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The output and 
amount storage  

can be freely 
adjusted  by 

adjusting the 
number of cells 
and amount of 
the electrolyte. 
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RFB upsizing 

Redox flow battery 25kW 

RFB upsizing 

Three-dimensional graphics image 

The output can be 
freely adjusted 

the amount 
storage of 

electricity in the 
amount of the 

electrolyte by the 
number of cell. 
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The vanadium redox flow battery (VRFB)  
has high generation cost compared to  
the other batteries 
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4 
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LiB NAS RFB PSH

Power generation cost 

(million yen／Kwh）  

Vanadium electrolyte cost  35% 
of whole battery cost, it is important to  
make it  cheaper. 
 （ Current situation 400,000 yen / ㎥ →target 200,000 yen / ㎥ ） 

→Aiming into 30,000 yen/kWh by  

combining it w ith mass production of a  

high output cell and an electric equipment 
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Current situation more than 100,000 yen 

2-1. Cost of vanadium redox flow battery 

Cell stack 
10% 

Electrolyte 
35% 

Piping and 
tank 

12% 

Assembly 
construction 

costs 
16% 

Profit 
9% 

VRFB COST BREAKDOWN 

 （1MW-8MWH,2013）  
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Vanadium electrolyte cost accounts for 35% 
of whole battery cost, need to be cheaper. 
 （ Current s ituation 400,000 yen / m3 → 
target 200,000 yen / m3 ） 

→Aim at the battery realization of  

30,000 yen/kWh by combining it with  

mass production of a high output cell  

and the electric equipment 
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2-2. Reason for the high value of vanadium electrolyte 

2000年 2001年 2002年 2003年 2004年 2005年 2006年 2007年 2008年 2009年 2010年 ・・・ ・・・ 2020年

Ferrovanadium 7.2 6.1 5.5 8.2 15.9 50.8 29.2 26.0 43.6 23.1 20.7

Vanadium import price 
Unit；$/ｋｇ 

Factor of Sumitomo Electric Industries 
withdrawal RFB business 

8 $/kg 

50 $/kg 

20 $/kg 

2020年 

3.0 

R F B  P r i c e 

Unit；$/ｋｇ 

50000 / ＫＷｈ 

150,000 / ＫＷｈ 

100,000 / ＫＷｈ 

0 

5 

10 

15 

Unit；\/ＫＷｈ 

20000-30000 / ＫＷｈ 

※ exchange ：￥100.0＝1 $ 

3 $/kg 

Target 

・Vanadium depends on the 
import in a rare metal 
・ A price depends on the 
market conditions 
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■Petroleum coke 
     PC (petroleum coke) is a by-product produced in petroleum refining (FIG. 1). PC is a residue 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.  

  

15 

PC 
Bituminous 

coal 
VR 

Higher calorific 
value (air-dried) 

（kJ/kg）  
34893 28180 41850 

Volatile content 
(air-dried) (wt%) 9.9〜13 26.2 ＿ 

Fixed carbon (air-
dried) (wt%) 87〜90 56.3 20〜30 

Sulfur content 
(anhydrous 

ashless) (wt%) 
＜6.5 0.40 4.0〜6.0 

Vanadium (ppm) ＜1500 ＿ ＜300 

Table 1.  
General Characteristics Comparison between the PC and other fuels 
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 ■Kashima-Kita Power Plant 

 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 

 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 plant and Nippon Steel Sumitomo Metals 
Kashima thermal power plant in the vicinity.  
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Exhaust 
 gas 

Grate 
opening 
and 
closing 
type 

Furnace floor 
material 
ceramic 

Powder raw material 
(wet carbon) 

Rake（ vertical・rotation）  

Volume reduction soluble 
soot = vanadium raw 
materials 

Auxiliary air 
nozzle 

Auxiliary air 

Ｔ 

Ｐ 

Exhaust pump 

Dust removal 
and 
desulfurization 
unit 

Sodium 
carbonate 
addition nozzle 

Figure of the new combustion furnace 
model 

Alkali roasting 
reaction part 

Ｖ ２Ｏ５＋３Ｎａ２ＣＯ３

→２Ｎａ ３ＶＯ４＋３ＣＯ
２  

Compared to the rotary 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 

2-4. Development of vanadium recovery for new combustion furnace model 

The conventional model (rotary kiln) 

S
e

lf-su
sta

in
in

g
 C

o
m

b
u

stio
n

 F
u

rn
a

ce
 fo

r V
a

n
a

d
iu

m
 R

e
co

ve
ry  



2016/3/16 

8 

Copyright (C) 2016 LE SYSTEM CO., Ltd. All Rights Reserved 

The comparison of vanadium recovery between conventional method and 
these research and development  

EP soot of fired PC 
Power Plant 

Alkaline combustion of 
EP soot 

Water-soluble,  sulfide 
precipitation 

V+4・V+３

Compound 

Molten salt 
electrolysis method 

V (II) oxide 
Metal vanadium 

V+5electrolyte 

V+２

Electrolyte 

Power generation 
device 

p
o

w
er 

Exhaust 
heat 

Vanadium pentoxide 

Sodium 
hydrosulfide 

Vanadium sulfide 

sodium carbonate 

Dissolution and 
oxidation 

V Recovery System 

Cost reduction by 
using the unused 

waste 

By wet processing, 
work environment 
improved energy-
saving and low-cost 

to generated 

electrolyte 

By molten salt 
electrolysis 
method, 

Generate  energy-
saving and high-

purity metal V 

By self-combustion 
furnace, the energy 
recovery from PC 

soot. 

Hokkaido University 
research section 

Commercialization target 
valuable resource 

Application section 

Conventional vanadium recovery method 

Calcination 

３．３．R & D results 1 
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Alkali roasting of EP soot 
 

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

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. 

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 V2O5 

・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. 

23 

The principle of selective highly purified and solidified 
precipitation of VS 

Table 2. The composition of  the PC-f ired EP soot (concentration%)  

No washing After washing with water 

Lower calorific value kcal /  kg 

Stable region of various metal sulfide （298K, PH2S=101kPa） 
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Cost test calculation example of LE system’s vanadium battery 

３．３．R&D Results 6 
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VRF Battery  Cost Test Calculation Result  

Cost down of electrolyte 
400円／ℓ→200円／ℓ以下 

High output of battery 

Current density 
80→150mA/cm2 

 

Target price 
30～40 
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Result analysis is V sulfide and sulfide of trivalent and 

tetravalent 

Sulfide V dry  product 

３．３．R&D Results 7 
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Production and supply is extended (preceding). On the other hand the growth of 

consumption and demand is limited (trailing) 

Consumption and a lot of demand in Asia and North America , viewed as a raw material use 

(calcine), fuel use (cement and power generation) 

Source:MITSUBISHI co., Ltd 
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100kW conta iner unit×10 units 

Electrolyte tank×20 units 

Charge and discharge device container unit 
 500kW input and output×2 units 
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