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Abstract: The rapid demand for electric vehicles and energy storage systems has increased interest in energy storage
devices worldwide. New technological alternatives are needed to reliably supply energy storage mineral resources such as
lithium and vanadium, which are key materials for energy storage devices. Already, research and development activities are
taking place in various countries on technologies that can directly secure lithium and vanadium. Accordingly, it is very
important to analyze each country’s technological trends through patent and paper analysis to establish effective research
and development strategies and to set future technological development directions. This study analyzed trends in the
development of new technologies and the current status of research and development at home and abroad through patent
data from Korea, the United States, Europe, and Japan that were disclosed or registered from 1970 to October 2019, and
the data searched for papers from January 2000 to October 2019. According to the analysis, the current growth stage of
the technology related to energy storage minerals is in the beginning stage. Therefore, it is believed that a strategy to
rapidly upgrade technology by combining the development of new technologies and demonstration of developed
technologies is needed in order to lead the technology market and strengthen the competitiveness of technologies.
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Table 1. Patent searching DB and search range

Category Country Search DB Analysis section Search scope
Korea
Open, Registration patent Japan WINTELIPS By application date Entire. aniFle of open,
(Based on date) Us 1970.01-Current (2019.10) registration patent
EU
Paper ) Scopus By application date )

1970.01-Current (2019.10)

Table 2. Technology classification

Main category Sub category Search Overview (Technical Scope)

Technology for exploring energy storage minerals in
Development of Energy Storage  three dimensions and evaluating the prediction and
Minerals (V, Li) Precision Exploration I€Serves of three-dimensional minerals

Techniques and Prediction of Exploration of Potential Photovoltaic Observatory for

Unpreserved Capacity Wide Area Energy Storage Minerals and Prediction of
Future Strategic Mineral Resources Non-presence
Securing Technology for Demanding the Core element technology by vanadium light unit line
Fourth Industrial Revolution and process technology by continuous processing fusion
Dressing/ Smelting/ Utilization ~ 1n€
Technique for the Utilization of Mineral Technology of dry/dampant smelting and separation
Resources of Sub-Banadium refining of vanadium-containing solid mineral products

Technology for securing future energy storage industrial
materials using vanadium light and smelting products

Table 3. Technology searching keyword

Keyword

Search formula

Mineral resources

CFEAR* (P11 Z* mineral* P]4]E* inorgani* nonorgani* non-organi* F-7]* J&*) AND (X}%*
resourc® $HAT* rock B2+ S eb* BAG* SP7debt Q13FA* Q1A F ApghE A nbkk X Fk R FH geo*
earth®)) (FRHE* BUE* ko] 2+ vhde] 9 uhd* wivkE* WRbR] S vanadium®* vanadum* 2%
&+ ZEE* FElH* FE* ZF* XL+ FXE* Lithium* Lithuim*) and (A+9* resourc*)))

Potential resources

(reserve* deposit* =% 1l 7g+)

(@=* o)d* forcast predict* forsee g * F+=* estimat* 7}* appraisal* assessment* evaluat* estimat*

Exploration/Forecast EAT% analysis BAPF explor®)

Vanadium g My E* aue] e vt * vpd* wu-g* B+ vanadium* vanadum®)
Smelting/Dressing (A * F2|#12* Zg&* furance |2 * #|73* 83+ smelt* 413* (mineral near2 (process* dress*)))
Aa4e) solz B minerl resouces), 1 S5 2M0f| o/ X PHLRINTRE

A1 (potential resources), AN S (exploration/forecast), M7l e SEt

vlE (vanadium), 4133/ ¥ (smelting/dressing) 5=
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Fig. 2. Patent application trend by country and by yea
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Table 4. Application status of major applicants

Major IP Market Countries (number of cases)

Major applicant Nationality ~ gipo  USPTO  JPO EPO Main CIitzzltion Cur?ulz:/tive
®KR) (US) Py (EU) P ity ndex e O6)
Arcelormittal LU 3 2 3 2 10 KR, JP 4.50 2.9
Schlumberger Technology us 7 7 us 24.14 5.0
Stahlwerk Ergste Westig DE 5 2 7 us 2.14 7.1
POSCO KR 7 7 KR 1.00 9.1
Benteler DE 3 3 6 uUs, EU 333 10.9
Halliburton Energy Services us 4 1 5 usS 19.60 124
Chevron us 5 5 us 9.40 13.9
Technoimaging us 4 1 5 us 5.40 153
Bohler Edelstahl AT 3 2 5 us 2.40 16.8
Nippon Steel JpP 5 5 Jp 0.60 18.3
Barringer Research CA 4 4 UsS 20.00 19.5
Terraspark Geosciences us 2 4 uUs, EU 18.25 20.6
Exxonmobil Upstream Research us 2 4 us, EU 11.75 21.8
KIGAM KR 2 1 1 4 KR 0.75 23.0
000 Rock flow Dynamics RU 4 4 us 0.50 242
]

| Vanadium mineral smelting/ore dressing technology

B Energy resource mineral precision exploration and abundance prediction technology
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Fig. 5. Patent trends by technical classification.
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M Energy resource mineral precision exploration and abundance prediction technology
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Table 5. The number of papers and citations of major institutions (Energy resource mineral precision exploration and abun-

dance prediction technology)

No. Institutions Nationality No. of papers Citation
1 State Key Laboratory of Geological Processes and Mineral Resources China 37 1,060
2 University of New Brunswick Canada 12 216
3 Centre for Exploration Targeting Australia 11 77
4 Institute of Mineral Resources China 11 94
5 U.S. Geological Survey USA 11 179

Table 6. The number of papers and citations of major institutions (Vanadium mineral smelting/ore dressing technology)

No. Institutions Nationality No. of papers Citation
1 Universit degli Studi di Napoli Federico II Italy 12 136
2 The University of New South Wales Australia 11 92
3 Tohoku university China 6 10
4 CNR-Istituto di Geoscienze e Georisorse Ttaly 5 16
5 Indiana University-Purdue University Indianapolis USA 5 59
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