ISSN 1345-8426

2013.12
No. 69

T Tl —_a-X

B OSSR



FB>7_A)JNZ=21—X No0.69%

20134 (CEER254F) 12 A 347
¥ 47 EHEMR S
Bt R L r X 12-4-1

it # FBF 7= HL=a2—AWERES

WHERBE /N E—

e R B OBIR e EAE w2 N T, JOF B2
BOE IEAL 6% B, AH R

FEoan (RETERERCEY)
* VA EIE. BE(B045-336-5078) £ THEVHL X T,



B

1Tl _—a-X N0.69 2013.12

H &

BHE
UltraBattery € OBFE & 1 IBIER. € U THEBEIZ DWW T
Lan Trieu Lam Ph.D........... 1
X

~ A4 74 7))y P UltraBattery D 3% B
JUET ORI BB vl a5k 1S 13

P UltraBatteryl= & 2 & & 2 7 A 3255k
TAE B T W B I R GE 19

PEE 79 44 A VEBEMOBRRBEE FWITALTIL T4
KM Z AL F— AR 2T LFEET T Y 2 7 FADBH|
IR 206, P DL, KO- BEG. TSR B B SR L 26

INESR R [1Z° R X 2 Y F 7 4 A VB HOBH%E
AN I, M RS, KRB Rt PR SR L 32
SBA G 0603 DU L. (B M= — &8 il 2B 2 Hefhifaét)

rEYZX
Bl SRR G FE W B B (B E0) DZE IS DUNT e 40
WHEIEHER ! <274 27 AZEGEMIETL D T4 2 41
B aaign

F /3 AFERERIG /N 7 1) — ECHNO IS UltraBattery > V=2 ......ccocvveireeeeesreeeseeesensiensienes 42



FB
Technical News N0.69 2013. 12

Contents

Opening Remarks

UltraBattery™ —Development, Cooperation and Performance Lan Trieu Lam Ph.D.............. 1

Technical Papers

Field Trial of the Flooded-type UltraBattery for Micro-HEV Application
Yutaro Kawaguchi, Kouji Hirobe, Hirofumi Shimizu............ 13

Demonstration of the battery energy storage system using Stationary UltraBatteries
Akira Dobashi, Wataru Teduka, Yuu Miura, Jun Furukawa, Toshiyuki Sato............ 19

Development of the Stationary Lithium Ion Battery and
Participation in Keihanna Eco-City the Next-generation Energy and Social Systems

Yasuhiro Hakozaki, Yoshinobu Taira, Kenji Ohira, Isao Abe, Hidetoshi Abe............ 26
Development of Lithium-Ion Battery for the Asteroid Explorer “Hayabusa2”
Kazuya Koide, Terushige Hiruta, Hiroki Ooto, Hidetoshi Abe............ 32
Technological Analysis
The Revision of SBA G 0603
Battery Room-Technical Guidance for Battery Systems Tomobumi Shibano............ 39
Topics
About Change of the Standby Power Supply for Automatic Fire Information Equipment...........cccccoevniininiiiiinennn, 40
The Trike Equipped with the Magnesium Air Battery Ran from Iwaki to Sendai ...........ccoceovvciiiiiiiiiiiiiiiin, 41

New Products
Capacitor Hybridized Battery ECHNO IS UItraBattery.........ccocviiiiiiiiiiiiiiiiiie e 42



&
=]

FBFY=-—HhHJ=a2—2X No.69% (2013.12)

UltraBattery T OREEHBNIEFE. T L THEEEICOWT

UltraBattery™ — Development, Cooperation and Performance
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technology for 24 years and is the primary inventor of the UltraBattery™ — a step-
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Abstract

This article has highlighted the importance of
protecting the negative plate of the lead-acid battery
from discharge and charge at the high rates under
hybrid electric vehicle (HEV) and wind-energy duties.
A solution to this operational problem has been
demonstrated by the unique CSIRO UltraBattery - a
hybrid energy storage device, which combines a
supercapacitor and a lead-acid battery in one unit cell
without the need of extra electronic controls. The
supercapacitor can act as buffer to share the discharge
and charge currents with the lead-acid negative plate
and thus protect it being discharged and charge at the
high rates. Furthermore, this also helps to maintain the
balance of individual UltraBattery voltages in the
battery pack for a long time during HEV and
renewable-energy operations until the positive plates
become the limitation of the battery performance.
Consequently, the UltraBattery has shown
significantly long life in both laboratory tests and field
trials either in HEVs and wind- / solar-energy systems.
Clearly, the UltraBattery is a step-change technology
that will reduce the cost and boost the performance of
batteries in HEVs and renewable-energy systems. The
Furukawa Battery Co., Ltd., Japan and the East Penn
Manufacturing Co., Inc., USA. are under mass
producing this technology for conventional
automobile, HEV and renewable energy applications.
The wide spread use of HEVs and renewable-energy
systems, in turn, would lead to a reduction in global
consumption of the limited supplies of fossil fuels
and in the associated production of greenhouse-gas
emission. Thus, this will provide us with a ‘low-

carbon earth’.

1. Introduction

The emission of carbon dioxide from conventional
automobiles and coal-fired power stations is the major
contributor to global warming. The use of hybrid

electric vehicles (HEVs) and renewable-energy

2T

sources, such as wind and solar, would reduce this
problem and the dependence upon the limited supplies
of fossil fuels. Nevertheless, the key factor to promote
the wide adaption of such technologies either in
transport or in energy sectors is the energy-storage
device. Thus, the high performance energy storage,
particularly the storage of the electrical energy has

gained greater demand than ever before.

The HEVs house an internal combustion engine
(ICE), generator, electric motor and battery pack.
Basically, the ICE and the battery pack generate and
supply electricity to the motor to drive the wheels and
the electric motor can also use the electricity from the
generator and the wheels to charge the battery pack.
The electricity flow between the battery pack, ICE and
motor determines the type of HEV, namely, micro-,
mild-, medium-, full- and plug-in-hybrid (Table 1).
For micro-hybrid vehicles, the battery pack is required
to provide electricity to start the ICE and to operate
the on-board electronic devices such as, computer,
sound, video and navigation systems, etc. even during
the engine cut-off for a short period (e.g., vehicle stops
at the traffic light). For mild- and medium-hybrid
vehicles, in addition to engine start and stop, the
battery is required to supply electricity for acceleration
(e.g., motor assist) and to receive electricity from the
motor through regenerative braking. For full- and
plug-in-hybrid vehicles, the battery is further required
to supply electricity for short distances of pure electric
driving. The plug-in hybrid vehicle has a longer
electric-driving range than the full-hybrid and it also
houses an on-board charger, which can charge the
battery pack when parked. Under such various
demands of HEVs, the battery must be operated at
different state-of-charge (SoC) windows, namely,
95-85% SoC for micro hybrid to 100-30% SoC for
Plug-in hybrid. The system voltage of the HEVs
increases from 12 V in the micro hybrid to over 200 V

in the full and plug-in hybrid, while the battery
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capacity decreases from 50-60 Ah in the micro hybrid
to only 6 Ah in the full hybrid (Table 1). For a plug-in
hybrid, the battery capacity can be between 6 and 50 Ah
depending upon the requirement of pure electric-
driving range and the battery housing space. The fuel

savings of the HEVs increases from 5-10% in the

Table 1 Types of hybrid-electric vehicles and battery requirement

micro-hybrid to over 70% in the plug-in hybrid. All
the different types of hybrid electric vehicles demand
the battery to be discharged and charged at high rates.
High-rate discharge is necessary for engine cranking
and acceleration, while high-rate charge is associated

with regenerative braking.

Micro Mild Medium Full Plug-in
Regen. Braking * * K * K K * Kk Kk
Engine stop & start * * * * *
Motor assist * * * *
EV Drive * *
State-of-charge window (%) 95 -85 95 - 80 65 - 50 70 - 30 100 - 30
Battery voltage (V) 12 36 144 - 168 >200 >200
Battery capacity (Ah) 50 -70 15-20 6-8 6-8 30 - 50
Fuel saving (%) 5-10 10-25 45 - 55 50 - 60 >70

Note: blank = no requirement; one star = mild requirement; two stars = medium requirement; three stars = strong requirement.

The grid-connected wind- or solar-energy systems
house the wind turbine or solar panels, inverter,
charger and battery bank (Fig.1). The application of
grid-connected wind or solar energy faces two main
issues, namely, high variation of wind speed or solar
intensity and the intermittency of power output (power
only produced when the wind blows, or sun shines). It
is however that the variation of solar intensity is much
quicker and stronger than that of the wind, for
example, it can change from the maximum to zero
level or from zero to maximum level when the clouds
cover or move away from the sun, respectively. The
variation of wind speed or solar intensity can add

‘noise’ to the grid, whereas the intermittency of wind

or solar power can destabilize the network. One way
of dealing with such problems is to store energy
generated during windy or sunny periods in the on-site
batteries, to provide a smoother supply to the power
grid. The bulk of the energy travels straight from the
wind turbine or solar panels to the grid (see Fig.1).
The inverter/charger is used to allow part of the noisy
energy passed through the battery pack for noise
filtering and produce a smoother output back to the

power grid.

Thus, the battery packs used in the HEVs and wind-
/ solar-energy systems should have high-rate discharge

and charge capabilities, long service life and low cost.

7( N

Turbine O/P Battery CHARGE

Inverter/charger
Battery management

Power

Battery DISCHARGE

Time —

Fig.1  Grid-connected wind-energy system
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2. Energy storage systems

The candidate energy storage systems for HEV and
renewable energy applications include valve-regulated
lead-acid (VRLA), nickel-metal-hydride (Ni-MH) and
rechargeable lithium batteries. It needs to state here
that flooded-electrolyte lead-acid battery is also
considered to be used in micro and mild HEVs. It is
obvious that the lead-acid battery has the great
advantages in terms of low initial (capital) cost, well
established manufacturing base, distribution networks
and high recycling efficiency (up to 97%) compared to
the other competitive technologies at their current
stage of development. Nevertheless, the running cost
of the lead-acid battery is expensive because of the
short service life. The lead-acid battery under HEV
and renewable-energy applications must be operated
under high-rate partial-state-of-charge (HRPSoC),
namely, within a certain SoC window dependent upon
the type of HEV (see, Table 1). This is because the
battery cannot deliver the required cranking current
when the SoC is below 30%. On the other hand, the
battery cannot accept charge efficiently either from
regenerative braking or from engine charging when
the SoC is above 70%. Under such applications, the
lead-acid battery fails prematurely due to the sulfation
of the plates, particularly the negative plates. The
negative plates suffer from a progressive build-up of
‘hard’ lead sulfate on the surface, i.e., lead sulphate,
which is difficult to recharge [1-5]. The accumulation
of lead sulfate markedly reduces the effective surface-
area to such extent that the plate can no longer deliver
and accept the power required by engine cranking,

acceleration, and regenerative braking.

2.1 Mechanism of lead Sulfate accumulation in
negative plates under HRPSoC duty

The mechanism of lead sulfate accumulation on the

surfaces of negative plates under HRPSoC duty can be

explained as follows [5,6]. The key factors responsible

for such accumulation of lead sulfate are the high-rate

2T

discharge and charge. During high-rate discharging,
the sponge Pb reacts with HSO4 to form PbSO, as
shown by reaction (1) and this reaction proceeds so
rapidly that the diffusion rate of HSO, from the bulk
of the solution cannot catch up with its consumption

rate in the interior of negative plate.

Dissolution
Pb + HSO, + 26¢ — Pb™ + SO,” + H* (1)

Deposition
PbSO,

Moreover, high-rate discharge generates a very high
supersaturation of Pb*" in the vicinity of each parent
lead crystal. The lead sulfate will therefore precipitate
rapidly on any available surface, irrespective of
whether this be sponge lead or already-deposited lead
sulfate, i.e., nucleation rate > growth rate. Thus, a
compact layer of tiny lead sulfate crystals will develop
on the surface of the plate (Fig.2(a)). This will reduce
the effective surface area for electron transfer and will
also hinder the diffusion of HSO, into the interior of
the plate (note, the dense lead sulfate layer acts as a

semi membrane to the movement of HSOy).

During charging, the lead ion dissociated from the
lead sulphate reduces to sponge lead as shown by
reaction (2). Since the charging current is high, the
negative-plate potential increases quickly to such
extent that, given the lower level of sulfate in the plate
interior, the charging current during passage from the
grid member to the plate surface reduces some
hydrogen ions to hydrogen gas before reaching the
lead sulfate layer (Fig.2(b)). Thus, complete
conversion of lead sulfate at the plate surface cannot
be achieved. With such repetitive action of high-rate
discharge and charge, the lead sulphate will
accumulate on the surfaces of negative plate and,
eventually, the battery will be unable to provide

sufficient power for engine cranking.
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Deposition
Pb + HSO, <4—— Pb? + SO> + H" + 2¢° (2)

Dissolution
PbSO,

Lead sulfate

HSO4 HSO4

Negative active-material

Lead sulfate

Negative active-material

Fig. 2 Schematic representation of lead-sulfate distribution in a negative plate subjected to high-rate discharge

(@) and charge (b)

From the above discussion, it is clear that in order to
improve the cycleability of flooded-electrolyte and
VRLA batteries under HRPSoC duty, the uneven
distribution of lead sulfate across the cross-section of
negative plate during discharge and concomitant the
early evolution of hydrogen during charge should be
minimized. The minimization of the uneven
distribution of lead sulfate can be achieved when the
negative plates can be protected from high-rate
discharge and charge. The conventional way to
improve the life of the lead-acid battery is to connect
the battery pack in parallel with a supercapacitor
(Fig.3). It is well known that a supercapacitor can
provide and receive high power, but low energy and,
therefore, for HEV applications, the best use of this
technology is to absorb high power from regenerative
braking and to provide high power for acceleration.
The energy and power flow between the capacitor and
battery pack are controlled by an electronic controller.
In principle, during vehicle braking and acceleration,
the controller will first regulate the power to and from
the supercapacitor then the battery pack. During

engine charging and cruise driving, the controller will

regulate the power and energy mainly to and from the
battery pack. This system has been developed by the
Commonwealth Scientific and Industrial Research
Organisation (CSIRO), Australia and has been used
successfully in the Holden ECOmmodore and
aXcessaustralia demonstration cars in the year 2000.
Nevertheless, the drawbacks of this system is that it is
complicated (e.g., requires a sophisticated algorithm)
and is expensive. Accordingly, CSIRO Energy
Technology has developed an advanced UltraBattery
to replace the complex and high cost supercapacitor/

lead-acid battery system.

Holden ECOmmodore

Supercapacitor
= Provide high power
for acceleration

= Absorb high power
from regenerative
braking

aXcessaustralia LEV

Fig.3 External connection of supercapacitor and lead-
acid battery packs in Holden ECOmmodore and
aXcessaustralia hybrid electric vehicles (HEVs)
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2.2 UltraBattery

The UltraBattery is a hybrid energy-storage device,
which combines a supercapacitor and a lead-acid
battery in a single unit, without extra, expensive,
electronic control [7]. A schematic configuration of the
UltraBattery is shown in Fig.4. The lead-acid
component comprises one lead-dioxide positive plate
and one sponge lead negative plate. An asymmetric
supercapacitor is formed when the lead negative plate
of the lead-acid cell is replaced by a carbon-based
counterpart (i.e., capacitor electrode). Since the
positive plates in the lead-acid cell and the asymmetric
supercapacitor have a common composition, they can
be integrated into one unit cell by internally
connecting the negative plate of the battery and the
supercapacitor in parallel. With this design, the total
current of the combined negative plate is composed of
two components, namely the capacitor current and the
lead-acid negative plate current. Accordingly, the
capacitor electrode can now act as a buffer to share the
currents with the lead-acid negative plate and thus
prevent it being discharged and charged at the full
rates required by the HEV duty. In addition, The
UltraBattery is able to be produced as either flooded-
electrolyte or valve-regulated designs in the existing
lead-acid factory and also able to reconfigure for a
variety of applications, for example, conventional
automobile, power tool, forklift, high-power

uninterruptible power supply and remote-area power

supply.

The UltraBattery technology is invented by the
CSIRO in 2003 and has been licensed to The
Furukawa Battery Co., Ltd., Japan in 2005. Since then,
CSIRO and the Furukawa Battery have been
cooperating in R&D activity, manufacturing and
marketing of UltraBattery. The results from the
comparative tests in the CSIRO laboratories
demonstrated that the UltraBattery has greater

discharge / charge power and significantly longer

2T

cycle-life than that of a conventional lead-acid
counterpart. Therefore, this promising technology was
soon recognized by a Victorian company, Cleantech
Ventures Pty Ltd. Accordingly, Cleantech Ventures
and CSIRO jointly formed a company, Ecoult Pty Ltd
to commercialize the UltraBattery-based storage
solution for renewable-energy applications. In 2008,
CSIRO and the Furukawa Battery sublicensed the
UltraBattery technology to East Penn Manufacturing
Co., Inc., USA. This company subsequently acquired
Ecoult in 2010. Consequently, Ecoult can utilize its
right toward the UltraBattery technology, intelligent
energy management system developed by CSIRO and
its own development intellectual property, to provide
complete energy storage solutions and modules that
are ready for custom integration. At present, the
Furukawa Battery and the East Penn Manufacturing
can produce UltraBatteries in large scale and with
different sizes (from 7 Ah to 2000 Ah) as a trademark
of ‘UltraBattery™ for conventional automobile, HEV

and renewable-energy applications.

+ - Separator + -
PbO,
Carbon
PbO; Pb electrode
—aci L | Asymmetric
Lead-acid cell T supercapacitor

)

PbO,— «— Carbon electrode

Ultrabattery

Fig. 4 Schematic diagram of UltraBattery configuration

3. Performance of UltraBattery under
HEV applications
As mentioned above, the UltraBattery is derived
from the lead-acid origin and consequently, is left with
heavy weight and low energy. Thus, this technology is

considered more suitable for micro-, mild- and
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medium-hybrid applications. This is because the full-
and plug-in hybrid vehicles demand the high-energy
battery packs for its pure electric-driving requirement
and have limited space for battery storage.
Accordingly, several UltraBatteries were prepared
initially for laboratory evaluation using profiles to
simulate the driving conditions of micro- to medium-

hybrid vehicles and subsequently for field trials.

The initial performance of valve-regulated
UltraBatteries (C = 7 Ah and Cs= 9 Ah) produced
from the Furukawa Battery Company is shown Table
2. According to the US FreedomCAR protocol, the
discharge and charge power are 25 and 20 kW set for
the minimum power-assist system and 40 and 35 kW
set for the maximum power-assist system, respectively
[8]. Results shown in Table 2 reveal that with the
integration of the supercapacitor, the operational range
of UltraBattery is increased from 70-30% SoC for a
VRLA battery to 80 to 30% SoC and the battery still

meets or exceeds the discharge and charge power
required by the minimum and maximum power-assist
systems [9,10]. UltraBattery technology has also met
or exceeded the targets set for available energy, cold
cranking and self-discharge required by the minimum
and maximum power-assist systems. For self-
discharge evaluation, it has been found that after
standing under 30°C at open-circuit for 7 days, the
UltraBattery shows an energy gain, not energy loss
even though the test has been repeated three times (see
Table 2, plus sign shows energy gain, while minus
sign indicates energy loss). Therefore, the test was
performed again by allowing the battery to stand at an
open-circuit condition for 23 days and under 40°C.
With this procedure, the UltraBattery shows a slight
energy loss of -7.42 Wh per day for the minimum
power assist system and -12.37 Wh per day for the
maximum power assist system. These values are well
below the self-discharge goal set (i.e., -50 Wh per day)

for both power-assist systems.

Table 2 Initial performance of UltraBattery and US freedom car goals for power-assist batteries

Characteristics Units Minimum power assist Maximum power assist

Pulse discharge power (10 s) kW 25 40

Regenerative pulse power (10 s) kW 20 35

Operating state-of-charge window % 80 to 30 80 to 30

Available energy Wh 940 (goal = 300) 1500 (goal = 500)

Cold-cranking kW 5.4 (1st),5.2(2nd), 5.1 (3rd) 10.5(1st), 11.3(2nd), 11.3 (3rd)
(goal = 5) (goal =7)

Self-discharge at 30°C Wh /day| +3.90(1st),+6.38 (2nd), +4.28 (3rd) +6.51 (1st),+10.64 (2nd), +7.14 (3rd)
(goal = -50) (goal = -50)

Self-discharge at 40°C -7.42 -12.37

High dynamic charge acceptance (DCA) of the
battery, which is capability of battery to accept charge
under different temperatures and operational
conditions, is one of the major requirements by the
HEVs, particularly the micro-HEV. This is because the
battery in the micro hybrid operates at the high SoC
window, e.g., 95-85%. Accordingly, the dynamic
charge acceptance of UltraBattery is also evaluated.

The test procedure is as follow [11]. After conditioning

the 5-h capacity a few cycles, the battery is discharged
at the 5-h rate to 90% SoC and allowed to stand at
open-circuit voltage (OCV) for a given period. The
battery is then charged at a constant voltage of 14.8 V
with maximum current of 100 A for 60 seconds. After
that, the battery is discharged to 90% SoC and
subjected to the test again, but with longer rest period.
This discharge and charge process is repeated for a set

of different rest periods until the total rest time is over
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one week. The DCA test is also conducted at different
SoCs, namely, 80, 70 and 60%. For comparison
purpose, the flooded-electrolyte and VRLA
commercial batteries are also included in this test.
Results show that, as expected, the charge-acceptance
current of a battery increases when the SoC of the
battery decreases. Furthermore, at a given SoC, the
charge-acceptance current decreases with the increase
of rest time. In addition, the valve-regulated
UltraBattery (5-h capacity = 9 Ah) gives higher DCA
than that of the commercial counterparts under
different SoC. An example of the changes in the 10-s,
charge-acceptance currents of UltraBattery and
commercial batteries at 90% SoC are given in Fig.5. Tt
can be seen that the UltraBattery gives higher charge-
acceptance current than that of the commercial

batteries, namely about 1.8 times, throughout the test.

Table 3 Cycling performance of UltraBatteries
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Fig.5 Dynamic charge acceptance of UltraBattery and
commercial batteries at 90% SoC

The cycling performance of UltraBattery is given in
Table 3 [9,10,12]. Clearly, the UltraBatteries show
significant longer cycling performance than the control
lead-acid batteries. More importantly, side-by-side
testing has demonstrated that the UltraBattery cycle life

is comparable, or superior, to that of Ni-MH cells.

) . Battery types
Test profiles Units
Control VRLA battery Ni-MH cell UltraBattery
Simplified discharge and charge profile at 3 C rate
(ToCV = 2.5 V; CoV = 1.75 V, micro HEV simulation) cycles 11,000 - 13,000 72,000 75,000
Simplified discharge and charge profile at 2 C rate o
(ToCV = 2.83 V; CoV = 1.83 V, micro HEV simulation) | Y¢S 4,200 18,000
Idling-stop cycle-life test -
(SBA-S-0101 , micro HEV simulation) cycles 15,000 75,000
42 -V profile (mild HEV simulation) cycles 17,500 — 165,000
) ) ) ) 340,000
EUCAR profile (medium HEV simulation) cycles 34,000 - 72,000 180,000
220,000
RHOLAB profile (medium HEV simulation) cycles 150 - 180 — 750 -1,100

The UltraBattery packs, either produced by the
Furukawa Battery or the East Penn Manufacturing,
have been subjected to the field trials in: (i) an
ALABC Honda Insight HEV at Millbrook, UK (2007)
[13,14]; (i) an ALABC Honda Civil HEV at Phoenix,
Arizona, USA (2010) and (iii) an EPM Honda Civil
HEV at Lyon Station, Pennsylvania, USA (2010). The
photographs of the three HEVs are shown in Fig.6.
The field trials of Honda Insight at Millbrook and
Honda Civil at Phoenix are funded and supported by

the Advanced Lead Acid Consortium (ALABC). Both
HEVs has run for 100,000 miles with no conditioning
and the batteries remained in an excellent state
throughout. On the other hand, the EPM Honda Civil
HEYV is till on test and has done over 100,000 miles.
During field trial, the UltraBatteries demonstrate very
good acceptance of the charge from regenerative
braking even at high state-of-charge, e.g., 70%. The
changes in pack voltage, current and individual battery

voltages at a given time of vehicle driving are shown
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in Figs.7 and 8. The variation (i.e., difference between
the maximum and minimum values) between each
battery voltage is within 0.3 V. This indicates that with
the integration of supercapacitor, the individual battery
voltages are maintained at a well balance state during
vehicle operation. The Honda Insight HEV powered
by UltraBatteries gives slightly higher fuel
consumption (cf., 4.16 with 4.05 L/100 km) and CO,
emissions (cf., 98.8 with 96 g/km) compared with that
by Ni-MH cells. Similar results are also obtained for
Honda Civil HEVs. Importantly, there are no
differences in driving experience between the HEVs
powered by UltraBatteries and by Ni-MH cells. The
UltraBattery pack costs considerably less,
approximately only 20-40% to that of the Ni-MH
pack. Thus, it is expected that the incremental cost of
the HEV powered by Ni-MH over the comparable
conventional vehicle would be higher than that of the
HEV powered by UltraBattery. Consequently, the
payback time of UltraBattery HEV will be quicker
than that of Ni-MH HEV [8]. The HEVs powered by
the UltraBattery packs have been displayed at different
motor shows (e.g., the Geneva and Yokohama Motor
Shows, etc.) and Conferences (e.g., European Lead
Battery and Advanced Automotive Battery
Conferences, etc.) and have been well accepted by the
attendee. The 12-V flooded-electrolyte UltraBatteries
produced by the Furukawa Battery are also subjected
to test driving in the idling stop / start taxi fleet in
Tokyo, Japan [13]. The results show that the improved
flooded lead-acid batteries achieved 80,000 to 90,000
km before failure. On the other hand, the
UltraBatteries achieved 122,000 to 132,000 km, which
exceeds the minimum target distance of 100,000 km
set by the vehicle manufacturer. Currently, The
Furukawa Battery Company has several projects with
major automotive companies in field trials of

UltraBatteries for micro-HEV application.

.
Huo

e
ALABC

T treight HEY

Fig.6  Photographs of HEVs used for field trial of
UltraBatteries
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4. Performance of UltraBattery under

wind- and solar-energy applications

The UltraBattery might also provide an effective
means for the storage of wind or solar energy. The
lead-acid battery component would allow the unit to
store a large amount of energy, whereas the capacitor
component would serve to level the noisy wind or
solar variation without affecting performance.
Furthermore, a combination of such technology with
weather forecasting and smarter grid management
would balance the peaks and trough of wind- or solar-
derived electricity at the point of generation and
reduce the size of the energy-storage facility. For
example, if the forecast indicates that the wind or solar
will reduce after few hours, then the smarter grid
management system will regulate more energy from
wind turbine or solar panels to charge the battery pack
to a high SoC level. Accordingly, the battery pack can
provide energy to the grid in the subsequent no-wind
or no-solar period for sufficient duration (about 15 to
30 min) to enable the start-up of additional power
station. With this operational design, the battery cost
can be lowered substantially since the energy-storage
element constitutes a significant part of the cost of the

whole system.

The UltraBattery has proven to be a successful
candidate energy storage device for HEV applications.
Now, it would be of interest to examine the
performance of UltraBattery under wind-energy
storage applications. The 1000-Ah, VRLA battery and
UltraBattery produced by the Furukawa Battery are
prepared and subjected to the test profile simulated the
wind-energy storage applications. The test profile is
shown in Fig.9. This profile is part of the complicated
wind-energy output and has the highest occurring
frequency. The profile was superimposed on the
constant discharge current and charge current of 100
A, which is the 10-h rate of the battery. After
conditioning the battery for few 10-h capacity tests,

WT

10

the battery is discharged at 10-h rate (i.e., 100 A) to
70% SoC and then subjected to the above profile for
486 sub-cycles during the discharge loop and 486 sub-
cycles during the charge loop. This will reduce the
SoC of the battery from 70 to 30% during discharge
and will increase back to 70% SoC during charging.
The summation of 486 discharge sub-cycle and 486
charge sub-cycles is considered as 1 cycle. After
repeating the test for 72 times (i.e., 72 cycles), the
10-h capacity of the battery is evaluated. The wind
cycling test is repeated until the measured 10-h
capacity of the battery reaches 50% of the initial value
or until the battery voltage reach 0.50 V during wind
cycling. The cycling performance of a conventional
battery and an UltraBattery under the simulated wind-
energy test is shown in Fig.10. The conventional
battery failed after 1,512 cycles with the cumulative
discharge and charge capacity of 1,297,735 Ah. On the
other hand, the UltraBattery achieved 3,168 cycles
with the cumulative discharge capacity of 2,805,898
Ah, which is over 2 times greater than that of the
conventional counterpart. It needs to note here that the
failure of the UltraBatteries under either HEV or
wind-energy simulation test are mainly due to the
positive plate. After cycling, the positive plate suffers

by severe material shedding, sulfation and grid

corrosion.
80; 500
70 400 70% SoC Charge Loop ,70% Sog
Seof 300f - Discharge Loop 486 sub- cycles e
S50 <200 - N
5] €
_‘E.’ 401 ¢ 100 4863u cycles
o >
o o o
2 s J J 30% SoC W Y
Z20f -100
10} -200
0 -300
Fig.9 A simulated wind-energy test profile
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Fig.10 Cycling performance of conventional battery and
UltraBattery under simulated wind-energy
application

At present, the Furukawa Battery has conducted
several field-trial projects of UltraBatteries in different
applications, namely smart building, smart grid, load
leveling, wind and solar power (Table 4). The
systems, which include UltraBatteries and battery
management, are produced at the Furukawa factories
[15]. At present, each system still operates smoothly

without any problems. An example of load-leveling

systems at Kitakyushu Museum of Natural History &
Human History is shown in Fig.11.

In parallel, East Penn Manufacturing (www.
dekabatteries.com) and its subsidiary, Ecoult (www.
ecoult.com) have installed: (i) 1-MWh UltraBattery
pack for wind smoothing at Hampton wind farm,
NSW, Australia; (ii) 1-MWh UltraBattery pack for
solar smoothing at New Mexico, USA and (iii)
3-MWh UltraBattery pack for regulation service at
Lyon Station, Pennsylvania, USA. In addition, Ecoult
has been awarded the Hydro Tasmania contract to
supply a 3-MW / 1.6-MWh UltraBattery storage
system in Australia for the King Island Renewable
Energy Integration Project on 31 October 2012. The
storage system will have capability to power the entire
island for up to 45 min. An example of solar-
smoothing system at New Mexico, USA is shown in
Fig. 12.

Table 4 Demonstration of UltraBattery under smart grid and renewable applications

Location Battery size Number of battery Application
Shimizu Corporation 500 Ah, 2-V 163 Smart building
Furukawa Battery (Harigai factory) 200 Ah, 2-V 24 Wind power
Sinfonia Technology Co., Ltd 500 Ah, 2-V 24 Small-scale smart grid
Sinfonia Technology Co., Ltd 50Ah, 12-V 4 Wind power
Human Media Creation Center / KYUSHU 100Ah, 6-V 32 Load leveling, Wind power
Kitakyushu Museum of Natural History & Human History 100Ah, 6-V 32 PV, Load leveling
Kitakyushu Museum of Natural History & Human History 500 Ah, 2-V 192 PV, Load leveling
Maeda area in Kitakyushu 1000 Ah, 2-V 336 Load leveling (CEMS)
Furukawa Battery (Iwaki factory) 1000 Ah, 2-V 192 Load leveling

100-kW system

10-kW system

100-kW system
500 Ah, 2-V

10-kW system
100 Ah, 6-V

Battery type
Strings of the
batteries

Nominal total
voltage

192 cells 32 cells

384-V 192-v

Nominal energy 192 kWh 19.2 kWh

Fig.11 UltraBattery system for Photo-voltage load leveling
projects at Kitakyushu Museum of Natural History &
Human History

Fig.12 1-MWh UltraBattery system for wind smoothing at

11

New Mexico, USA
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5. Conclusion

The CSIRO UltraBattery technology is a hybrid
energy-storage device, which combines an asymmetric
supercapacitor and a lead-acid battery in one unit cell,
taking the best from both technologies without the
need for extra electronic controls. With such
combination, the UltraBattery gives significantly long
life in the laboratory evaluation using different test
profiles simulated the driving conditions of micro-,
mild- and medium-HEVs as well as the grid-
connected wind energy systems. Furthermore, this
advanced battery has also been proven successfully
when subjected to field trials: (i) in the stop / start
taxes, Honda Insight and Honda Civic medium HEVs
and (ii) in large number of renewable projects, namely,
smart building, smart grid, regulation service, wind-
and solar-power smoothing. Clearly, the UltraBattery
is a step-change technology that will boost the
performance and reduce the cost of batteries in HEVs
and renewable-energy systems. This advanced battery

has the following features and benefits.

P Greater power and significant improvement in
service life.

» Able to produce in the existing lead-acid factory
with different sizes (from few Ah to few
thousand Ah).

» Reconfigurable for a variety of applications (i.e.,
power tool, high-power uninterruptible power
supply, HEV and renewable energy).

» High recycle-efficiency (up to 97%)

» Low cost

At present, the Furukawa Battery Co., Ltd., Japan
and the East Penn Manufacturing Co., Inc., USA are
mass producing the UltraBattery™ for conventional

automobile, HEV and renewable-energy applications.

2T
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Field Trial of the Flooded-type UltraBattery for Micro-HEV Application
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Abstract

[
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Hirofumi Shimizu

The flooded-type UltraBattery, which combine an asymmetric capacitor and a lead-acid battery in
one unit cell, showed a good charge acceptance and superior fuel consumption in field trial on
TOYOTA Vitz and HONDA STEP WGN. Further more, the flooded-type UltraBatteries showed
longer cycle life than improved flooded battery in field trial on the idling start/stop taxi. The
flooded-type UltraBattery is expected to be the most suitable electrical power source for the
micro-HEVs because of excellent charge acceptability and durability compared with the improved

flooded battery.
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{EE F UltraBattery IC L 2 EE L X 7 LEHER

Demonstration of the battery energy storage system using Stationary UltraBatteries

1 ) 1 — p 1 gy *l T 2
T AE B FH T =i # ol G
Akira Dobashi Wataru Teduka Yuu Miura Jun Furukawa Toshiyuki Sato
Abstract

The UltraBattery is a capacitor hybrid battery, which combines an asymmetric capacitor and a
lead-acid battery in one unit cell. We built the battery energy storage system using UltraBatteries.
We reduced the peak electricity and controlled electricity demand in lower than target value. In
addition, when UltraBattery is charged/discharged, we examined lower limit of State of Charge

(SOC)
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Fig.1 Outline of the battery energy storage system
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Fig.2 Appearance of battery energy storage system
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Table1  Specification of UB- 1000

i UB- 1000
EREHNRE (108-X@25C) 1000 Ah
AR s
AFREIVEE 2V
AMIFILF-—RE 2kWh/ b
g8 73kg
*E 0~40C
BEHHE £ —15~45C
R1F —15~40C
. TE 0.4C1 oA
WE 0.6C10A
BERBEL 2.4V
FELREE 2.35V
METIREE 1.8V

=2 HEA DA
Table2 Specification of series-connected batteries

170v70wIVE 65X 4BE=24 1)L
weILE 192+t (870 7)
FHEMEE 384V

BWEREEE 461V
EH ERREE 451V
EATEREE 345V

2.3 EB/MAPCS

LEMAPCSOMHARIIIRT . KA
SEREZEIL. 100kVA, 34H3#1202V (50Hz) TH V) |
BT GEEME) &7 # FHIx DC325V ~ 600V
Thbo F7o. RFERRERELMZTBH . H
MUBHM AR L D . EESEET S L BEIIC
PCS b 519 %

*=3 PCS DO 11#%
Table3 Specification of power conditioning system

B8 1100kg
EIFRE —5~+40C
EXHEE 20 ~85%
TRERTE 100kVA
. EREE 202V 50Hz
EIRET AC 286 A
EREE DC 345V
B AHHEEEHE DCO ~ 600V
BB EH DC 325 ~ 600V
LiEEs 31H 3R
wE A% BEMERHEPWM AR
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Fig.4 Charge/discharge of peak-cut operation
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Development of the Stationary Lithium lon Battery and
Participation in Keihanna Eco-City the Next-generation Energy and Social Systems

G S T S -

Yasuhiro Hakozaki Yoshinobu Taira

KT BiE
Kenji Ohira

B i BT

Isao Abe

B 3 3L f

Hidetoshi Abe

Abstract

We have participated in Keihanna Eco City Project and developed 50Ah lithium ion cell using
LiFePO, as the positive electrode. The cell developed indicates suitable Wh efficiency, high rate
charge/discharge characteristics, cycle life, and excellent safety is confirmed. And we have
developed 75kWh battery system for energy storage using these cells, set up the system in

KEIHANNA PLAZA.
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Table 1 Specification of the cell

B A Tt #

EREE 50 Ah

ATREE 3.2V

W 171 mm

T 32mm

&

H1*! 242 mm

H2*2 260 mm

7 g 3.00kg

1 EFEEFLVERESS
* 2 WFEECEES S

SORA WSV ERET HIHD . KA ldE
S AR RERICEE L, EmEWE ) vk F
T ARBEIRL 720 —IRICEVOIERIEWE L LT
.U CEESR) T A DAMCO BIRIEE TH 5 T
NIV NERD) F AR =y v, YA, KON asn
VINO=TEOER IR EAAT L) F 7 AEA=TTH
JEIREELY . BV A A NVEID~ Y 7Y R F
LEREBLW 2 o4 OBIEAH S, L LA
5. Bk L7z &9 REALYR O EHIM L D 2401
BREEMEDPE L, HRIEOY LV ERE T 5 L T4
PED) A7 K E . —T7, ) YERER) T A3
DOMBHI AR TEZEED T . F 72 LEICEN
DE B, BIREOBALDEASR I DI2< <, Bith
DEHFMGILICOFHNEMETH L, b, BRILWS
WZHARBEMEBEEIEAL 2525, BHOBEIHE B
FELETHD) L IRTTRETH B,

AN, IEMEVERT 512H720 . KER—2Z
RO EBIEE T2 EIR L 720 KER—Z PO
BRI, EWE Z G & T 2Kk —
AMRERL, ShEEBEICEA /RIS B
L Ltk TA D7 TH5Z L CEBERS
HETHb, ZOKMESA—Z N ROBMIER )T
. BIZIE, 202COmEWlEE AT A N- 2 F )b 2-
Yn) N7 EOEh ARG Y V2 — A b

27

(2 & 2 BRAEETHEICHA, RWIRETR—Z M
IR SE L ZENTE L, FIZ, BRI ICHEH
ENDERAEH ORI (BRBER ) 1 7 VA
) AT LEIE N, T OO BERIEREOHE
IR F =R COHEHE % & OBRBEAM 2 KK T X
TN, ZORERIIEHERLTHET S,

—J5. BRRICIZERRE O ReE R S 2, B
e 2w O 7SR B AM B 2 G E & LT,
[ U< RMER— 2 METIERL L 2B % V72,

BRI ITAREREZ V20, BEEGE2E5
HC, BRI OB &K% IR F TR S &
72o F7o. ARG EOUERREZ HIINICED S
WA &I L 72,

LR =% 21E, RV ZF LR EAET AR
FL 74 REE G, B ENE. EiREo
Ty MY UBkRR. BT D) F T LALF D
TREIBEBE R NS U A X DB Z EIEN L2,

Bl (EMAZ) ICIZAT > L AgE . iR
e B R b oNT v AIZFED Lize F 720
BEIIE, B FHHO XV THW T & 2ESR
AL, T, BWANE LARRES 2 TR
TAA v FxREFE L. Elif L7z BE LV
B2 I2RT,

1 EILOHE
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Table 2 Nominal characteristic of the cell
KE WE
= e — Whip
5E Ehe ®E EHE %
Ah Wh Ah Wh
F15 57.6 193.1 58.0 188.4 97.6
=& 57.8 193.5 58.2 189.0 97.7
=N 57.4 192.5 57.8 187.9 97.3
o 0.10 0.33 0.09 0.33 0.10
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Table 4 Specification of 75kWh-battry system (ESS)
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Development of Lithium-lon Battery for the Asteroid Explorer “Hayabusa2”
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Based on the fundamental technologies used in Li-ion cells for the asteroid explorer
“HAYABUSA” and the Venus probe “AKATSUKI” of JAXA, we started development of Li-ion cells
to be used for “Hayabusa2” which is the successor mission to “HAYABUSA”. Requirements for
“Hayabusa?2” cells are 13.2Ah capacity and less than 590g mass, which are identical to those
required for “HAYABUSA” cells. We test-produced an engineering model cells, and have
confirmed the capacity deterioration is enough small by conducting operational simulation tests.
Based on development results, we produced a Fright model cells which achieved rated capacity
of 13.2Ah, and performed assessment of safety, and of durability in mechanical environments.
Through these assessments, we surveyed whether the developed cell's structure can sufficiently
withstand vibrations and impacts occurring during “Hayabusa2” mission.
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Table 1 Requirement of mission for “Hayabusa 2”

Event Time / year Current / A Capacity / Ah
Launch 1.7 13.55 12.43
Swing By 2.7 17.46 6.87
Touch Down 5.2-6.2 13.24 4.27
Safe Hold 7.7 17.38 4.33
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Fig.6 Appearance and Specifications of FM cells
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Fig.7 Initial Charge-discharge Behaviors of FM cells
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Table2 Safety evaluation of FM cells

Iltem Test method Result

Overcharge The cell was over-charged to 200 % Abnormality
Test of rated capacity at 10°C . none

The fully charged cell was short-

Ezt:r;ng:rcu” circuited with 30mQ external Abnormality
Test resistances at 25°C+5C . The cell | none

was remained on test for 8 hours.
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Fig.9 Overcharge Test
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Table3 Mechanical environmental test of FM cells

ltem requirement Test method
. The cell which charged 135 %
X, Y axis vs rated capacity, was vibrated
Random maximum 10.4G pacity,

with 5.7 A discharging. Cell
voltage and temperature were
monitored during vibration test.

Z axis
I maximum 17 G

vibration test

Sinusoidal |y 'y 7 oyis
vibration : maximum 25 G
test '

The fully charged cell and the
50 % charged cell were
subjected to shock with 9.1 A
discharging. Cell voltage and
temperature were monitored
during shock test.

Pyrotechnic
shock test

X, Y, Z axis
: maximum 500 G

36

FEEOEH L [F CEMAIMb AR A HE L. [H
CEHMEH FM £V TeToRER% Eiti L 720

7.1 V5 LIRENER
FTEF%MEL T, 425V (D 135% SOC) 12
FE L 72FM v % 57A (FT LT RE O F A E AE)
THEL, ®KR1TGHT ¥ FAEHZEML 72, X
W, Y@, Z#hoeToln THREREREZ FEiL 72
A, RFELELTCZED T v 5 AIRBY AR O U %
a1 123R7,

43 ; : 50
Voltage Vibration range i
r'd ! !
42 TN T | Max range =] 40
| ——
>4 e 130~ <
P {Ambient Temperature | 2=
g b e I )
540 [ P 20 @ 5
> | Cell Temperature | go
i i | (0]
| [
39 Cuf’(eﬁtﬂ f ———————— 4 10
Sa i !
[ M
38 s s ‘ L 0
0 1 2 3 4 5
Time / min
K11 Z4LIREEER Z#hAM

Fig. 11 Random Vibration Test, Z-axis
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The Trike Equipped with the Magnesium Air Battery Ran from Iwaki to Sendai
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