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Research on structure and evolution of green

building patent cooperation network in China

CAI Binging, GUO Yi
(School of Management, Fujian University of Technology, Fuzhou 350118, China)

Abstract ; Scientific and technological innovation is an important force driving the development of green build-
ings, and patents are an important symbol of innovation achievements. Taking China’s green building invention
patent applications from 1985 to 2021 as the research object, statistical analysis and social network analysis
methods were used to explore the status quo of China’s green building patents and the overall structure and evo-
lution characteristics of the applicant’s cooperation network. Results show that; the number of green building
invention patent applications continues to grow, and the technical layout is more extensive, but the geograph-
ical distribution is uneven; the overall patent cooperation network has the characteristics of “small world” and
“scale-freeness” , and the network density and cooperation frequency are low, but the network center forms
two cohesive subgroups; the evolution of the green building patent cooperation network has the characteristics of
gradually enriching the types of innovation subjects, more diversified cooperation modes, and gradually expan-
ding the scale of cohesive subgroups. The government should strengthen continuous attention to green buildings,
and at the same time, the innovation subjects should also strengthen cooperation, effectively integrate resources,
and continuously promote the development and cooperation of green building patents.

Keywords: green building patent; patent cooperation; network structure; network evolution; social

network analysis
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Tab.2 Index values of each stage of China’s green

building patent cooperation network

eIty 1985—2005  2006—2012 2013—2021

LB 80 329 1283
AR R 0.394 0.649 0.856

W 203 570 1498

i 261 487 1370
¥ 2.571 1.709 1.829
SR B 2.631 2.193 2.954
iR 28 %% J3f 0.013 0.003 0.001
TFHIREREL 0.99 0.887 0.796
IR 1.004 1.356 2.489
/Nt SR AL 0.986 0.654 0.320

e [ 2 (5 S SR M A i B L S VR R4 82 73
AN 6 Jrzs . Bl W28 BUBEY™ I, Ja A B
T NB T B GEIUAT E R 2% o B A H A
TR, S O B 2 B — R TR



55 2 3]

B 5 - TR 2R (O AR UL P 19 4 2 #y B AL 5 139

W 25 A TR I S, 85— A U0 T B ) 4% A
WS RTE
1000

900

800

700

600

500

400

300

200

100

0*‘\fk N
1 2 3 4 5 6 7 8 9 10 11 14 16 17 46
o

2006—2012

Sk A

e 1985—2005 2013—2021

6 HESBEAFLEMEEMNEGIENEESH
Fig.6 Distribution of patent cooperation network at

different stages of China’s green building industry

Vb e S e S e R (R REOIF TR EN
fTE AL E AR FIH Gephi SR TH534% B BOYY ALY
SO R T ORI AT O R
AW B ARG R B AR A0 R
BrHARAR 39 5 O P R A e O 285 v 4
A SRR, R PO M S T S A B R
KRB SO A D PR R T R A
O B R ARS8 YOI 5 DRI v P R e T v
SEVE YA, R T g A P R
RSN O N I AP G U N 3
B B RO MERA TR ST LR 3,

®3 BEMREMSEMNET RO ERHR ST
Tab.3 Descriptive statistics of node centrality in each

stage of patent cooperation network

ME 4 A
ok Eowf o W

R G S s S AW

W KAE 9 1 1
WHZEM ME 1 0 0.75
(1985—2005) HH 2.571 0.005 0.998
i %% 6.315 0.005 0.001

SN 11 71.17 1
B mMA 1 0 0.40
(2006—2012) ¥{H 1.709 0.41 0.95
kS 1.170 13.756 0.014

SN 46 1 281.50 1
BN EN mMAE 1 0 0.21
(2013—2021)  1H 1.829 5.68 0.86
Ty 2% 3.504 3 207.551 0.048

(Z) RS IEME 1

BB R | S (R N - T o T v A [
B, X BRI SR RIE LR 80 1, H
W73 (R 2~ 3 S HIE AN B TETE ., & B BE&
HIE LI NGAE R A7 = DR ECR A A
B VEIBN AT BT 50 5B oot B s (R [
BA PN ELHZIC 3R ANAEAERT 1 05, MR i 3 1 0
SR AAE Wi AR ) 7 R A BR 2 BRI AR
Koo, i U R RN AT BE | s S TSR
FE BRI R S 8 AR A R A W4

(Z)E—HKBPESIEMED

WKL R A ER LA 7 fis . MR
T 2, 24 B D3 R MR B, A VR AR /N e 1
BT3B 3 A VR OB K F)
1.283, 177 X 4% %% J3 R 7 35 A8 /N T ja &
0.003 71 2.193, %) £ B hn i it HAS 1% 38 19 15 25 5L
HIGZ, ML NFFFEZE ORI B T
EERFRE, LA SO K2 | BT g T o
BeAT BRAE S R B VEF N, SR
Tt P (71.17) , HROR B K (44) | L1
T TR BB A FRA F (16) , 3% =43 H1 i
NAESE— B % R A D00 6% e 28] o 2 A A 32
YE 25 AR R A

2u o R
e

E7 2006—2012 FRESEEFENSEME
Fig.7 China’s green building patent cooperation network
from 2006 to 2012

(M) FZRKRAEIEMEZ SR

5 IR A EMZmE 8 Fiw, 8L
— I, T A O T R R AR,
WRE RS T M, T AGE R R A, RS A
SR, SRR 1.615, SVEMRIKIREAR, F1Y
PEARA AR K, Y B T BT 2 A
REBUS S 1E 15 BAG 1 3 B 12 . % M Bo O 1



140 R B TR 4

H22 8%

PR 22 ISR, ORET SRR B R A L
P B e, X — I, B AR A A BRI AR
P, HA ORI BEIRAL S A2 R g, Bt
MR B AERR 7 M 22 SO S RER
AH WIBNRER T 5Ny, rp B AR TR
A PR ) AR R R RS AR 1 R v
A PEBHALI Y

SN

L ERRRERAR e
S T e e LV ¥

ot w0

B8 20132021 FRERBRAEFSIENE
Fig.8 China’s green building patent cooperation network
from 2013 to 2021

I REW

A TAL 2 M LBk, sk G R
FIBAR R AR B0 0 5, RE AR 25 H Rl A /DN
LR R S/ ALTE N S AN RIS G B ]
Xt AR L A5 A I 28 SR R I AN AL HE A T
I, A3 PUT 858 IF 5 i

(—) &t

B  NE R R RN R , R E S O IR
e WYL M I R TR AR S L ) M SR A A A B
REESFE TLINETE L F I i KL R HAR A )R
J7RE L ARAL T . AT R LRI L
R, R 3L AN R sd o A B2 BE R
PRGNSR, . LRSS T, H AT
I ok R L AR G vh B v, 24 vh TR
Ea W e | E e L R e O R NS TS
TEREIREL AL RSP R (0 A28 25 Y A fR
T BIM S50, I HURE 1 — % UR , X — 27T
BRI (SR O FPFIARIE)

5 NER RIS AR 2B AR, TR 4k (5
R AR LM TR ikEas BaE
52 P SRS, S AR U B T3 1],
FI R AL A5 0 4 28 B2 ARG, Rl 7035

ERE R LSS SN &, BVEIR A, B K
A IR 28 5A /N 5L 28 R TC AR BE I 28 1R Rk
A FR B A — B AL EEN, RA s
B ERREIE TR BB NEERTRE, DSt
R AR 0 TR R A FR A J A% G L DA
] 52 HL X B W) SR A0 B R - vy, 3 0
Al 23 R 2= SRR, 5 i BHIF e Tt
TPBEIRAcH AT AN AT BRI

5= NE RIS EMEALRIE R , 2t 8 K
A 2, 3R [ 0 i 3% RS R R 28 FLREAS
W K, 25 BE S M R H— B4 TR 328
IR — o PR B8 R 1, NS B AR 1 4l
[ G AR L) S = i SRR A, B T AR Ge i 3
Al , DA 5 Ha A BR 23 W) Sk 1 i RE DA Al 2
AR TREOEFAEMS T, £ 5 TREENE
IR 8, TRt L R B AR R

(Z) &8

K E TN IRAE T K& R B, & A5 AF
W28 Lk TR B, e etk — DAk 2T RSy
Brngsie, $2is DUR g gF 3% = g 5 & 1) &5 1R
MY EEL

S NIBURT A B IBURF I i ARp 282 G R S e
PUREROL, I b R EME S E R, Bk,
MBI R e 4 T 65 LA Bk R v B0 b %o 4 €2 g SR
RABUR AR BRI B 4
ST A EAR O F B AT & sk g i
LRI IE R AT T 05, R Al 48 & B B
LRI A B A TR L RE AR B M, AR,
S SRR 2 G AE I . BEDE
BAEMLE b X A R BE T 2 5 B 3R L
B BE BT 2 AL 1) (] 81, 17 4 5 it v A% 5 BT B
T AT 3 0 e ) A 2 7 2 i 2 U0 38 A AR
6, 5B G AENUR . PR, B A B IE A
/D B IX T A L XS AR A% 0
B EACRIOCHEY 81 2 3l Y g L R R
T, 25 HLBORT IO PR o, A 00 e 4 2 X e
ES LN S S B N - 1 [ A I A SR
T REHEBRERAE ST, R T S G )
A BEB AR 5T 55

5 BT AR R R A AR
KR PTHEVEIR | HORE R WRA M4 G E R
FRAGL LRI ST AR, BN 244 2 R N
Ve, TEAEXRERE Al LIGIER 2 R iy



55 2 3]

B 5 - TR 2R (O AR UL P 19 4 2 #y B AL 5 141

Aot R, A S R AT R ) v [ SR 1 T
PSR A R w) BN R A R R R AR R s
S IFTEBEAT PR I 2%, RS0 19 a5 B4 ]
I, BB TRAT AV BE 22 | SR SUAT ML BHT AR

FAbATAV AN BE WA Tl A7 BAT ML A BB AR 5
HRA, ARG B, et (S L R R %8
1, PRI ST M H A IR B e B PR P T 2
RSN

S 30k

(1] V. mzdh ERE L 3 SRR Dy amgdiickt 2 £ OB E 500 A 25 S ——AE b E 3L 5858 —
WEERFRRES MR (2022 4 10 A 16 H)[M]. dbnt. AR ML, 2022.47.

(2] SR, Bl Ay, RIS, WU HBRT 5T [ o SR o o e R R SR IE [ J] . IHZRTT,2022,43(3) : 14-20.

(3] AR FIdk & B o T En &+ U 10 50019 RE -5 Sk (0t 0 R MR 93 01 [ EB/OL ] (2022-03-01) [ 202311~
08]. https: // www.mohurd.gov.cn/gongkai/ zhengce/ zhengcefilelib/202203,/20220311_765109. html.

(4] KB, R, AT, HeTVUR - M 37 RS O S (T SR A SR 5 BRI ARHIE T [ 1] AR 4, 2022(S1) < 11
-17.

[5] REWET Y. S OERSHEARTERA 2 FCE e HATFE ()], SURIRTIT#FSE ,2020,35(8) : 104-107.

(6] WES /N, R, %, T RREFEE A AR R M X SR 5E [ 1], #3Ak2%,2017,33(6) :15-20.

(7] by, ik X, 55 Akt (0 ST BOR S LRI/ I HLBE SRS [ 1], BB R 5 TR 4R ,2020,17(6)
1603-1610.

[8] fad5E , KIS, FRIEE BB Ak LRI G VE MR 2540 Jsfb oz [ 1], AR 9T 5 & ¢ ,2022,44(5) 1678
-690.

(9] FEITME, W M. A do—it5 FALAA B I = X IER G EOR BB M 28 S5 RRERTTE [ ] ASCHBER,2023,38(5) :79-87.

[10] FESF3C, B8, TAEE, 45, K= MR RERH Q1R & 15 025 8] SCHR N 48 R AE S 2 R R o [0 ). it SR,
2023,39(9) :91-96.

[11] BIRA AWM, AR, Sl e SO BF™ 5 2 5r K B T BT A R £ R A W SEIE A [ )], 4 abar
%%,2017(1) :99-113.

[12] 2. 22T L AR BN B L ar I 5 (1] B, 2012,32(2) :98-101.

(13 ] SEREGR. vl e ) 8 23 )G A S M PR 08T [T ] AU RIS 2a i (Fh B ,2005(2) (138145,

[14] feifei% ki, FA 45 FRIEAESBE LA A R SERBIHEADITE )], B BIIFSE,2021,39(5) : 79
-86.

[15] dbrrde [ 4B e R (E Z RSN & BRI 405 ) [ EB/OL]. (2016-05-19)[2023-11-22]. htips: // www. gov.
cn/zhengce/2016-05/19/ content_5074812.htm.

(16] HItp AT 55 BEIp AT EN R (R THESN I £ Bk (o R R R UL ) [ EB/OL]. (2021-10-21) [2023-11~

287. https: // www.gov.cn/zhengee/2021-10/21/ content_5644083. htm.

Weak WY, XRF. N R G AE AL i BUR /R [T]. BHECEHIRTST ,2022,42(17) :166-172.

B ARpE. A R T AL AR T i THAPFE ] BURE BRI EOR ,2012(5) . 7-15.

T4 /NI RSN, S — TR S SO R R () [T, W BEAAiE i ,2007,27(3) :239-343.

ALBERT R,BARABASI A L. Statistical mechanics of complex networks[ J]. Reviews of Modern Physics,2002,74(1) :47

-97.

[21] VALVERDE S,CANCHO R F,SOLE R V. Scale-free networks from optimal design[ J]. Europhysics Letters ( EPL) ,2002,

60(4) :512-517.

T AR, ANt TR 24 B A A S O AT [J] . 4 B AR, 2015,18(6) 1 15-29.

(23] Jalik AR SCHs TR 4. AR BT TEREIE ], P, 2005,34( 1) :31-36.

[24] SRR, 2250, b ox RSk RIS IRF TP i [ T ] IR 38 5551k, 2008,31(2) :179-183,174.

[25] XNBME 2 PHPE, 2000 55, BRI T P M HOR QB & E 8 AL 08T« AR AE R [ 0] BBl T4 2022,
66(9) :117-127.

& 4

™

[17
[18
[19
[20

[22

(EfEHE: TEE)



