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[Company Name] LE SYSTEM CO.,, Ltd. S
[Representative] CEO Junichi Sato <
[Location] <Head Office> o
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Tel: +81-29-893-5455 Fax: +81-29-893-5456
HP| http://www . lesys. B e Gl Damal cno 3
EE ’b' i s Biomass & Solar Panel support
stabli lanuary, B .
) the RFB business.
[Stated Capital] 355,041,000yen
(including capital reserve 121,270.50yen ) RFB is safe, long-life, can be increased in size
[Principal Shareholders] Energy & Environment Investment Inc., and requires little maintenance costs. VRFB
may be used for various purposes: output
LIGITEK ELECTRONICS CO., LTD., varlation relaxation, alignment of power
Mitsubishi UFJ Capital Co., Ltd., usage disparities between day and night,
. back-up power sources, smart grid. The
Japan Investment Adviser Co., Ltd.(JIA) , features of electrolyte of redox flow battery
IP Alliance Co., Ltd., is almost no deterioration, enhanced life

and stability, long term for using.
Nishimatsu Construction Co., Ltd., etc.

[Corporate Employees] ~ Board Members: 7 Employees: 13

Engineering Advisors: 4 =iimask Solar
Biomass: LE system is primary Solar panel: LE system affiliated with
consulting biomass project. We Ligitek Group which is registered on
have been excellent experience the Talwan stock exchange .We sale
and Knowledge In planning a the solar panel which made by
methane fermentation plant. Ligitek. The features of the solar

panel is high quality and durability.
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The actual device greatly composed by four parts.
Electrici ; ; Facilities and
Generating ant] o """{ Electrical Substation [Huusing. etc. ] @Control
Ch H Electric control (including inverter, etc.)
arge -
@Cell

AC/DC Converter

Rale to control the input and output (charge and discharge)

Negative @Electrolyte

E'a.'f.t""l'tm Each positive electrode liquid, negative electrode liquid
&l is in the tank of the positive electrode, negative electrode
and has a role to accumulate electricity.

(If liquids increase. quantity of accumulation of

electricity increases)

®Pump

Positive
Electrolyte
Tank

Pump necessary to pour an electrolyte into a cell

Vs

E
Membrane

Pump [ Pump

Redox Flow Battery Structure

Basic principle of RF Battery (Redox Flow Battery) is by perform the charging and discharging by
circulating the liquid which cause the electron transfer in the potential difference between positive
and negative electrodes.

For other batteries, they are structured to charge and discharge for the chemical change by the
electrodes. Whereas, this RF Battery perform charging and discharging for chemical change by the
electrolyte which is called the oxidation-reduction process, which result the possibility to maintain The size of cell and
the long period electrolyte.

By this principle, SAFE, LONG LIFE, and LOW MAINTANANCE COST are the features of this battery.

electrolyte tank can be changed
depending on the needs.
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Electric potential of
Selectable range oxygen generation
Electric potential of

hydrogen V(2-3) V(4-5)
generation

Vanadium ore

Mn(4-7)

@8 | co2d)

Cr2:3 szm Ni(213)
L1l
A 05 0 05 1 15 2

Standard electric potential(V)

Vanadium is an element of atomic number 23. The symbol of an element is V. Vanadium is one of the group elements.

“Redox Flow Battery " is one type of rechargeable battery which occurs by the vanadium valence change

in the electrolyte containing vanadium sulfate (Ill) and oxide vanadium sulfate (IV) during charge and discharge.

Redox Flow Battery using vanadium is expected to become large batteries for power storage then Sodium-Sulfur Battery (NaS Battery).

1 Copyright (C) 2016 LE SYSTEM CO., Ltd. AllRights Reserved
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Output variation

relaxat ation Is not

to relax output variation

Wind-power generation

NS
BN

Wind, solar and other renewable energy
gener: not stabls
Thus, batteries are rvacessary

Wind-power generation+battery

LONG LIFE

For emergency & disaster

Batteries can ensure power stofage
for emergency situations and
reduce the dependency from oil.
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B
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Output (KW)

The main pur

World's Largest

Stability device for
electric power
companies

mitigation
(Renewable energy)
Disaster shelter

smart grid
Facilities

Smoothing
(day and night

electricity consumption)

ttery is necessary to smooth
the excessive electricity consumption
that was a peak at 2 pm

/] Smart grid

FREE DESIGN

LOW MAINTENANCE COST

t required thing

Cost
large capacity

@ Safety
® long life
@ Low maintenance costs

in the world.

New i
The bet!ery is essential to the fuh.lfﬁ 0' decanu'allzed energy control.
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Battary by carbon materials,
lithium-containing metal oxide.
organic electrolyte.

Capabla for stationary of
large-scale power storage,

¢ flow (RF)

‘The battery that charging and
Mrm mlhe umaenon Teduction

of the ior
mthnuuh not sullahie lur IM miniaturization
butit is safe, and long ife.

Battery vith carbon materials,
lithium metal axide, organic electrolyte.
Itis used for mobile equipment and
the elecric car batery.

Cost
energy density

A battery with lead, lead ioxide, an

diute suluric acid, Chean and have a rack

record from old times, has been usad in car
and 8margancy power.
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The potential of introduced storage battery in a world
1500 u
(GWh) H : AvE
: TkWh = —_zpst
1200 - . 30 thousand yen, al z; "7
H around 22.5 trilion yen| ;5
TkWh = :
900 400 thousand yen, | g

around 20 trilionyen| | $9750GWh =
600 : ' *=2
| #500GWh
+&
300 4
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T T T T
2005 2010 2015 2020 2025 2030 2035
#*Prospacts for Large Scale Energy Storage in Decarbonized Power Grids™ (2009, IEA)

The power of market (kW)
8.000
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2,000
1.000-
500-
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100-

{housand  f0thousand  Thousand  Sthousind  dthousand Sthousand k|
Cost/kWh change (future plan)

If the power cost is
at 30 thousand yen /kWh,

the demand of
the RF battery will be huge.

2025 battery market

Large-size storage battery (35%)+ Stationary battery(25%)

Others
Nas large-scale battel
battery elctrolle  controler rge- ry Other ba
3 trillion yen |11 3trillion yen and er battery etc.
ye Sty | o0y oy Y L
0 10 20 30 40 50 60 70 80 90 100%

-~

Cell(1 trillion yen)
Assun\eds}ﬁrelf'\mmtnflﬂbiim
Aim for 1/5 for LE sale,

2 billign yen
cocperation with battery make)

electrolyte(1trillion yen)
Bectrlyafabect | trillon yer /100
et ko
10 billipn yen
(LE System by its own )

The share of
LE systm target

L

controll(1trillion yen)

Control ot 1 trillon s share

mmﬂm;ﬂm«uswm
2 billion yen

power conditioner maker

About
14 billion yen
[target amoun
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RFB upsizing
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Redoxflow battery 25kW

The output and
amount storage

can be freely

adjusted by

adjusting the
number of cells
and amount of
the electrolyte.
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The vanadiumredox flow battery (VRFB)

has high generation cost comparedto
the other batteries

>

Power generation cost
(million yen./ Kwh)

LiB NAS RFB PSH

CONFIDENTIAL

Vanadium import price

VRFB COST BREAKDOWN
(1MW-8MWH,2013)

Cell stack

Assembly

construction
costs
16%

Piping and
tank
12%

10%

Electrolyte
35%

PCS 18%

Vanadium electrolyte cost 35%

of whole battery cost, it is important to

make it cheaper.

( Current situation 400,000 yen / m -target 200,000 yen / m )

—Aiming into 30,000 yen/kWh by
combining it with mass production of a
high output cell and an electric equipment

Copyright (C) 2016 LESYSTEM CO., Ltd. AllRights Reserved

Unit; $/ki
20004F | 20014F | 20024F | 20034F | 20044F | 20054F | 20064F | 20074F | 20084F | 20094F | 20104F 20204
Ferrovanadium 72 6.1 55 82 159 508 292 260 436 23.1 20.7 3.0
U"ns;a/gg Factor of Sumitomo Eledric Industries
: withdrawal RFB business
—

50.0

——TJxANFTUIL
40.0
300 -
20.0 ~~m
10.0
0.0

20004 20014F 20024 20034 20044 20054 2006% 20074 20084 20094 20105

Unit; VKWh
15 { 150000/ KWh }
10 IOOOOO/KWh,
5 ; 3 s
i 20000-0000 /|KWh :
0
RFB Price

¥ exchange : ¥100.0=1%
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B Petroleum coke

PC (petroleum coke) is a by-product produced in petroleum refining (FIG. 1).PCis aresidue of the process
where primary fuels such as gasoline or heavy oil are purified, vacuum distillation residual oil is subjected to
coking unit and then kerosene and diesel oil is extracted from gas. The improvement of purification in recent years
techniques will facilitate the production of PC.

Table 1 shows a comparison of bituminous coal and VR. PC has a heating value of ca. 1.24 times that of
bituminous coal. In estimating the amount of heat generated, for the same amount of power generation, PC
requires only 80% of bituminous coal (1/1.24). It also contains more heavy metals than general fuel and there are
less volatile materials during the combustion in the boiler. In general, fuel costs are lower than bituminous coal.
Thus, even with regard to power generation costs, PC is quite competitive with the bituminous coal powered
plant.

Table 1.
DT General Characteristics Comparison between the PC and other fuels

coal

30~100C Gasoline N »
100~150C Higher calorific
150~200°C Kerasene value (air-dried) 34893 28180 41850
250~300C (ki/kg)
350C~ Diesel oil

Volatile content

Heavy il (air-dried) (wt%) 9.9~13 26.2 —
Vi i il =PVR i ir-
Distilﬁ;:lo‘:'ln;ﬂam Residue oil Fuxjﬁ;a)rt:;tr;é)aur 87~90 56.3 20~30
Sulfur content
(anhydrous <6.5 0.40 4.0~6.0
Asphalt ashless) (wt%)
PC
Fig.1 PC Production Process Ve (i) <1500 — <300
15 Copyright (C) 2016 LESYSTEM CO., Ltd. AllRights Reserved
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M Kashima—Kita Power Plant
12 companies that operate the plant such as Mitsubishi Chemical, Kashima Oil and Kashima Electrolytic at
Kashima coastal industrial zone were invested and established the Kashima—Kita Electric Power Cooperation
(KEPC) which is managing the power plant and supplying the power and steam to the each company.
Besides Kashima south co—generation Kashima south joint power plant, there are Tokyo Electric Power
Kashima thermal power plant, Kashima co—fired Kashima joint power pla d Nippon Stee mitomo Me
Kashima thermal power plant in the vicinity.

These plant are utilized inexpensive heavy oil matter (such as
Orinoco Tar and Petroleum Coke).Although it have many impurity
materials, they have been completed the acceptance system and
the recycling technology of impurities.

Power generation facilities
Total output: 605,000 kW

Unit 1 rated output: 95,000 kW Fuel: petroleum coke
Unit 2 rated output: 125,000 kW Fuel: heavy oil

Unit 3 rated output: 165,000 kW Fuel: heavy oil
Unit 4 rated output: 150,000 kW Fuel: petroleum coke

Unit 5 rated output: 70,000 kW Fuel: petroleum coke

16 Copyright (C) 2016 LE SYSTEM CO., Ltd. AllRights Reserved
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Vanadium Recovery Scheme

PC Plant Taking out a vanadium sulfide frow waste Use %) Vanadium market
PC . Business schemes by LE original technology ™, 8 -
"Irun&SteeI'; 161 400 billion

Plant " I

Electric Dust
— Collector
g (EP)
s H
o v
m:
EH EP SOOT
2
5%
v L :
5 - z
-
= ini V Recovery
*. | sustaining . Vanadium
E iont**| Sulfide }» :
cofTrI:‘uasctéon deposition Sulfide
,/ Volume
;, reduced { Residuum
\I-n one-fifth/ (EP SOOT)
~— —
7 Waste materials ™,
\Iiss than one-sixth_/
g

@ To be patentedin the future
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Purification i
; pentoxle

Compared to therotary kiln, energy-saving and
low-cost

- Simple, compact and low-cost structure
-low-temperature combustion and auxiliary fuel
unnecessary

-Exhaust gas treatment is easy

- Easy to control the reaction of alkali roasting

Wo0at

¥ market
12 -

10756001 1
8
VRFB

]
a demand
2

o ~

arget

S —

2014 2015 2016 2017 2018 2019 2020

Iy Electrolyte market

p —Use—_ il sion
/ ™ RFE demand
600 billion A
market 50

Vanadium
electrolyte

gat

e
2014 2015 2016 2017 2018 2019 2020

wor
so NENEE NS RNEW =l Expansion
P -Use-_ 45 V Air demand
[ Special steel | 40 Vanadium metal
\ - /| 35 Average unit price
V Air battery) o 80,000 yen | kg
N 25 120 billion
Vanadium | 20 market
metal 15
10 Vanadium me!
5

_320_1__)/ demand

T T T T 1
2014 2015 2016 2017 2018 2019 2020
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The conventional model (rotary kiln)

=

¢ Rake ( vertical * rotation)

Powder raw material
(wet carbon)

% Alkali roasting
reaction part
V 205+ 3Na,COs
22Na3V0,+3CO
Fumnace floor 2
material
ceramic O
Sogium Auxiliary air

additior ey ozzle

—
an ® Exhaust | and
cl 6 gas desulfurizaton
typ! unit
(o>

Grate Yt
opening

Dust removal

d
osing
e
V

Volume reduction soluble Exhaust pump

soot = vanadium raw
Tars

Figure of the new combustion furnace

modael
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Cost reduction by
using the unused
waste

By self-combustion

EPsoot of fired PC
Power Plant

Alkaline combustion of
EP soot

|1—| sodium carbonate

(- ----—-—---=2

By wet processing,
work environment

Power
fumace, the energy device
recovery from PC T
32
soot. g 1|{zz1
2 |-z 2
et [k

Water-soluble, sulfide
precipitation

Sodium [
hydrosulfide |

Vanadium sulfide

improved energy-
saving and low-cost
to generated
electrolyte

Molten salt
electrolysis_method

Dissolution and
I Vanadium pentoxide I I oxidation I

! !

|
|
|
Calanation 1
|
|
1

V (I1) oxide

By molten salt

Metal vanadium

== e
v

electrolysis
method,

Generate energy-
saving and high-
purity metal V

Conventional vanadium recovery method
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Table

Hokkaido University
researchsection

vz
Electrolyte

Commercialization targetl IAW“':Ztion section
valuable resource 1
-

V Recovery System
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Alkali roasting of EP soot

- volume reduction of
unburned carbon
- Solubilization of vanadium (V)

2.The composition of thePC-fired EP soot (concentration%)
KL FURSCFRV/RIN RIZ7)

Water dissolved and sulfide
precipitation

*Dissolve the V salt in water.
*Separation removal of such as
Ni,Fe,Cu that not made the Na salt.
=Highly purified and solidified
precipitation of sulfides under acidic
conditions

*Soluble Mg, Na, the Ca are
eliminated.

F““‘*mWﬂfHMtwwm

7 woisture 2905 2591
Corbon 7074 8394

Ammonium sulfate precipitation 16.11
o 1153 57
v 202 061
Ni 059 036
Fe 042 028
Mg 101 003
E 02 009
Na 021 008

convevenreerca /e kg 3300~3700

V electrolytic solution produced
from the vanadium sulfide

* In an aqueous solution of VS
precipitation, oxide dissolved
*Thiosulfate, oxidized to sulfate ion.
Until the final V205

*V is reduced and become
tetravalent electrolytic solution.
*Electrolytic reduction to trivalent
divalent liquid produced.
Tetravalent electrolyte becomes
pentavalent electrolyte.

Metals other than copper and V are not create sulfide
in condition below pH4.

N BN

Cus Vs

A

SnS nS CoS NiS FeS MnS

LR

6
0 8 9

Residual metalion concentration (mol /1) logarithmic scale

Stable region of various metal sulfide

10112 83

14 15

(298K, PH25=101kPa)

The principle of selective highly purified and solidified
precipitation of VS
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VRF Battery Cost Test Calculation Result
VRF Battery Cost Test Calculation

Result
Basic Unit 250
1200 200kW
Cost down of electrolyte
1000 400M.~1—200M LT
200 Highoutput of battery
% Current density
S 800 = 80— 150mA/cm?
£ S
'S 150
= 600 [N
2 W
8 l <
> 1)
g 400 l 3
§ I B > 100
B | ] 2 Target price
©
200 o 30~40
I I I il I il -
. | B BN | :
c £ £ £ £ £l £ £ £
< 0 ﬂ < 0 ﬂ < o ﬂ
MW A MW R 3o0MwW o
B2BvH mERE WERIE IEE WEEE «EEE-FE 4hr  8hr 12hr 4hr 8hr 12hr 4hr 8hr 12hr
MW 4 MWER B 30MW
Copyright (C) 2016 LE SYSTEM CO., Ltd. AllRights Reserved
CONFIDENTIAL
R&D Results
12000
. * Ss
10000

800D
2 - ) N X
§ o Result analysis is V sulfide and sulfide of trivalent and
< tetravalent
000
2000
o
10 20 30 40 B0 60 70 80 80
Fositionl” 2Mhetal g lfide V dry product
Sample 151027
8000 40000
. .V
m VieN1s
G000 » 30000
g doon é 20000
8 LS
2000
10000 .
o - L
10 20 30 40 L 60 70 80 90 o
Positionl” 2Theta] 10 20 a0 40 50 a0 70 80 an
o Position[" ZThetal
GOOTC T Sample 151126(151027 4 %47
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B MT iR BB MT R
180 T 180
SSRR/TOUN e a3-Oosijcs witil Wiz wEOf
KIS WTYT &t 161 uEE szih YAy

120

120

100

2012 2017 2012 2007
Source:MITSUBISHI co., Ltd

Production andsupply is extended (preceding). On the other handthe growth of
consumption anddemandis limited (trailing)

Consumption and alotof demand in Asia and North America, viewedas a raw material use
(calcine), fuel use (cement and power generation)
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Vanadium RFB maker in the world

Prudent Energy  Chengde Wan Litong industrial group  Dalian hshtxfa of ,clhsrrical Physics (DICP)

http://www.pdenergy.com

lish.dicp.cas.cn

e

~ Urited Kingdom

Cellennium VFuel Pty Gildemeister  Gigha Wind Farm Battery Project
http://vanadiumbattery.com http://www.vfuel.com.al http://energy.gildemeister.com/en httpy//www.communityenergyscotiand.org.uk

O <
s membrane. pumyp

— America !0 America

Uni Energy Technologies Prudent Energy
http://www.uetechnologies.com/ http://www.pdenergy.com
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Charge and discharge device container unit
500kW inputandoutput X 2 units

100kW container unit X 10 units

46
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Urban Pumped-storage Power Generation

Maximum power
required

Power source
other than sunlight

0 7
Night time power —| e

Maximum power

Excess required

Night time power

® Increase in the percentage of renewable energy

® Increase of demand as the base power

® Combine with a storage battery as the power

generation amount is unstable

® Peak cut in the storage battery use as urban

pumped-storage power generation

Copyright (C) 2016 LE SYSTEM CO., Ltd. AllRights Reserved
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Backup during a disaster

RFB is possible to adjust
the scale of the quantity
of storage electricity

as needed.

Power supply during disaster

Generator Fuel battery
Zoower consumption during disaster (prediction) graph
Fossil fuel
— (Heavy oil hydrogen
200 and light oil)
Moblle charger

Aduadisw3juoya8ei01S Jamod

requires storage and

aquipmant

®iso ) - Retrograde in transportation facilities
A conditioning CO2 problem of hydrogen
N
- ENasS battery
difficulty in safety and
Storage rllmnln;ycos &4

battery

sof

MLithium-ion battery
Life is limited, high cost
ici HLead battery
Elsctricity Life is limited, and
an energy density is low

00

<Design condition>

(0 evacuation space :person /1 tatami (1 621 BRedox flow (RF) battery
evacuees number : places / 200 people It can be stored directly Heteatdranbalistalsd

WThe necessary electricity that 200 people to renewable energy anywhere.Large-capacity,

can evacuate for three days is 1,11

S5kwh and life is long
WThe maximum output is around 25kw1lf use with control)

J
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Image of renewable energy and VRFB

Photovoltaic power

Biomass power generation
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(_Residential Battery Storage )
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