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Since the fossil fuel-based industry significantly contributes to air pollution and climate change, better living
through fossil fuel has come at a cost. In this connection, Bio-based chemical technologies based on reusable
biomass such as cells or other living things are receiving great attraction. But at the same time, they are
considered as high-risk investments that require a long-term effort to be adopted by businesses. Therefore,
building on a common academic consensus that there is a strong correlation between patent lifetime and business
potential, this study proposes a machine learning model to predict the lifetime of bio-based chemical
technologies. To this end, CAS (Chemical Abstract Service) patent database and PATSTAT (Worldwide Patent
Statistical Database) are used to identify global bio-based chemical technology patents. The proposed model
identifies bio-based chemical technologies that have high business potential with an accuracy of 81%. Further,
the application of an explainable Al algorithm to the model found that the geographical scope of technologies
and the size of stakeholders of a business significantly influence the business potential of bio-based chemical
technologies. Our research results can be used for the investment and management process for bio-based
chemical technologies with high business potential.
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Table 1. Example of bio-based Chemical Patents Identified from CAS Patents

Pat num STN pat num nation Cas number Chemical name
EP3257945 5830 EP 504-63-2P 1,3-Propanediol
P3257945 5830 EP 513-85-9P 2,3-Butanediol
EP3257945 5830 EP - Glycols
JP2017066082 3740 JP 106096-93-9P Basic fibroblast growth factor
US2015353611 4474 US 50-21-5P preparation
US2015353611 4474 Us 1414-45-5P Nisin A
KR20180027496 4626 KR 64-17-5P Ethanol, preparation
KR20180027496 4626 KR 71-36-3P 1-Butanol, preparation
KR20180027496 4626 KR 67-63-0P 2-Propanol, preparation
KR20120082673 4680 KR 89-00-9P 2,3-Pyridinedicarboxylic acid
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Table 2. Top 10 Nations with Registered Patents

Rank Nation Number of registered patents
1 US (United States) 8,301
2 JP (Japan) 3,899
3 EP (Europe) 3,691
4 KR (Korea) 3,121
5 CN (China) 2,673
6 AU (Australia) 1,883
7 ES (Spain) 1,696
8 CA (Canada) 1,489
9 RU (Russia) 601
10 MX (Mexico) 579
W H 62,026719] 5= T2 5519 44H 53
B PO Yk 539 £9 |5 EdL G&57] 9
AMe sEHALH, £ 249 537 Hasit) uet
A, 62,0267¢] 53] F T5H 531 30,009 1< 4Bk
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Step 1. Defining lifetime of bio-based chemical patents

~ ~ e Lifetime of bio-based chemical patents

Step 2. Extracting input features using bibliographic
information of bio-based chemical patents

~ ~« Structured bio-based chemical patent data

Step 3. Constructing patent lifetime prediction models

~ ~~« Trained lifetime prediction model

Step 4. Identifying important features using xAl

« Important features impacting lifetime of
bio-based chemical patents

Figure 1. Overall Research Process
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Table 3. List of 21 Legal Event Classes and Descriptions
Class Description Class Description
A Application filling P Re-publication of document after modification
B Application discontinuation Q Document publication
C Application revival R Party data change
D Search and examination S Information on licensing and similar transactions
E Pre-grant review request T Administrative procedure adjustment
F IP right grant U Payment
G Protection beyond IP right term \% Appeal
H IP right cessation A\ Other
K IP right revival Y Correction and deletion of event information
L IP right review request Z Classification pending
M IP right maintenance

Table 4. Example of Legal Events of a Patent (KR101043190)

Event code Event class Description Event date

KR A201 D: Search and examination REQUEST FOR EXAMINATION 2008-05-07

KR E902 B: Application discontinuation | NOTIFICATION OF REASON FOR REFUSAL 2010-05-18

. DECISION TO GRANT OR REGISTRATION OF
KR E701 F: IP right grant 2011-05-19
PATENT RIGHT

KR GRNT F: IP right grant WRITTEN DECISION TO GRANT 2011-06-15

KR FPAY U: Payment ANNUAL FEE PAYMENT 2014-06-05

KR FPAY U: Payment ANNUAL FEE PAYMENT 2015-06-04

KR FPAY U: Payment ANNUAL FEE PAYMENT 2016-06-02

KR LAPS H: IP right cessation LAPSE DUE TO UNPAID ANNUAL FEE 2017-06-16
(2) Hlol 2318 551 MAHEE 243 SN E FF 2R3 < Hbeke e FER P webA, Hho] 2 818 =
247 5o FHdSS Foll ol 23e S5l nizy s H2y 2 AR GFE € 7 e La5S A
Table 5. Extracted Input Features Using Patent Bibliographic Information

Dimension Input feature Description

Geographical scope (Fischer and
Leidinger, 2014; Squicciarini et al., 2013;
Ko et al., 2019)

Member info (EU member)

1 if the applicant's nation is an EU member; otherwise, 0

Member info (EPO member)

1 if the applicant's nation is an EPO member; otherwise, 0

Member info (OECD member)

1 if the applicant's nation is an OECD member; otherwise, 0

Member info (organization)

1 if the applicant type is an organization; otherwise, 0

Member info (continent)

The applicant nation's continent

Number of family patents

Number of family patents already applied for technology
preoccupation

Number of priority nations

Number of unique countries of prior patents

Number of priority patents

Number of priority patents already applied for technology
preoccupation

Technological scope (Lanjouw and
Schankerman, 2004; Zhang et al., 2016;
Kim et al., 2020)

Number of claims

Scope of overall technological claims a patent has

Number of abstract words

Degree to which a patent describes an invention in depth

Number of IPCs

Number of main classes to which a patent belongs

Number of IPC sections

IPC sections to which a patent belongs

Cooperation degree (Guellec and Potterie,
2000; Lai and Che, 2009; Choi ef al., 2020)

Number of applicants

Number of patent applicants

Number of applicant nations

Number of unique countries of patent applicants

Number of inventors

Number of patent inventors

Number of inventor nations

Number of unique countries of patent inventors

Novelty (Schoenmakers et al., 2010;

Verhoeven et al., 2016)

Number of backward citations

Number of backward citations of a patent

Median gap of backward citations

Median of differences in application date between a patent
and its backward patents
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£ 3ot & 9lth 53], PATSTAT] 224 S5 HRE A
Fot7] jiEol, 587t 559 VMRS 48T 5 JoH,
=7t 97, 277 A E5A B, OECD(Organization

‘:,9‘*‘

for Economic Cooperation and Development) =7} & §- & 3
o ¢ Atk BF o2, 5619 Family AR} $A1d AHE
Z83 A EE A3 At Family 9} $AH JEE F3) %
7k W& AT o Jlom, et Ad 3 Aol A Family
FAE ARE 7€l e B E AEsy] el 28
5 A TH(Jiirgens and Herrero-Solana, 2017; Kabore and Park,
2019). E}Sii ZleEe] £4E A A4S gefetr]
ol 2, EHA RE 28 ARE A 5519
wzmr;}g—?% B clgo] EANLS ofujsinl, w4
Ao Z7p7 dgFgrE 539 7W7} EC AR 4¥A
A Th(Ferrucci and Lissoni, 2019). o7 EF xEo 7,40]
3 549] IPC RUE F4 Bojsl 144 0
e ARE At Sele 7]301] fﬂ 4
T AE
RS L ;zlt A7} HeS o] ?&E}(Ko etal, 2019).
HFAog B AFE 1Y ARE AHYson,
PATSTATO A A EE FE38] nio] 288} 53|19 1 9
ZRd F30 890

E mlﬂl

(3) ol 288 B3l 57 o) 2w 75

£ AN JYE 1879 AES, 550 57 AuE
B gafol M 2Y2 FANO] Ee EH o3 st mUe P
ZaT. vl 2U2s A4 B BHE Ao $9o
29 49 B31E onisie, Wz 2 FAel we B
S Aoz £yl g £ SHE oln B gy,
£ A7} A5 vhol 0348 5359 £9 32D L 187)
o YAAEE T w=U 2 A Ho) BL E5E A5t
o7 BHEHOITHI: HAY £, 0: HAY %)

old ¥R F5L 930, 1) ThE JAEA 222 DR

(Distributed Random Forest), 2) Blo]E 2] HA g HAE 4E
& 4 9l AF A7 <] DNN(Deep Neural Network), 3) & &
JE2RF o AAE Fa) A2 YL A= B
GBM(Gradient Boosting Machine), 4) g £HAE 2| ¥

o2 EFY 7+ TR EAS BXIE= XRT(Extremely
Randomized Trees), 5) TFaHY Hlo]EH & A ¥ md & o] 43}

53l LMC(Linear Model Classifier)&
ol T H < 3toly serE E
stol ev|ElE AlF3F= AutoML(Automated Machine
Learning) 7] 83T} AutoML-2 sto| 3 3he}bn| g g4
e AAs L s ete A S T3l ool e
2 ndo 45 AFd FrhHe ef al, 2021). £ A+
Python 7]¥Fe] AutoML 2to] E <l H20E AHE3te] 24 &
99| sto] 7 Betr|HE TE3tH, 49 gto|¥ stetulE &

Bga9om 7 »
CEEMEEEED

71—&—_57]] 1:11:41,] /\-l p_ulj_z:s_q.

S5 dEEd s A5S vlasty] 98, velEE 570
o T 7|2 B¥31, 5 AFE sH HEE
5-fold cross-validation “Hﬂ% g3t 7 dhE 3o A
4fold= B9 3o &85, Ifolde AF &&HT F
THOE SHY AFA éﬁ'é 53 B HE AT A

ol =

Z3H Ft. B A7 B2 45 S Hrte] 3
TrueZ2 E7& dolg F AA Trued HES Yv|si=
Precision(EQ. 1) 2 A| True! ©lo] E1 Zdo] TrueZ 9=
3 188 915l Recall(EQ 2)S AHE3 5, o] 59 %3519
O 2 A4S = Fl score s E-E3HHTHEQ. 3). Fl Score s &
£3}7] W&o, 29| Precision?} Recallo] BF & 2d&
ARe 5

é-"=
. o
L
o

)]
M

TP

Precision = EW (D)
TP
Recall = ZW (2)
.
F =2+ precision™recall 3)

precision +recall

EQs. -39 A, TP+= True Positive 2, 2 A True$l ] &2 2
o| Truegtal HH3 4 $-E 9 ]fﬂuﬂ TN True NegativeE,
A A FalseSld] 2d0] False2 o] =3 7 ¢S onjdit} o =
£, HI2YU 2 7HA7L 2 & Bdo] 5/ dS3HH
TP, HIZU 2 7}A)7} W& E6| & o] B oS3t FP
o]t} FP False Positive 2 A Al False 1] =& o] True2 T
St 495 913, FN-2 False Negative2 A A Trueld &
‘“O] FalseZ 9 & 4 & 9 ]6“:} ERLIEAREW M
S AR EZFPAu AAZE W& ¢ FP, HIRY A 71H]

PSS ALE YA AAEE 2 H 7N T

@) MA7LE AFAS SugEs 43 T 4

AR g S| 47t AEAT ¢aEE LIMES 2§
st B9 S A%E 43t LIMES 58 d 529
of ARAA FHOE, M o] G| Y EFED L T
st Ay EFnde IAASFE 53 24E 4y
(<Figure 2>). o|w} M2 S5 Ay EFELS dgrd
(Surrogate model)©] 2} O}Et'ﬂ, EHE] 42 5 dEEd s
2t 34 7Hsd o]t <Figure 2> A, A2 85
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Decision boundary of surrogate model

Decision boundary of blackbox model

Figure 2. Schematic of the LIME Algorithm

& Ltehd, B3 A e 1A T
E3) 3| d5 1A k= g ol

2 Al o g 2 ded de Y e s
A B S NEE EReter 52 A5E HolATh &

39 H2Y 2 A S RD S 3H<‘—1§=} Eﬂﬂﬁ’-@li 1A Q
A E 9 (Ridge regression model)S 83} % Th(McDonald, 2009).
A AR AT E T LE O o] Sof th3 Mo IF

S & 9otd ¢ glof, vho] 0 318F E5] o) 1 o 2 A o] o g
o] & uotd 4 Qi

4. Q72

B Ao, 339 71 dolH e AFA A el 719k AT
AIRE Mgttt WA, vlo] 0358 59| Fi& A5t
on fHo] dHH EFE UJoR EOV] XE FE3H4
o Ol 2, vo] 0818 E39) £ oS EE S 753 5,
A 4q7te AFA T deEQd LIMES 200}04 d&=d 9
AFE A5 A

4.1 u0] 2 348 58] 553 4]

Hho] @ 88} 551 9f & Aojsty] s, CAS 53 Ho]

Table 6. Examples of Determined Lifetime of Patents

Eunsoo Sohn -

Janghyeok Yoon -+ Jae-Min Lee

E1 W o] 29} PATSTATS &85t AHH 5553 & U2
2, PAARE EAST. F559 45 PA TSTATOM
A *54# 3 Wbiﬂ 483l ghot FHARE FHotd 4 gl
ATk TebA, T5H 30,0007 9 &3 T, Tl 55 2,673
A9 EFE A 932739670 U3 FAH ARE EAEH D
upR ek oW EV}F H class$] 53] 9,298 A ¥4 £3]
o T8 IMNBEY FHAFEE FE3to] Fojd 5 +1
o Al <Table 6>3 2T}, Start date= £31 9 =327} J—7H
H A A S 9Ju]3tH, End dates H classol 3] &3sh= A o)l
EJ} A% Al A S on| gt = End date 9} Start date @] 2}o]
E£3519] Lifetime 2.2 A 9J3}A M, o] & ] EP1322775 &
519 9 2011-05-115E 2017-11-3074A]¢1 73 0.2 A 2]
& 4ok

mlm

4.2 u}o) 2 313} 5519 AR RS FEF EHAR S

Frgo] S H 929879 55 o] MARFHE F &3l o=

D F3of GEF 18719 EHARE F23A T <Table
> 59 56 AR, S 2o 28317] 3 one-hot
encoding A & HoF T

Member info A %9 74, 3 F o F-& 2w at7] W&o 034
12 Ed9A9 EAHARE 9nsE continentd 7%,
“Europe”, “Asia”, “North America”, “South America”, “Africa”,
Australia and Oceania”, “None” #t< 72 2 917 UH-‘?—OH 03 1
= 2 bit2 WES T B3, A7 o 22 249 A
XS5 ASgho| EAlste 447 detl, 25352 Median
PO BT AHA R GGl &5 & Hio] 2318}
S5l 312t o g 2@ oA, 314 dYAXE B
55 £ JZEE S 550

A

=2

Jl
lr

8

4.3 vjo] ¢ 3} E3)9) & 2] 1=

Ea-]_/[:uﬂ oq]zu :41,] 8=z b]aLo T4 0}7] .,4 H ALE=
o|E

&0l w}a} Ars Qﬂ e HoR, —“m‘f‘%% 9
2 sk Foll HolHY FEe Fodte

(Hills, 1983). Stanine scoret= 3 7}th4 Hlo]H 9] Ex o} 3
glo] A 7hsskH, IulelA e
TR NZ A 53 74297} &8E 1

21T}, Stanine score

Patent number Start date End date Lifetime
EP1322775 2011-05-11 2017-11-30 7
EP1352965 2008-03-05 2021-12-19 14

US2004253678 2004-12-16 2012-08-28 8

US2002039580 2002-04-04 2021-11-02 20

KR101021789 2011-03-17 2019-03-08 8




Evaluating the Business Potential of Bio-based Chemical Technologies Using Explainable Al 231

Table 7. Examples of Input Features and Their Encoded Values

Input feature Original value Encoded value
Member info (EU member) 0 0
Member info (EPO member) 0 0
Member info (OECD member) 1 1
Member info (organization) 0 0
Member info (continent) Asia 0100000
Number of family patents 20 20
Number of claims 0 Replacing missing values with the median
Number of priority nations 1 1
Number of priority patents 1 1
Number of applicants 1 1
Number of applicant nations 1 1
Number of inventors 1 1
Number of inventor nations 1 1
Number of abstract words 514 514
Number of IPCs 8 8
Number of IPC sections B, C 01100000
Number of backward citations 2 2
Median gap of backward citations 2533.5 25335
TIBTEMAE BT oI LR 465 F S BTLE, 795 & 5389)2.2743S SR E 88U 5, & 77
e BT oz Asta glomw, otF Vi HJb  FHdhe RE2 FR A7l B o] S (4 3
(Hindmarsh et al,, 2021), &4 AHA = £X(Wang et al, 2020) 55 ool £F2 E3))9} H o8kl 533 355 ©
5o AT A LY. W)ol 238 282 TR ndo|t BebA, 724 wd
& ATolA, sl FAH 9298709 Hpo] 23818t £ o] & Faf HIZRUZL FAG0 AUHLE & FHG RS &
83} 20 W2 Stanine 4 <Figure 3>3 2T <Figure 315 AET & 9ot
3>0l| A, Stanine A - 3H9] 155 44 4%, 39 4% = A& TAH 5 ES &-835ke], DRF, DNN, XRT, GBM, LM
T o, d9 157 A¢ Slrmel 14d ol Bas EE dhge st ZH ShS fd) FlolE & 8:2:2
oulsty k¢ 155 A+ Sl 2d vl 55 (S, AT HEE)R FESHAeH, 852 5-fold cross val-

o fllo
o gt >
N

o

gtk B dAFdA e S ol 49 353 oluld  idation 71 &
FHol 9 o] A H B EE, H|l2Y A FA o] IEHHE
§1E) 2,1997, E8{FHo] 39 35w olUdl 53  H20E 283
o] 4d U]”iniv A8 B EE, v 2Y2 Aol ¢ 2T,

g5t APHAh 2 2] HA dfo|H
7] $18l Python AutoML eho]H# 2|2l
wdo HFE A%L <Table 8>3
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Table 8. Performances of the Trained Models
Model Threshold F1 score AUC Accuracy Precision Recall
Distributed Random Forest (DRF) 0.490 0.813 0.8863 0.8147 0.8072 0.818
Deep Neural Network (DNN) 0.435 0.810 0.8808 0.8058 0.7806 0.841
Gradient Boosting Machine (GBM) 0.265 0.799 0.879 0.784 0.734 0.877
Extremely Randomized Tree (XRT) 0.383 0.798 0.871 0.779 0.723 0.891
Linear Model (LM) 0.319 0.768 0.844 0.728 0.660 0.918
Table 9. Examples of Prediction Results of the DRF Model valuew= Edo| H|ZY2 FA|Ao] £ 5 & o & 2

Patent number |Real value|Predicted value |Prediction score
US2011097772 1 1 0.999
US2007207108 1 1 0.999
EP1123386 1 1 0.976
HK 1038244 1 1 0.958
AU2001250318 1 1 0.955
JP2013006799 0 0.172
DE102013009145 0 0 0.074
KR20150060221 0 0 0.068
Tdo] Hl2YA ZAAo] B& A0 94 E5E F,
AARZ H2Y2~ ZLXH”‘ o] #& 57t gas Yvste
PrecisionS 53] AHEH 7} e H Q] 29 DRF £ 0]
o}, AR A A & v 2y 2 A A o] %% EdEs &Ml
3 d 4 e 2L Recallo] 7HE = zdolt}, o]
H Ot A sAEE S8t ﬂﬁﬂ‘jﬂg g 4 gl
o & Aol A E, Precision? Recall& Z23H4 5 53, F
HH4E BF G S S 9l Fl score?} 7H 52 DRF B2 &
M FE A5 AR AT DRF RU 2 o 53 4
79| o] Al = <Table 9>} 2t}
<Table 9> A, Real value= AAZ 53]9 9] 4 3
59, &, H2U2 ZAA o] & 535 1|, Predicted

US2007037265 (Real value: 1)

oo
[ I
IPC (Section H) =0
0.26
South America = 0
0.24
IPC (Section F)=0
0.24
Number of applicants > 1
0.20
IPC (SectionD) =0
0.19
Europe/Asia= 0
0.17
North America= 1
0.17
Number of inventor nations <= 1
0.15
Number of IPCs <=3
0.12
Australia and Oceania= 0
0.11

ot} &, 0019 5389 w22 FA o] & ofujsiH, |
ojE 539 n2Yx Aol £5E vt} Prediction

£8 7% 3=, <Table 858 Sa &<l
& 4= = A3 7o) DRFY Threshold 9! 0.490 ©]4+<] 742 H]
2U 2 FAA o] & 5 E, vk ghe w2y ZAA
o] Yo E3| 2 wals Ao,

score= 2d 9

4.4 M7k <1

H%2 02, 8¢9 DRF 290 LIME %ﬂﬂ%%
o} B 9] Autof gt 8 A S Fala}r] 91, =
o A7) 191 A% 12 o289 o A4 02 34,0
Hou AA 19 A 002 o Zste] A4 02 7
€ A e sto] 35} Th(<Figure 4>~<Figure 7>)

WA, <Figure 4>+ HIZY 2 ZAFo] 22 5 & 74 ¥
o3k 492, IPC section H7} 00| WA, 2 ¢lo] 13 JJrOI
North America | §o| 5EH Ejo|H H|ZAY 2 ZAAJAo] &
O3 Aestdnh F9do] B4 E Hl2Y 2 ofs @A 27}
%ol A#Ho e S E AT  don, v=of At
RE jfﬁﬂlfﬂﬂ}‘ﬂ E}FMO] Ao 2 ALY 49

O & <Figure 5> AAZ v Z2Y A FAH o] 2 &
& VIUP H Z2U 2 AR do] @2 52 dghd 7 g0t}
A AU2008360491 53 20129 55 ©] 3, 202113744

lfﬂ

jﬂ

Feature Value
IPC (section H) 0
South America 0
IPC (section F) 0
Number of applicants 7
IPC (section D) 0
Europe/Asia 0
North America 1
Number of inventor nations 1
Number of IPCs 3
Australia and Oceania 0

Figure 4. Explanation of US2007037265 Prediction Result (real value 1, prediction 1)
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Figure 5. Explanation of AU2008360491 Prediction Result (real value 1, prediction 0)
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JP2011518576 (Real value: 0)
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T — T
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0.24
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0.13
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Figure 6. Explanation of JP2011518576 Prediction Result (real value 0, prediction 0)

CA2492079 (Real value: 0)
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Figure 7. Explanation of CA2492079 Prediction Result (real value 0, prediction 1)
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