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Abstract

High-quality development of manufacturing enterprises under the goal of “dual-carbon” has be-
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come the key to industrial transformation and upgrading as well as cultivating and expanding new
quality productive forces, and the construction of green innovation and development strategy is
very important for completely solving the problems of energy costs and pollution discharge. First,
based on the ecological niche theory, this paper constructs an evaluation index system for green
R&D, clean production and green marketing, which includes individual, organizational, institu-
tional, environmental and economic levels. Secondly, AHP, entropy weight and coefficient of varia-
tion method are combined to calculate the comprehensive weight of indicators, and the cloud
model is utilized to calculate the comprehensive evaluation model. Finally, by analyzing the re-
sults of the green innovation ability, the key factors affecting the green innovation of enterprises
are explored, and accordingly, the high-quality development path of manufacturing enterprises
under the goal of “double carbon” is put forward, which provides a reference for the research on
the path of green transformation and upgrading of enterprises. At the same time, it provides the
basis and decision-making reference for enterprises to position themselves in the market and
formulate innovative development strategies.
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1. 51§

BEAE AR IIR N R R, ARG E 2 8 PR A& . SR8, PHIRZI R, AR5
NHNA GRS R R E RN R . X — 5 N, SEBUFAA IR ZR DUBNTAE 7= 7 B 1
AR R, A HE AN E REF I E B SO, HEBRIUNCE. Har, <0~ 5% H iz
COANTKE “FPF” BRI, Ak, 2022 4F 10 H5EH =+ KRG 48 HEZ ) R R gt ikBrfili&E L,
PR T R afs Al Rk, REDHTRIREEN S BB RE 71, 1T DONSEtl B 4 309 il
e R, 3 e ko B3 Ak 77 DR Se Bl s i R R LA R A I B A E A B R S

AR SRR R T A AR TR ) S A DL O SRR B G RLRE 7T, AT T AMEREEA S R G
R FE H VAL B . HBVESMIEE B 5 AR A A R e dlny, Ak HRE R
HEMTES ). TR, AEBAIERYHEOREZ 3 HMW,  HIE S 2R AR ANHT 4 T AR K
R, ARSCEE A G SRR R RBUIR, BUNAESMALA T A Gt A&7 M <R
HE, MEEVERSHN a8, M EFae 10y, ERE, KR HR ER RS G
R SRR UL R AR B AT 3 25 Se 0 I I, AR, (ERRANSEER G SR 518 % 2%
MZTH, N3G 5REk i e )R SE RSk TR B 1 5

2. MEkEER
2.1. FEtlHFHh

ZHOQUET IR RIT A HlE . HLVEHCE MRS, JFAREOR. WEoR, CAE R 51K
ANBEIRTHAE, AW RIS, AL R IE SN B AR, SRS aNHTHILE, Zrt81HE nsE
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fri, [RINGE TR SO AR /R IFMEE, DA EH BN SRS HE AN 2 W BOR 1) & B

—EE 2 O ERHTR RN WA T TR AR, M E SR B AIE AR 8GR0 Chen %5 A (2020)i% B %
A~ FEHRRR, BT =P BCEER SBM ERiE, AR AN 4 il iE A B TN R, 0 AR LT R
BEATIEE[1]. Yuan £5(2018)#) % T3 ¢ Creponduguet-Mairese (CDM)ARY, =482 1 BRIEHN I b A1 37
Mgt R R [2]. QEFHN T, PRSI R & D iGshfHRIE, A ZIH LM% 0 7
&, BURFE 2 R0 I BOMG LA B PR 5 R 55 77 AR A 2R 58 Bk E 03T . R PR 8 7= i T 3 4 A
AR R EbR, T B R B GBI R KT A T K

WEFEHGEED . WA= HEE, @57 EE 5B T FEE SR ESE, F)
FA 43R 32 500 AR VT A 25 1 DX P 8530 [ 3]« 857 B R0 — I 8 7= i B i) T 3 o5 A S F ok I ik,
WG Z BRI KBS RYRIA S, GEEHAE AP S5 bnill . EES AT A B A /2 W
IR T SREALET ORISR 23

W FHE)iHE 74 Data Envelopment Analysis (DEA). BRI ZE &R B980T R 2087 BL
BN [4]. INOIFTE BN ARG . SR ARG 3 N TR PAA R, Zhang 5 ANK
FARSBLENT X S (0 B3 BT EAT PPN [5]. Qiu ZE N5 NAL 7 RECH 2 OB E VP AL, IR K
2 2RV 715 4 A B REEME R4 78 T E X ¢ oK Pk 47 1 I FE6].

2.2. R

AL AR B Grinnell $2H, BREON BB RSMEIAEL(EAF . BHRERISE) R & R GE[7]. LS
SHEANEDBEFESHREHEER, SHREERMUESES . itk R, SAMMEES
RERA IR RGR BRIRE L RN AR LS RE ) LU CCRCRE . UGS R A S
MRS AT A, AR SS9 A A I (R A WA Sl &S AR I R, N ER KT A2 A 5
A7 A5 1) A BT A T R 8

AL IR T R WS TE 5+ 1 LLLGH T3 o TIE RIS AN N EAR 0 KR 58570,
RFAQNERE S BORBIBREST . EM A R /ISR A IV S A EERRE R [8]. A A H R T RSN
B RME T HLUESOIM TR R, SR AT DU b ()58 S8 FJ A7 RE ST o ATHBUKEE AN
AL Fnh s LB R0 HT A 53 1E ) 52 [9] . Meng 5 AR Logistic 4™ e AL 7Y xof 2H 2 ik 2 )
BRI AE AL RAT o0, FEBEH Al BT A AR [10] 0 A A BRI AR o e b L2 T =k Bl A 3
I FERT L FREEE G R - Greve YONINR BB AR IR AL AU E S LR A XA, XRS5
SEBAFT ALK [11]. Wu R SEM BN (G H T RERAN M T S-R-F (R3S - K& - BB RAES
R FEHESS, AR AL T8 BERRY | AR 3507 B B TR AN A 2 0 B AR 1155 1 BTt as 2005~2019 4
BYERAL, JRIB A A g A gh T ol SRR [12] . Cao S5 8 RSB, 2R 1 2007~2019 4F “—iff — % ”
W 1L AN ERINETE - 4 - BRAESKAL LR AN, DR IX I8 7 A 2 R AL [13] -

2.3. XBkIFR

ERERNE, RTAESCHEIRTTH, K0 EE PR AU S AR I VE 34, RIS Ao = T
2 RIRTU A S A MIZN AR, AE M OOLZ 1R 2R 35 7 AR X B9 sh it A7 € B A 1A
KT REIED  rEQIFTI T, 24 15 AR A A DOl b R T 2x o QTR AR Tk,
ST A ER o L 2R BT RE ST BT LD . RN, SR TR ISR QR MRS, A ERL
P BCAN B BT 2 PP A5 S5 A BE AL AR 1 45 1

H T SRR S E M S 5 8 BAROR Z [A f R EL ,  OSEE MRS B 5 B B AN E 1k,
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I, PR PRI BENLIE DL BRI R R S5 b, EARSC B BT BEAE b, Myt T AR s 1
WA ZE G 2 BFT R TN SRR A R, SRR HT(AHP). AR5 R B R L S B,
FIFH AR b 2 O QB BE AT TN o ITTRT LAAS B SEER . 2 X000t 00 58 445 SRR 5 B 5 o Aol ) ¢
(RN VA P A TIE AR i f e R I 2

3. HEIERER

TEbr ik AR R GE . B2 E . ATERAEATAT AR . ASCHME UL R DR TR A R . B
o, AR SR QUE AN A S AL R 2 SCRUCRRBURI I 8 iF e g8 bR, HX, SR 50 148 1 75 VA M o
PO G SR BU N AR bR FROCG SE ISR A IR R — HE R A AR SR BOR 1 dE AR A, A
A1 BT B HE AT A AR G R b, BEMIMIER . FRIEAS I 17 D ZdRbs, 1) ESMESRERE
TR AR O RIHTRE I HPRES, WA RER BT N RN BE GBS TIRA RGO, BAKEE A
HLACL KA =5 M B dEbr . 2) A HBRRMERIR AR O QIR ARG, e
TR SRR SCRC 7T . ERAREMBIAAET AR . LUT IR RS SCNMNE, ASCHE R4
TR IR R I 1.

Table 1. Construction of evaluation index system
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4.1.1. B—IREUE
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1) M T LRI RE A= (ay) Xy =x/x; & BN T AMERRIEISS | MR 6
EEFRE, x5 x; MMEE AR Saaty R, n FORRRIN SRR

2) T A B SERCRAEAE A, » ST RS R 1) B, R R BES AR W = [w, Wy, w, ]

3) HH Cl =(A —n)/(n-1), HERA—FHE, Hit—bRMCR=CI/RI, RI R AMIE
bRe CR<0.1, JAT/MRWREENR, MM EIF .
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T

1) X E bR AL R

fo=u; /DUy i=12mj=12-n 1)
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3) tHEH | MIFHHRFR AL W,
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A2 5t ZKGEE — AR IR PP FE AR (0 AL SRR EE R E PR P B 5, BATHEOR IR T
1) THEE IR A R R ALY

2) HHEH VPRSI H, -

v = (@)

B (1=1,2,,m; j =12, n) B AR EE R B 0 shis j ANMEARIOME, T x, RN | ek
HHCF I
2) SRIEH § PF FEAR AL w; -

V.
W =g (5)
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=

4.12. GEHESRELHEASHEUE
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ARRE NS | RS — BT SR S | AMERRIORLEL, AP HIN R M R R AL o T e

miniibj Iogb—
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b, >0,Vjem
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2) REEBUEDTCREL B, -
h(y,.b)
h(y;.b)

B = ,i=123 (8)

3
i=1

X h(y;,b) RNy, LA b THEAFHAE, REARN:

h(y.b)=3, Iog% (9)
j=1 i
3) AW, RIEAR TR,
Wj :Zﬂ Yij (10)

4.2. MEHRE

NHER . BT EEUE G L ex CRETRE 7, S5 G ORI AE S LA IR I B AR &, EEXHAE
TN JEEXS AR S TR IK LU R A B . AR R PR e ) 2k 5 B 2 DL B B B R S 1, AT R
AEHE S WL E AR 25 0 R A7 AR O SR R, DIk B VA5 B 5 e B MRS E AL e . fE L
fiti b, AT UABRIRCH e PERIA A 5 A0 RS S, AR R T Dl A B S SR R, 15 N Y
oA A, R ALGIRAREN. BEA. R USRI BRI R 5

4.2.1. EfRERIE—L
R B PR bR AN AR 225, T B AT VA — A 2

A —min(A;)

s mbR B - <<
EYERRILE LD P maX(Aj)—min(Aj)(l<J<n) (11)
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A AE PO TS SRR IEIE, FTLEN R M o BRI RV EG BT IX 0, VE TSI IL R 3
1) Un SR A A e B R A M AR I SRR TS A SR
Ex=(Ex, +Ex, +---+Ex,)/n
En =(max (Ex,, Ex,, -, EX, ) = min(Ex,, Ex,, -, Ex, ))/6 (13)
He=k

2) WS R S S E R R AR AR ) BT B LR S

WRAE RS SO BRI AR AT AL, HBUER, SRR REEEIH AR, #—F
A LAERE AR R OB RE kR, SULRIRS, FIAMTHERMAC HR %, 2 B AF R
ARG, A TR ZH 2 P T B VR P R AR B o 5 I BE R R AR S ALK, BB AR R
e R GHT E AR BE B, [, ARBRSGUHT SR A R G £ BT, el BEREA IR 4R
QI AESO TR S ST SR, RN AL LA R I KB AN s, S A
2l 2 B

R 0 PP A AT LU 1R [0, 1]3EAT o, Ferp AR — AMEIE AR AT U A& i) — N X TR 3
ACHIFESE C %9~ 54, Bl C = { poorer, poor, ordinary, good, better}, -] it [X. [ 326 X0 £ K
[V Vo |+ i LR AR AT 2R . PIESXT B AR L IX () 2 2 s, SRR 2= (VS FOR T 75
LU

Table 2. Comment form

F+ 2. WHER

VB poorer poor ordinary good better

IX [f] [0,0.2] (0.2,0.4] (0.4, 0.6] (0.6, 0.8] (0.8, 1]

el 0.0167 0.0333 0.0333 0.0333 0.0167
tE! 0 0.3 0.5 0.7 1

EXi = (Vmax +Vmin )/2
EN = (Viae —Viin )/6 (14)
He, =k

RS (I FE R FR PP IE AR B 22 3 (13) 5 (14) tH S = B, Gl 4 2 b — R B AT DR SRR RS D #1738
s X LR RARHR ) — R s AEAE VAR TSP BRI R SR -

1) SRR, TSR X =23 X

2) SRARIIH Ex =X ;

3) RIHEA (BN Z WM En = |7 x> [x - X
5 . NV 1 & —\2

4) RFFERTT% S :m;(xi -X)

5) RAFFEAS B He =v/S® —En® .
WM EEAR IR A R AR n DMARE AR, X T DR AT R A A s 2R 2R IR E, Bk
RIRN:
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_ BEXEnW, + EX,ENW, +---+ EX EN'W,
EnW, + EnW, +---+ EnW,
En=EnW, + ENW, +---+ EnW, (15)
2 2
=— \ZNl 5k He, +--- W, He
W +W, 4+ W,

Ex

He

n

+ 2 2 2*
W +W, +---+ W,

5. SCERASR
5.1. iR &E

ARSI HGHE R F3E A AR EE XS B, iz A AR AT A U I b Se R RAe “ L5 T hE S g
RARTHEAR”  “HEEt TR 52 A EEM RN, 247 € B EE ] 2016~2020 fE4bit2s
TR RS AR HR AR OEIRT R EUR, BRI BIRAE  E PERR AR R A BT AR
s SRR SEed B EELRNT R, B HITMERSE.

5.2. EIFNLETEH

W, A LU SRR R, WREARM P K e M e 2 5 AT R, R R ARG
A I EE AR AR A o FIFH AHP T ELARPRAE 43 30l 9 wil. wi2, dfid MATLAB #7453 wil = (0.15,
0.09, 0.15, 0.05, 0.06, 0.08, 0.06, 0.05, 0.11, 0.20)#1 w12 = (0.28, 0.17, 0.21, 0.05, 0.05, 0.09, 0.15). FKIKF
FBEEFEARQ)~3). &5 ABEHH AR (@)~6)iHHAUE w21 = (0.06, 0.11, 0.12, 0.13, 0.07, 0.06,
0.13, 0.09, 0.13, 0.10).w22 = (0.10, 0.11, 0.15, 0.19, 0.15, 0.18, 0.12)F1 w31 = (0.06, 0.10, 0.10, 0.20, 0.07, 0.06,
0.11, 0.09, 0.12, 0.09). w32 = (0.12, 0.13, 0.17, 0.15, 0.17, 0.13, 0.13). )i, FIFHAR(T) T EIEIRELAE
PL bl 1. bl=1[0.09,0.11,0.13, 0.11, 0.07, 0.07, 0.10, 0.08, 0.15, 0.09] . &#id A K (9)i+5 wil. w21, w3l
A b2 MEIEFE: hl (wll, bl) =0.01, hl (w21, bl) =0.02, hl (w31, bl) =0.03. H1X(8)FIEHLE /AL &% p1
=011, 2=033, 3 =056, SUt[FEN, 1 F3C5 BIRBLREEE A A 0(10) K A B2 48 br i Jo A AL
18, HR& s $4755(0.11, 0.10, 0.13, 0.11, 0.07, 0.07, 0.09, 0.07, 0.17, 0.08, 0.20, 0.15, 0.19, 0.10, 0.10,
0.12, 0.14).

5.3. WHHMEEFN NN ERBENRELERENEENE = RE

WRYE_ESCHIE I B Fa bR iR R, 45 A A SR B REAR L SRt BT RE T R IF I EE . W briEfl
Ja B R GG EE F % 2 TR AT S2-4 {poorer, poor, ordinary, good, better}i#k AT %R, 5% 3.

Table 3. Rating scale of secondary metrics of ecological innovation capacity of sample enterprises for 5 years
e 3. ARl 5 FREQFREN ZRIBFFTEN R

111 112 113 114 115 116 117 118 119
2016 good poor poor better ordinary better good poor poor
2017 good poor poor poor poor good poorer poorer poor
2018 better poorer ordinary poor good better poor ordinary poorer
2019 poor good good poor good better poor ordinary poorer
2020 better better better poor better poor better better better

1110 121 122 123 124 125 126 127
2016 poor poor ordinary poor better poor poor ordinary
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Bk

2017 poorer

2018  ordinary
2019 good
2020 better

good
good
better
good

poor

ordinary

better

better

poorer

poorer

better

better

better

poor

ordinary

ordinary

poorer

better

better

ordinary

ordinary
good
better
better

better
good
better

poor

B2 3 PP SRR gy i W EOEREAOVEME, SILER, EERE DR AR oR, W

B PEHE D:
07 0 0 1
07 0 0 O
D=1 03 05 0
0 07 07 0
1 1 1 0
R4 =it AR

0.7

0

0

0 07 03 03 O

05 1
07 1
07 1
1 0

0

1

1

1

0

1

0 05 0 1 O
03 07 0 03 1 03
05 03 05 07 05 03 0 1
0 05 03 07

1
0.7

1
1

1 05 1
1 05 05

0
05
0.7

1

1

0.5
1
0.7

0

, 458 MATLAB Znfef3th —4E SRR S QIR RE D fadnid R, R4 2 S Ashn
i f1: 111 BB RFAER 7R 9(0.68, 0.34, 0.23),  FARTEARXT M 2 Exiggs Enjgy Hen THEEILE 4.

Table 4. Rating scale of secondary metrics of ecological innovation capacity of sample enterprises
4 HARSWREQ RN ZRIBFTENR

111 112 113 114 115 116 117 118 119
15 En 0.34 0.45 0.44 0.40 0.33 0.39 0.45 0.31 0.34
HiE Ex 0.68 0.40 0.44 0.2 0.58 0.74 0.4 0.46 0.32
M He 0.23 0 0 0.20 0.17 0.19 0 0.19 0.23
1110 121 122 123 124 125 126 127
S En 0.35 0.31 0.40 0.48 0.40 0.44 0.39 0.39
it Ex 0.5 0.62 0.6 0.52 0.6 0.56 0.64 0.64
R He 0.15 0.20 0.12 0 0.12 0 0.14 0.14

ERGETEAN, IR B EE BRI . 11 5K 2 (0.45, 0.38, 0.14). 12 IR = R 8(0.59,
258 7M(0.52, 0.39, 0.13). 4R
RS SRR AR A S 0 35T 56 ) A2 S0 % TR AE 4R A, HAR L 5

0.4, 0.11), 4i&

11, 12 BUERAIE, AR A KT R b ax O BT RE

Table 5. Numerical features of ecological innovation competencies niche of sample firms
5. BRI GBI NS BERHE

2016 2017 2018 2019 2020
1% EnB1 0.02 0.02 0.03 0.03 0.02
W1¥ ExB1 0.42 0.29 0.45 0.48 0.82
B9 HeB1 0.01 0.01 0.01 0.01 0.01
1% EnB2 0.02 0.03 0.03 0.02 0.02
W ExB2 0.30 0.51 0.56 0.91 0.67
s HeB2 0.01 0.01 0.01 0.01 0.01
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gE &85 hEE, FIHLZE i E AR 2016~2020 SEREA AL 4% (63T E 1 = BUE AL B
(0.36, 0.02, 0.01), (0.40, 0.03, 0.01), (0.50,0.03,0.01), (0.65,0.02,0.01), (0.74,0.02,0.01).

5.4. VMR a4

ISR 4 PR, SRR SR AR RE 15 AOES E T R R M E S TR IR AR
HARBE WA TS H . SREOFARTE RSP AIL T X Skt QTGS IS BEFISCRE I B2, YoE
T NG EAF RN R K. AR IR, SEARA RIFS80™ tH, Bt 4
ZITRIESRES), WA EAE, RES AT A IS IS R BT R )
FEFR AR AR BURT RN R SR ] e 32 (L% (B BB AN S8 0, HESI AR BIR BKF, (RS h)
BRI B A A P A RS AN A B, AR RN, IR AT, $- T i T
{1 [E B AV ¥ A P49 AHEAT o AR AR AL JE TR AR v 0, IR BRI, Mm@ it R I L ROR,
FHKs B8 G e A T LASRAR T 34 R Y 7=

I 5 FEA A K 2016~2020 4 LR Q1T e 1 = BUBSFE 241 Rtk — P i LR & = 45 R mT T, 2019
. 2020 4, FEARMEREBIETBE AL T[0.6, 0.8]2 18], 5 2016 4F. 2017 A A0 Lb H 4t B8 e 1
M. BUERTA, REASIZE L SR ERTETBE S AR SR I AWK A . SRt R SN
ANV SRAF R JE ST OB s, AT BRI ER B AU, 2 v BE R 26 i [RIRT, AR T H B R 7T 3L
2, MR T SR RN E .

6. “Wi” BEFETHIEERWREIFENRARE

LA il 3 i b oA B S8 1 900 ERE R (g S P S e, s SR 0 T R T Al SRt 13T E 04
TH S AZ o

1) &L I BUSBOR . H—, SRR S 45 I8 Le 5 B8 T S BORBIT A AN R T g il e e,
SRUEHNG BV B Rp45 1468 AT FHAE RERANA CRAT R fliGE folk . =, dorsxtutlft e, LT
SCRFERAT S IO AR AL . FLDU,  SERR BRI B SCRFBGR . DT 2Rt B T H R A 3R IR
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