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Topic identification of disruptive technology for “Dual Carbon”
in complex forestry scenarios
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(1. School of Economics and Management, Beijing Forestry University, Beijing 100083, China;
2. School of Economics and Management, Beijing University of Technology, Beijing 100124, China)

Abstract: [Objective] Disruptive technologies are key variables for the construction of independent carbon
control paradigms in forestry and the competition for green technology dominance under the “Dual Carbon”
strategy. Their identification and cultivation hold significant practical value and far-reaching strategic
significance for promoting the transformation of traditional forestry to independent carbon control. Aiming
at the accurate identification of disruptive technologies in the “Dual Carbon” field, this study constructs a
systematic identification framework, compares and analyzes the applicability of single-source data and multi-

source heterogeneous data in technology topic extraction, and intends to provide a replicable and promotable
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methodological framework for the exploration of key technologies in complex scenarios such as forestry
independent carbon control, as well as support for the establishment of an independent carbon control
technology list. [Method] This study improves the existing measurement indicator system based on the
characteristics of disruptive technologies, adopts the TNG model (which considers both single-source data
and multi-source heterogeneous data) to extract technology topics, and calculates the topic disruptive index.
Combined with the knowledge background of the forestry sector for Dual Carbon goals (hereinafter referred
to as “forestry Dual Carbon”), the identified disruptive technologies are subjected to classified interpretation
and in-depth analysis according to two major technical paths: “source emission reduction” and “end-of-pipe
treatment”. [Result] Through comparative verification with third-party data, the method constructed in this
study exhibits good identification performance, and the identification effect of multi-source heterogeneous
data integration is significantly superior to that of single-source data. In the field of forestry Dual Carbon,
core technology topics are successfully identified, including those under source emission reduction
(integrated energy systems, smart distribution networks, biomass energy emission reduction) and end-of-
pipe treatment (forest soil carbon sequestration technology, thermal reaction carbon dioxide capture, ionic
liquid-carbon adsorption, composite electrocatalyst preparation). These technologies cover the entire chain
of carbon emission reduction, carbon capture, carbon utilization, and carbon sequestration, providing support
for the construction of an independent carbon control technology system in forestry. [Conclusion] The
identification framework proposed in this study demonstrates good applicability and stability in the
exploration of disruptive technologies. It not only provides an accurate technical identification path and a list
of core technologies for the “independent carbon control transformation” in the forestry Dual Carbon field,
but also offers a theoretical foundation and practical basis for the transfer application of this method in other
complex fields.

Key words: topic identification; disruptive technology; multi-source heterogeneous data; TNG model;

disruptive index; “Dual Carbon” ; independent carbon control
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Fig. 1 Identification and implementation steps of disruptive technology
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Tab.2 Technology search form for“double carbon™field

X5y AT fr R
B A TS=( “hydrogen* production* techn*” OR “hydrogen* energy” OR “photovoltaic* techn*” OR
E%H%IJ,;: FEPR “huclear® reactor® techn*” OR “hydropower* techn*” OR “wind* power* techn*” OR “biomass*
> energy” OR “tidal* energy” OR “clean* energy” OR “renewable* energy” )
Ak B R TS=( “energy* storage* techn*” OR “lithium* ion* battery* techn*” OR “solar* cell* techn*” OR

« * - * % *)7 « . . » « .
P capacitor* energy* storage* techn*  OR “electric vehicle technology™ OR “fuel cell vehicle

1r Hedn

(fERERA. HHEAR)

technology” OR “photovoltaic* solar* thermal* building* integration* techn*” OR “smart* grid” OR
“efficient* electrothermal* conversion* techn*” OR “heat* storage* techn*” OR “intelligent*

regulation* techn*” OR “efficient* electric* techn*” OR “power* transmission* techn*”)

TS=( “low* carbon* techn*” OR “environmental* techn*” OR “green* techn*” OR “zero* carbon*
il techn*” OR “carbon* reduction* techn*” OR “carbon* neutral* techn*” OR “carbon* offset* techn*”
OR “carbon* sink” OR “soil* carbon* sequestration*” OR “carbon* removal* techn*” )

TS=( “carbon capture” OR “carbon dioxide*capture” OR “carbon dioxide*trap*” OR “CO, capture”
OR “carbon*separat*” OR “CO, separat*” OR “captur* carbon dioxide” OR “captur* CO,” OR

“separat* carbon dioxide” OR “absorb* carbon dioxide” OR “compress* carbon dioxide” OR

i “carbon*absor*” OR “CO, absor*” OR “carbon*compress*” OR “CO, compress*” OR (( “solvent
U SEE NI Eopes regenerat*” OR “solvent recover*” ) AND “carbon” )) OR TS=( “carbon storage” OR “carbon sequest*”
(CCUS) OR “carbon dioxide*storage” OR “carbon dioxide*sequest*” OR “CO, storage” OR “CO, sequest*”

OR “carbon utiliz*” OR “carbon dioxide* utiliz*” OR “CO, utiliz*” OR “carboniz* utiliz*” OR
“carbon dioxide*inject*” OR “carbon dioxide*inject*” OR (( “leakage” OR “monitor*” ) AND
( “carbon dioxide” ) AND ( “storage” OR “sequest*” )) OR “sequest* carbon dioxide” OR “inject*
carbon dioxide” OR “utiliz* carbon dioxide” )
%3 TNG #HEIAFK & ERAEHEEH
Tab.3 Multi-source heterogeneous data themes identified by the TNG model
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Topic 1 B BN Y GRS N Topic 10 TR R B
Topic 2 HEM R ) % Topic 11 LB RS
Topic 3 AW Rk Topic 12 HRelE—IR AN R %
Topic 4 X BH i FEL B Topic 13 Py Nawez ARl
Topic 5 Z FUIA BRI b Topic 14 I 25 i U R L
Topic 6 B REAC H A Topic 15 B AT
Topic 7 ] A RE VR R Gk Topic 16 RIRAMEFEAR
Topic 8 P PR LIRS N Topic 17 N S A A 3R
Topic 9 el FAAZ Topic 18 BRI IR A %
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Tab. 4 Growth rate indicator scores

i 4K Z (Growthy ) B HAK- 2 (Growthy )
Topic 1 33722.87 Topic 10 49 878.89
Topic 2 90 400.97 Topic 11 118 828.20
Topic 3 61295.21 Topic 12 29 598.93
Topic 4 51521.86 Topic 13 59 402.41
Topic 5 37071.35 Topic 14 41 568.78
Topic 6 101 853.60 Topic 15 32 500.96
Topic 7 36 269.26 Topic 16 33679.42
Topic 8 60 621.19 Topic 17 57 488.73
Topic 9 43 212.02 Topic 18 45 567.74

x5 tIFEEGSES

Tab. 5 Innovative indicator scores

Fi B4 (Novelty, ) EC B (Novelty, )
Topic 1 25016.95 Topic 10 37 424.58
Topic 2 72 328.85 Topic 11 69 595.85
Topic 3 45 175.68 Topic 12 19 455.83
Topic 4 8768.90 Topic 13 49 264.04
Topic 5 28311.29 Topic 14 31132.80
Topic 6 67 438.16 Topic 15 23351.13
Topic 7 27 186.40 Topic 16 26 039.30
Topic 8 22 651.45 Topic 17 41 079.99
Topic 9 12 241.17 Topic 18 20 186.04

~ 1=2022 .
U J7 46 b Impact, = )~ e ximpacty,,, i1, I

¥ BLEE (x, O BUE B 2005 45 1) 0.1 28 7 18 &
2022 41 1.8,

SO SR bR 1S 0 (3R 6) Bon: LR A REIR R GIX —
F R W S FR R AT 2 e, T K BH R FL AR X —
F B R F AR AR o i K. B R AL, K PH AR
WAOX — F 8 IR 5 )7z R, EIX— B [ B
K FIRA KBRS [FIFEHD, 8 6e A 0
B BT IR B B AN B s B — A B Al 38 32 A
BIHEILERTH1 o

&6 HMOEHRES

Tab. 6 Impact indicator scores

AR B, SRMTAZ AR AFAE R IR G 1 o 9 G2 Ak Bt i) 2,
g R SO R R R Rt 3 B S EEE N
B Ao HIMT IR R SCHER AN 3 4, S ECH T
A TEEE . R, A SCE S 2 AR B Google
Trends #(#, LAAN AL G 51 S AT AN 2, BE 4TI X
BRI AL 22 7). 25 b, ARSCRABE S5k
BACTH BB AR 4 & 1 7 V53R AR R /1 FE FR Impact, «
PR ke AW E) ¢ BB 51RO N F,» A8 4R
K, A HERL SR EE , B 4 51 R s
CF, #RAMERFIR 3 4. BhAh, K AEALEA R A [
G S J3 A AN R, 5 T AF 4y I T 2 2 A8t )
51 B A S RS2 A BT, SR SO R 3 4R
HA IR T AN [R] R BCER, SR B e 51 A5k B4 1 )
Moo BT 3 AR HHE 2l 3R BLeS | O Flle! AL E 1S
B Fry, B — BRI R E D, WA — T

U5 /48 bR N impact,, = 0.8Fy, +0.2Dy,, HH1 0.8
H10.2 FE 4 2 IS5 ) W 2 O RCER o e 5 & BE AT LA
A RE G R T 51 PO KA e JE A, SCRT AT
B A AL S AR B 1) T o RS 2 R 5

Fd #2077 (Impacty, ) Et R 77 (Impact, )
Topic 1 10 584.45 Topic 10 18 771.72
Topic 2 35048.44 Topic 11 47 592.81
Topic 3 17 005.27 Topic 12 6930.27
Topic 4 2992.57 Topic 13 20 945.57
Topic 5 13 177.74 Topic 14 13 207.32
Topic 6 33 826.50 Topic 15 9153.26
Topic 7 10 573.94 Topic 16 12 157.94
Topic 8 5241.09 Topic 17 13 944.50
Topic 9 3599.58 Topic 18 5163.26
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Tab. 7 Disruptive index score for multi-source heterogeneous data fusion

4 F A - ] KRB R ERE S SN J145 5y MRy
1 Topic 11 LERIERS 0.394 0.228 0.368 0.990
2 Topic 6 AN ERa S 0.319 0.220 0.254 0.793
3 Topic 2 S EMR LTI & 0.268 0.238 0.264 0.771
4 Topic 13 PRk LR E B 0.132 0.152 0.148 0.431
5 Topic 3 YR R AR 0.140 0.137 0.116 0.392
6 Topic 17 e B BB IR 0.123 0.121 0.090 0.335
7 Topic 10 BB AR 0.089 0.108 0.130 0.327
8 Topic 14 [ 75 it L L 0.053 0.084 0.084 0.221
9 Topic 8 GERTIPRR R kMRS N 0.137 0.052 0.019 0.208

10 Topic 5 2 FUA R T B 0.033 0.073 0.084 0.190
11 Topic 7 Al FA BRIR R Gk 0.029 0.069 0.063 0.161
12 Topic 16 RIRAHEFEAR 0.018 0.065 0.076 0.158
13 Topic 1 ER/ILEN /GRS 0.018 0.061 0.063 0.142
14 Topic 18 N IR A% 0.070 0.043 0.018 0.131
15 Topic 15 EERiIRi g 0.013 0.055 0.051 0.118
16 Topic 4 K BH £ HIBAR 0.097 0.000 0.000 0.097
17 Topic 9 TR A 4 0.060 0.013 0.005 0.078
18 Topic 12 BRI -IREZ 1 R % 0.000 0.040 0.032 0.073
T IR U H MRV ROR . R I
% 8 TNG #HEIAFKZ AL TEEEH
Tab. 8 Academic paper data themes identified by the TNG model

ESUETRS B R F EX RS

Topic 1 ENA EENEE SN Topic 11 [ 25 it L g B

Topic 2 AR AT % Topic 12 L AR A 3R

Topic 3 R PH g A Topic 13 ] AR BRI B SRk

Topic 4 EEWiIR s g e Topic 14 L BE AR R 4

Topic 5 e P AR Topic 15 I~ B

Topic 6 U OR K BA Ak VB R AR Topic 16 AR 398 [

Topic 7 i R P 1) Topic 17 AR

Topic 8 WaelR—R G RS Topic 18 ey

Topic 9 GZERERR Topic 19 CEUPRE I WALE LERIEE SN

Topic 10 EZzp 2T

W RBLHRE T, HFl R 17 ANEBE 10D,

X L R HAR 3 AN RAR AT R A 2 0 0, 145 5
BRI bR A HTHEAR AR BEE 77 bR I BCE 5
A& 0.31. 0.33 1 0.36, FRIHIIBGTH IR LA/ (GR 11D,
FA IR TNG #5875 356 - I B R0 H X
B U PEE AR

3 ZRE50T
3.1 RiEEMEELITME

AT SC B2 5 S M B0 8 SRR B s K
FAREE 3 AR ERARHT U R . NG 4

R FAEIF OB R s VR iR A 25, At —
A2 o b T 25 5T S ) A A B AR W ) VR ) SR
T, FOR R ZEWT TR RCRIAE T AR B =, &
TR =TT BERMEIE S T PP, DR
S e B R P 5 AR R RO, AR AT g A A A
FHIRERIANE TR AT Ml 75 55 55 =05 BORME NI E
WA, 3 T ey S VR VG R e o R S AR 1 TR R e
AT RV

VR VE F5 FE B True positive(TP). True negative
(TN). False positive(FP). False negative(FN)4 4
Al Ho, TP FRIRASCITIE RN HAZ B & VA
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Tab. 9 Disruptive index score based on academic paper data
4 F AU A A WK FEH BUB AR5y SN 1435y B
1 Topic 2 EEMR AT & 0.289 0.325 0.385 1.000
2 Topic 19 BRI R EAR 0.236 0.214 0.189 0.639
3 Topic 13 T A RRIR RGUBREHE 0.237 0.226 0.168 0.631
4 Topic 9 LGARERS 0.171 0.165 0.291 0.626
5 Topic 6 TR GARACPH AR BB AR 0.161 0.171 0.274 0.606
6 Topic 15 B TR AT bt 0.186 0.174 0.182 0.541
7 Topic 1 R N D E 5 N 0.136 0.131 0.129 0.396
8 Topic 11 [ 25 it S FI 0.104 0.100 0.088 0.291
9 Topic 14 VAR IVE G AN 0.108 0.097 0.070 0.275
10 Topic 4 HHURE A 0.065 0.084 0.082 0.230
11 Topic 18 ey S 0.067 0.064 0.079 0.210
12 Topic 8 BReE-IR G R G 0.078 0.063 0.065 0.206
13 Topic 5 e FEL AR £ 0.058 0.054 0.066 0.178
14 Topic 7 iEysa il 0.046 0.046 0.064 0.156
15 Topic 3 K BHRESE R 0.056 0.046 0.054 0.156
16 Topic 10 Z FUMRH T P 0.061 0.053 0.035 0.149
17 Topic 12 R R A B AR 0.050 0.036 0.038 0.124
18 Topic 17 HEEA 0.037 0.032 0.030 0.099
19 Topic 16 PR A 352 [ Bk 0.000 0.000 0.000 0.000
F 10 TNG #EHAFHEFHIEES
Tab. 10 Patent data subjects identified by the TNG model
F i ESUEA ESUETRS ENCEZ
Topic 1 A5 RS T Topic 10 LZEBRIER S
Topic 2 K PHBE AL He Topic 11 A NS A
Topic 3 AfEERE I Topic 12 TR PHAE HL AR
Topic 4 R BERE P R4 Topic 13 RIRS AR R AR
Topic 5 BT bt Topic 14 BEALR R
Topic 6 BRI L R Topic 15 IRAER I it S B R
Topic 7 K BH A B Topic 16 T GAROK PR AR BB R
Topic 8 HENIRZE AP e R AR Topic 17 BT bR A
Topic 9 BRI RA BN RS
HHA, HEIUEH VAR AR TN RRAT 311 $RFHHE

TiE R B R A R BB MR, HA IR &
G ARAS B MR  FP RIR ARSI VLR ) H %
FARA R EE MR, B I6IE % BAR N8 M5
A5 FN RN A R A Z R AR R BUE A,
{IEEZSE oaTI SRE7% 50 NZ Nl 1B 5 0 NI 25 B o= o) e e
TP. TN, FP. FN iX 4 &7y & & BRI 4 1
A PR AR IR A 45 R R (.
_ Ntp + NN
Ntp + NN + Nep + NEN

K Npps Npns Neps New 2 IR R IR IE 55 FE TP,
TN. FP, FN iX 4 #55 FrG & AR 4.

R 22 50 S5 P B (1% B 7 P e A R 4 TR 42 )
TRVEFERE (B 3D 78 “XUR” U1 18 AN i 7 1 &=
R DA, BRI “B7 MEAR S TP I TN 2 fil,
FF 13 AN, BB PR R AR 25 SR HER N 72.2% .
FEFET TNG 81 2 5 e M B R 45 S, 3R
Il 7 AR MR, Hot 3 0N TP, 4 TN FP.
o8 =0 SCHR [21-44] Vel o B AW X"
AU 1) B MR AR  RE I L R AR B R
AR IR AR L B TR B A
3.1.2 HIRHIE

BT 2R SC RO 1 B T B AR 2
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Tab. 11  Disruptive index score based on patent data
4 F A - ] KRB R ERE S SN J145 5y MRy
1 Topic 5 BB AR 0.264 0.325 0.365 0.953
2 Topic 13 RASEREAREEAR 0.110 0.234 0.273 0.617
3 Topic 6 E LN 7 N 0.140 0.213 0.192 0.545
4 Topic 17 BT EHEmRA 0.170 0.167 0.195 0.533
5 Topic 2 K PH B AT #e 0.211 0.112 0.209 0.532
6 Topic 14 ABRHER RS 0.128 0.153 0.240 0.521
7 Topic 9 FRE-REHNRG 0.173 0.150 0.112 0.435
8 Topic 12 K BH & B AR 0.310 0.000 0.065 0.375
9 Topic 3 [i] 75 it S Lt 0.123 0.075 0.130 0.329
10 Topic 10 LRERIE RS 0.098 0.097 0.124 0.318
11 Topic 1 AW R T 0.165 0.053 0.079 0.297
12 Topic 4 PR R 0.089 0.064 0.085 0.239
13 Topic 15 RARFEME A 0.028 0.086 0.063 0.176
14 Topic 11 B E A 0.034 0.075 0.058 0.167
15 Topic 16 WK K BH g B AR 0.115 0.014 0.000 0.129
16 Topic 7 K BH f& Ht 0.000 0.052 0.041 0.093
17 Topic 8 AR E NPT RER AR 0.005 0.060 0.004 0.068

(B 2R 68.4%, 48 SCHR [21-44] Ve UE B BN
XU A3 1D U B R S B R R I 4 R
T AT BB A o 5T L B Y A 1 A
AR 45 R HER 2 N 70.6%(E] 4). 2 S0k
[21-44] P UEBE AN A UK 4538 11 0 78 1 A 2
BT BT RO R R C HL R L Fvae i B
R,

3.1.3 AT % RF Ao R B IR 0GR 45 R AT
W I T 22 Y5 S W B R 1 B T R
573 T 5 R SCE R A R B B AT EL AL
T TNG AL A “BHE” (PO U7 T+
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Fi Sy
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[P s S RE AL b
FLZR A3 B LR A
Z AL Ff
ZEBERARLE AT AR BRI AR ER AR
AR AR RIRA A
PRk - JE [ F i HL R AR R
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3 T TNG BRI 22 555 R Hd Ui 45 RR VA
Fig. 3 Confusion matrix for recognizing results from multi-source heterogeneous data based on the TNG model
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Fig. 4 Confusion matrix for recognizing results from single-source data based on the TNG model
* 12 ZRERMEESSFEEERABEERARNERT
Tab. 12 Comparison of recognition effect of multi-source heterogeneous data and single-source data
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