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R&D Strategy Direction in Solid Electrolytes for Solid-state Batteries
by Analyzing Patent Indexes and National R&D Projects
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ARTICLE INFO ABSTRACT

Article history: This study analyzed the patent indicators, technology market, and concentration
Received 8 October 2024 related to the solid electrolyte technology and compared them with national R&D
Revised 13 November 2024 : . .
Accepted 15 November 2024 project outcomes. Solid e%ectrolytes, a C.OI'C. component of s§condary ba.tte.rlles., are
among the 38 future-leading technologies identified by national R&D initiatives.
By examining patent indicators alongside trends in R&D projects, this study
aimed to provide insights into the direction of national R&D strategies for the solid
electrolyte technology. The patent analysis revealed that Korea’s technology and
market indexes of patents in this field are comparatively lower than those of
leading nations, whereas the patent concentration index suggested moderate
competition within the market. An analysis of the national R&D projects indicated
that the Korean government primarily supports basic and developmental research
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NTIS in this sector. Thus, we recommend an expanded focus on both basic and applied

research in solid electrolytes to enhance the country’s industrial competitiveness.
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Table 1 The scope of

patent search

P h
Type Oz_lecnet Data base [S)Z?ir: J Search range
KIPO
Publicized or | USPTO 2005. 1. 1. | Publicized or
registered JPO | WINTELIPS | ~ 2022. registered
patent EPO 10.31. patents
SIPO

Table 2 The technology classification

Category

Type

Technical details

Wet synthesis for high
ion-conductive solid
electrolyte (AA)

Wet synthesis of solid
electrolyte for electrode
application

New composition of
sulfide-based solid
electrolyte (AB)

Design and manufacturing
technology for
sulfide-based solid
electrolytes that can secure
original patents

Cathode composite
with solid electrolyte
for High-performance

Cathode composite
technology for
all-solid-state batteries
where the solid electrolyte
is efficiently combined to

(AC) enhance electrode
Solid performance
electrolyte Mass production
) Mass-production technglogy for
technology for solid commercialization to
electrolytes (AD) generate new market for
solid electrolytes and
all-solid-state batteries
Raw material technology
Raw material of solid electrolytes with
technology for solid considering
electrolytes with  |commercialization of solid
low-cost (AE) electrolytes and
all-solid-state batteries
T.hm membrane O.f Manufacturing technology
solid electrolyte with . . .
. . of thin film for using solid
high mechanical electrolytes as separators
properties (AF)
Environment-friendly | Manufacturing technology
lithium ingot for lithium ingots used in
technology for Lithium| lithium metal electrode
Anode Batteries (BA) production
technology | Anode composite with|Manufacturing technology
for Carbon-Metal for for carbon-metal
lithium-meta| all-solid-state batteries | composite anodes for
1 battery (BB) all-solid-state batteries
B) Ultra-thin anode |Manufacturing technology

electrode technology
for lithium metal

for ultra-thin anode
electrodes for lithium
metal batteries

batteries (BC)
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Sulfur composite
technology for sulfur

Technology for manufacturing
sulfur composites with high

C;h(ide utilization rate of over| electrochemical activity from
tec fo %8Y!" 1000 mAbh/g (CA) | various sulfur raw materials
or -

lithiume-sul Sulfur-carbon Cathode manut.’acturmg
. technology for high energy
fur battery | composite cathode density electrodes b,
© technology with high v Y

sulfur-carbon composite high

energy density (CB) technology

All-solid-state battery
cell technology with
100 cm’® (DA)

Manufacturing technology for
all-solid-state single cells with
a larger area scale.

Cell assembling equipment
technology specialized for
all-solid-state batteries, such as

Cell assembling

All-solid-st| ~ cduipment for

ate batte manufacturing atmosphere control and
batteryry All-solid-state corrl)stant pressure
batt DB L
D) attery (DB) pressurization

Manufacturing technology for
modules with 12 V class
through serialization
all-solid-state battery cells
with high energy density

All-solid-state battery
cell and module
technology with 350
Wh/kg class (DC)
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Table 3 Effective patents for ma

or patent offices

Category | Type | KR US JP EP SI Total
AA 69 43 40 21 95 268
AB 87 103 139 54 97 480
AC 38 71 62 24 153 348
A AD 30 27 56 12 32 157
AE 28 33 71 24 88 244
AF 46 73 98 29 134 380
BA 15 24 15 14 39 107
B BB 24 31 39 17 75 186
BC 34 20 34 15 60 163
CA 47 31 16 19 177 290
¢ CB 16 19 8 10 68 121
DA 36 53 48 26 66 229
D DB 15 26 42 7 28 118
DC 31 18 65 5 50 169
SUM 516 572 733 277 | 1,162 | 3,260
Analysis method and research content
Stage 1 Stage 2 Result
Patent Index National R&D
Analysis Analysis
Technology Basic
index National R&D R&D
(CPP, PILTS) Trend
. R&D L
Mar?;}t: Sl;ldex . dsllrlggl’ Ztn Apggagon
Concentration Project Investment
index Amount Development
(HHI, CRn) R&D

Fig. 1 The research framework
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Fig. 4 The patent application trends for technology groups
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Table 4 Technology and market indexes of patent solid electrolyte

(A)

National | > ;Zf;ttered CPP | PI TS | PFS
P 109 7.6 09 | 927 | 09
KR 29 1.6 0.2 5.0 0.6
Us 17 29 | 37 | 627 | 25
CN 4 0.5 0.1 0.2 0.6
DE 3 3.7 0.4 12 1.1
™ 1 0.0 0.0 0.0 0.9
AT 1 190 | 21 2.1 1.7

Table 5 Technology and market indexes of patent wet synthesis
for high ion-conductive solid electrolyte (AA)

National | 0> ;Zf;ttered CPP | PI TS | PES
KR 9 1.1 .1 | 100 | 06
IP 9 1.0 10 | 90 13
CN 1 1.0 1.0 10 | 05
DE 1 00 | 00 | 00 15

Table 6 Technology and market indexes of patent New
composition of sulfide-based solid electrolyte (AB)
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US registered
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National CPP PII TS PFS
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Table 7 Technology and market indexes of patent Cathode
composite with solid electrolyte for High-performance

(AC)

National | U> ;Zf;ttered CPP | PII TS | PFS
JP 25 53 1| 272 | 11
Us 6 17 | 03 | 20 | o6
KR 3 6.3 13 | 39 1.0
DE 1 9.0 1.8 1.8 1.2

Table 8 Technology and market indexes of patent Mass-production
technology for solid electrolytes (AD)

National | U> ;Zf;ttered CPP | PO | TS | PFS
IP 6 120 | 04 | 23 13
KR 5 20 | o1 | 03 | 07
Us 3 1313 | 41 | 124 | 09
™ 1 00 | 00 | 00 | 13

Table 9 Technology and market indexes of patent Raw material
technology for solid electrolytes with low-cost (AE)

National | 0> ;Zf;ttered CPP | PI | TS | PFS
IP 13 101 | 12 | 152 | 09
Us 1 20 | 02 | o2 | 11
KR 1 00 | 00 | 00 | o8
CN 1 0 | o1 | o1 | 05
AT 1 190 | 22 | 22 | 21
DE 1 20 | 02 | o2 | 18

Table 10 Technology and market indexes of patent Thin
membrane of solid electrolyte with high mechanical
properties (AF)

National | 0O registered | pn by TS | PFS
patent
JP 9 63 06 | 54 | 03
Us 7 219 | 21 | 144 | 22
CN 2 00 | 00 | 00 | 04
KR 2 10 | o1 02 | 04
A AER 15 FI7E(AC) A= B A A ARHAF)
S¢ M P BAe e 2o A Sed 716
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Table 11 Concentration indexes of patent

Category| CR4| HHI Competition | Concentration Total
strength level
Buyer oriented Low Less
A 31.2 (770.08 high [Easy to market| competition
competition entry] market
Table 12 Concentration indexes of patent
Type | CR4 | HHI Competition | Concentration Total
strength level
Buyer oriented Low Less
AA 299 | 4123 high [Easy to | competition
competition | market entry]| market
Government Normal Competition
AB | 67.3 |1,469.5 oriented [Average to P
.. market
competition | market entry]
Buyer oriented Low Less
AC |24.1| 3183 high [Easy to | competition
competition | market entry]| market
Buyer oriented Low Less
AD |49.7 | 992.2 high [Easy to | competition
competition | market entry]| market
Buyer oriented Low Less
AE | 15.6 | 193.6 high [Easy to | competition
competition |market entry]| market
Government Normal Competition
AF | 429 |1,234.6 oriented [Average to P
.. market
competition | market entry]
7t 2Rl 9 7ol MEES AE THOE A9 AT
=5 S5k golnh. HHI Al4-9] ks A A& 34
Ao xdiﬂxqgi 770.082 53t Aol 3lof BAYo] of
AR e oFe Aoz mleteEtiTable 11). T S31EA Atz
A j_ﬂ]@—aﬂxal(AB)J,]- 7% 8k j_xﬂ%—]oHX]D]-(AF) Hok= A
2847t =8 Hor AMAFoR BELlo] At 7|49 AlF
Z19jo] goJstA] e 7oz HFETH(Table 12).
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Fig. 5 Trend of national R&D project
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Fig. 6 Trend of national R&D funding

Table 13 Support amount of national R&D per projects

Year 141 '15) "6 '17 | '18 | '19 | 20 | 21 | 22| 23 Sum

Funding

amount
(¥0.1 billion 7.0[ 56.6| 78.6| 120.5] 139.9| 151.4| 189.5|259.9| 303.4| 267.8| 1,624.6

»)

No. of

projects 16 22| 30| 48| 56 | 71 81 | 127 | 132| 106 689
B)

A/ B 36| 26(26] 25| 25| 21| 23] 20| 23] 25 24
A 2% 6897) R&D IA(Al7HA 71202 = 26170 IANE
Faai9 olg —Erw A ohext 2

WA A 3 % 2 Y 39 B thest gt A
ZIA] ok =7F AT A e LA R F7F FA 9
3L AlFA] HIS e 20 O] %R E mie- 2 Ao ElHn):

(Fig. 5, 6).
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Fig. 7 The trends of national R&D stages
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