EST FLT LIFE @25°C 3-5 YRS 5-10 YRS 1:2

A high power Li-Ion UPS Battery System is proposed that has similar power capability to existing 
SLA systems that are able to provide 3 minutes of high power discharge.  The purpose of this 
capability being to provide full power long enough to turn on, and switch to, a secondary back-
up power source.

These two systems are compared on this slide.  NOTE THE FOLLOWING: 

1. The number of SLA cells is 96 (16, 12 volt batteries X 6 cells /battery) compared to 56 Li-Ion 
Polymer cells.  REASON:    The higher voltage of a Li-Ion cell (3.7 nom VS 2.2 for SLA) and 
the    lower internal impedance of the Li-Ion polymer cell.

2. The SLA battery requires 4, half rack drawers (4, 12 V batteriesper drawer) while the Li-Ion 
Polymer battery requires only 1, half rack drawer (1, 48 V battery in the drawer).  This is a 4 to 
1 savings on rack space.

3. In this example the Li-Ion Polymer battery was sized so that its 3 minute capacity was 
comparable to the high power SLA battery system.  Note that it requires less AH capacity for the 
Kokam Li-Ion Polymer battery.  This is because the Kokam cell has superior (lower) internal 
resistance than the high current SLA batteries.

4. The recharge time of the Li-Ion battery is 10 times faster than the SLA battery.  The reason for 
this is that SLA requires a slow charge time to avoid sulfation of its plates.  The Li-Ion cell 
chemistry does not this and can, therefore, be charged much faster.

5. Battery weight savings of 5:1 makes battery installation and maintenance less dangerous.

6. The life expectancy of Li-Ion Polymer is twice that of SLA when Continuous Balancing is used 
with the Li-Ion Polymer battery.

7. The capacity of the Li-Ion Polymer cells in this table represents 80% of the cells’ data sheet 
(max) capacity.  The reason for this is that a Li-Ion cell must not be kept at a continuous 
capacity of about 80% when used for back-up or it will permanently lose as much as 10 to 20%  
capacity every 6 to 12 months (depending on temperature).  
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The next several slides are photos of the construction and testing of the high power 
Li-Ion Polymer battery pack proposed in the previous slide. 
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The Kokam Li-Ion Polymer cell selected has wide copper and aluminum tabs for 
power connections.  

Each tab is capable of more than 100 amps of discharge current. 

In order to evenly and efficiently distribute current across the tabs when the cells are 
parallel and series connected, the tabs are prepared using a custom die set to punch 
8, #4 holes while simultaneously trimming off excess tab length.

The picture in this slide is the air operated die punch and shear built to enable the 
high current interconnections of both series and parallel cells.
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After punching and trimming the tabs, the cells were put into a fixture to bend the 
tabs at a 90 degree angle.  

Spacers were also added as required so that a set of 2 cell tabs could interlock and 
align.

The idea was to provide a ¼” wide nut plate for assembling pre-punched copper 
straps for a high current (400 amp) interconnect of the cells.

Attachment of the pack protect voltage sense lines and power I/O can be made using 
the same high current straps.

When all 56 cells were punched, trimmed, and properly bent, then the pack is ready 
for assembly. 
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Shown is the assembled 14S4P battery pack.  

If you look carefully you can notice that it is constructed as a 4S4P module followed by a 3S4P 
module followed by another 4S4P module and another 3S4P module.

Each module will be monitored by a standard pack protect circuit that samples each cell’ s voltage, 
the module’s temperature, the module’s current, and provides for charge control. 

In this particular architecture, current is not passed solely through the pack protect circuit but is 
simply sampled in each of the 4 pack protect circuits as a voltage drop across 16 parallel 6” 16AWG 
wires.

The interconnection of individual cells is via 30/1000 thick copper bus bars (straps).  The bus bars 
are attached to sets of 2 cells’ overlapping tabs using brass screws and an aluminum nut plate. The 
pack interconnection is designed to minimize interconnection resistance.

Not shown are the 4 sets of pack protects, their voltage sense wires, and their output cable.  The 16 
wires connecting the negative output of the pack are shown; however, the 16 wires that will be 
connected to the positive output of the pack have not yet been attached. 

NOTE:  After the pack protect circuits were electrically attached, the circuits were installed within 
the pack and the whole pack was potted using a thermally conductive polyurethane compound.  The 
potting compound adds weight to the pack (a disadvantage) but it also adds mechanical strength, 
thermal stability, and increased safety (all advantages). 

The weight of 46 lbs was measured as the combined weight of battery cells, pack protect circuits, 
potting, wires, and a high current FET switch board assembly.
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When the battery pack assembly is completed it is connected to a400 Amp 
electronic switch PCA.  

The electronic switch PCA gathers status from the individual pack protect modules 
and logically combines them for charge and discharge protection of the cells, for 
temperature protection, for balancing control, and for charge regulation.

The foreground shows the load box which has sockets for up to 84, 250 Watt 
Halogen light bulbs (21 kW).  The purpose of the dark glasses is to shield the 
operator’s eyes from up to 600,000 Lumens of light from this load box.

Behind the load box is a high current (400 amp) mechanical switch that simulates 
UPS activation.

The power supply charger and the computer data collector are connected but are not 
in the camera’s field of view. 
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This slide is a schematic representation of the lab set-up shown in the previous 
picture.

The pack protect circuits are ones normally used for connecting lower current (8 
amp) battery packs to a load or charger.  In this configuration, these standard 
circuits are connected only for monitoring as the full current does not pass through 
them.  

The pack protect outputs are collected and summed on the High Current Protect 
PCA to provide temperature protection, over charge protection, over discharge 
protection, and pulse charge control.

The High Current Protect PCA is a highly parallel FET switch that provide 
connection of the battery pack to the high current load and to the charger.  Over 50 
sets of high current FET switches are installed on this PCA to provide the required 
400 amp discharge capability.

The battery pack charger is a simple voltage limited and current limited 750 Watt 
power supply.  Charge regulation is accomplished within each pack protect circuit 
whose status is monitored and summed by the high current Protect board. 
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This is a photograph of one of the tests in progress.

Note the smoke rising above the load box.  As it turns out, even with 4 fans 
blowing, 1200° F white paint on the box, tempered glass box top, silicon wiring 
insulation, ceramic bulb mounts, and silicon fan insulation, the load box radiant 
energy was so great that it heated up the boxes paint and the fans so that they 
burned and smoked.

The result was that the test had to be terminated after the 11KW test because this 
test caused enough heat and smoke to set off smoke detectors and the building fire 
alarm.

Firemen dispatched to the factory lab were cordial but obviously irritated.  

Never-the-less, the battery functioned exactly as expected and the data does show 
(through extrapolation to higher powers) that the comparison table initially shown is 
valid and can be physically realized.
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The next couple of slides are graphs of the data that was taken real time during the 
initial 4 KW tests and subsequent 11 KW tests.
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KOKAM POLYMER BATTERY PACK 4KW DISCHARGE
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This 4 KW load test averaged a little more than 80 Amps at about 50 Volts.

Discharge voltage is well maintained throughout thanks to the consistently low 
internal resistance of the cells.

Pack temperature rises a modest 12° C.

There is useable power for about 18 minutes.
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KOKAM POLYMER BATTERY PACK 11KW DISCHARGE
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This 11 KW load test averaged about 225 amps at about 49 volts.

Again discharge voltage is maintained throughout.

Pack temperature rises about 20° C.

Useable power is available for about 6 ½ minutes.

These data from 56 cells in a 14S4P arrangement effectively duplicate curves 
provided by Kokam and taken from tests of a single cell at a similar discharge rate 
of about 8C.

Extrapolating the data for 20 KW discharge at 15 C, the battery should easily 
maintain useable power for at least 3 minutes with an expected temperature rise of 
about 40° C or less.
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PARAMETER SLA LI-ION RATIO   
PART DESIGNATION     BPL65-12(1)    LR18650               (CELLS) 6:96
NOM VOLTAGE 12 V 11.1 V                             1.08:1
MAX VOLTAGE 12.8 V 12.1 V                             1.06:1
C/5 CAPACITY 655 WH 633 WH                           1.03:1
FULL CHARGE TIME 33 HOURS 33 HOURS 1:1
SYSTEM WEIGHT 69 LBS 23 LBS 3:1
SYSTEM SIZE 1280 CU IN 663 CU IN 2:1
EST USE LIFE @25°C 3-5 YRS 5-10 YRS 1:2

The previous UPS prototype pack was only completed and tested last month.  It represents the most 
recent ongoing development work at SWE.

SWE Li-Ion solar panels are at a more mature stage of development having gone through multiple 
prototype tests and now proceeding through long term temperature and reliability testing.

1. On this slide we, again, show a comparison of a Li-Ion battery pack with an SLA battery pack.  
This time the comparison is between a Li-Ion battery pack solar power system and an SLA solar 
power pack of similar energy capacity.

2. The comparison shown is one using industry standard 18650 cylindrical cells for the Li-Ion 
battery.  As will be shown later, Polymer cells can be used if a thinner panel is required.

3. Similar to the UPS example, the capacity of the Li-Ion battery pack in the table is actually 80% 
of cell data sheet max (charge power is controlled to 80% by the pack protect’s charge control 
circuits).  This is a more conservative capacity estimate of a system that is intended to be used 
primarily in a back-up application.  If the pack is used in a more cyclic application, its capacity 
can be increased by 10 to 15% by a simple factory modification of constants in the pack protect 
circuit’s configuration table.

4. The obvious advantages of Li-Ion are in size, weight, and estimated life.  Not so obvious is the 
simplification provided for installation, use, and maintenance. As will be shown later, all battery 
and battery system components are installed within the panel.  Only 2 wires are needed to 
connect this panel to its intended load.
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The next few illustrations show how the Li-Ion cells and the battery system 
components are mounted onto the solar panel. 
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This is an illustration of 2 different 10 Watt panel assemblies utilizing Li-Ion and 
Li-Ion Polymer batteries incorporated into the panel.

1. The top assembly is constructed using Li-Ion Polymer cells.  The cells would 
normally be potted to protect them from the environment.  However, this 
illustration shows what the assembly looks like prior to potting.  Notice that the 
top assembly is thinner than the bottom assembly.

2. The bottom assembly is constructed using industry standard cylindrical 18650 
cells.  This pack would also be potted to protect cells and electronics from the 
environment but is shown prior to potting to illustrate how the cells are 
arranged.
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This illustration is a close up view of the bottom illustration on the previous slide. 

Note the 2 small pack protect and charge control circuits mounted on the side edge.

This pack is capable of continuous discharge of about 18 amps but can be fused for 
less.

General pack specifications are shown on this slide.
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This is a photograph of a completed, potted, solar panel and Li-Ion battery 
assembly.  

This photograph is the physical construct of the previous slide.

Note that  it contains only 2 output wires for connecting to thesystem load.  What 
could be more simple?
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This is a photograph of an assembled Li-Ion Polymer solar panel battery assembly. 

The potted battery pack is mounted on the back of this 10 Watt panel.

Note that, though this panel has similar capacity to the previous one, it is much 
thinner.
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This slide is an illustration of a 20 Watt Li-Ion Solar panel battery assembly that has 
twice the capacity of the 10 Watt panel.

Notice that the panel is constructed using 2 identical battery packs mounted inside it 
instead of the single one used with the 10 Watt panel.

This slide illustrates how a single battery pack design can be combined to provide 
higher capacity requirements.
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This is a photograph of an actual Li-Ion Solar battery system built in accordance 
with the previous illustration.

Note the 2 separate modules.

Note, also, the simple 2 wire cable that is provided as a power connection to an 
external load.
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This is the front view of the preceding 20 Watt panel. 
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This is an illustration of on going thermal and reliability testing being done on these 
panels.

What SWE is specifically testing in this particular set-up is the effectiveness of 
different thermal insulation methods and materials.  

The insulation being tested is between the hot solar panel and the battery pack.

In a hot environment, good thermal insulation will lengthen the service life of the 
battery.  In a cold environment, thermal heat provided by the solar panel will 
provide higher capacity and higher discharge rate capability.  

Understanding how to engineer a panel for a specific environment is the purpose of 
this kind of testing.
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IN CONCLUSION:

a) The size, weight, and life cycle advantages of Li-Ion and Li-Ion Polymer batteries for both UPS and Solar 
battery power have been shown.

b) Improvements in Li-Ion capabilities have only recently become practical due to advances provided by 
continuous balancing, programmable internal charge control, and high power (Kokam) Polymer cells 
capable of providing extremely high discharge rate capabilities and 3 time the cycle life of cylindrical Li-
Ion cells.

SOME OF THE CONTINUING CHALLENGES WE ARE CURRENTLY FACING IS HOW TO BEST 
UTILIZE THESE ADVANTAGES.  SPECIFICALLY:

1. We have shown that by using Kokam Li-Ion Polymer cells we can put 4 times more power and 4 times 
more current in a given space than is achievable with SLA.  Our challenge is how to miniaturize high 
power control and distribution circuits to take advantage of this higher power density while maintaining or 
improving on reliability – Avoiding heat buildup and understanding how to control high current transients 
that are 4 times greater is the challenge.

2. Li-Ion batteries are more expensive than SLA batteries.  Our customers are just now being exposed to the 
advantages and are trying to translate these into cost of ownership dollars.  This is a new approach and 
mind set for some.

3. Only recently has Li-Ion been available for use in extremely cold environments where temperatures as low 
as -40 degrees C are not uncommon.  While it’s fairly well understood how cold affects Li-Ion capacity and 
discharge rates, it is not as well understood how to best charge these batteries at these same cold extremes.  
Of particular interest are Arctic solar panel applications.  What is a safe charge rate at specific low 
temperature extremes?  What methods can be devised for keeping cells at a warmer temperature during 
charging in an extremely cold environment?

4. This last bullet is one that is only going to get worse as Li-Ion battery pack size gets larger (as it invariably 
will).  At the moment, we know a lot about how to make a large Li-Ion battery pack safe during transport as 
well as during use.  However, because of the perceived potential for fire on an airplane from this much 
higher density energy source, government transportation restrictions are coming more and more frequently.   
Though the restrictions are tightening more on the larger packs, the number and severity of experienced 
instances of fire shows that the smaller, non rechargeable, primary lithium packs and cells have the higher 
incidence rates.  Where this will end up is anybody’s guess.  Our challenge is to provide the energy and 
power within the imposed government restrictions.  To do this may require more varied and novel battery 
pack architectures. 


