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“OERTEHITRTR I EE BRI REEARE, T KGR &6 T
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Do P A B S ) 5 N AN =1 e o o A R 1 -7 N
RE % 51 SR 4 7 A0 77l A2 AR A 2 R 5 4 1 O B R o (b AR N R 3R R [
RV Mt & R+ A FAE RN ZE) (LU f AR+ 1 7 R 44 28 ) i B
BB M0, BB OB 26 AR SR Pl 8 35 7 Mk A A R AR A . 2026 4F 4 A
A IR rh 3 e BOR R 2 B — 20 R A, BN PR R AR AR &R TR AR
“WERX"TES, TEMBOR M T, G B 24 A9 & R 58 3 = 5 R 15T .
[T f 4 TR R VR TE BT B A o HE Sl AR T 2 M R R R Pl R R
w0 PMEESC, P E AL SRR B RO 2 S H R R BRI T | v B 2 Bl B 2 N 8 U 2 B, S B 2 A
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J& AN AR 1 BT BOR A AS B S M, TR B L AR A, 51 S 1k T
12 X 1) QBT 3R B TH S o SR (0 A R IR R TR R R IR R L ORI SR AR T AR B i R Ak
@A 7 o SEARE AR AR A 2 (R T B A 10y i R, B R ofE Sl RE TR 45 Al 5%
B BB S R B A T AR 7 ) B B AR (PN, 2026) o 7l K
AR A% 0 Bl T TR T B B AN W S 5 15 22 3% AN, P DG AR 7 ol 52 B 5K BR i 5
TR U Yy #5 8U R  HAT R 0 BT T o B AR TR AR o A el O AR
b B8 K R P e R S A I R 5, O g At M B BT T R A M B U R
BTz R B

POl B4R R SR A AT B o 5 R RO A T8 M R ) RE B A
W AT 37 A UM RE W41 B0 AR K 7 Ml B AR 2 B8 R M5 22 BT (AR5 55 , 20225
RAEREE,2025) o BRI, A BRIl K R 4 M IKE R 7 IR0 VI LR, A Y
(T 3 B2 W 5 A o P A b Aol 1) A R B A, DA DI 325 i ol 4% 2K 0 4
FER ) Se ik A 7 T AR B, B AR AR 22 U B IR A INC B AR (AR AR A B R4, 2015) .
7Pl UK FE 43 AR R RE A O B AE T, R A e B S 1 ) R TR A R R T 3 B
TR 20 ARATL ], DA SR Al AT BOR QBT A N A= B g o H ke, AR SCHRE M R TR] A
JE  BIURE IOE SR BBUART o 2845 3 B0 7 b SO A A 8 St , n el ik A sE s AR TR S A%
OB T S AL BT 45 3 D0 5 A ol 5 R A T 5 5K, 2 10 3l A oMb R A I T R
QUFE? ARG AR AT Ml B AT 2L Sy A 1 R 400 38 110 @ an e 3 5 4 v )
GEURC B A B kG BT B IR 1] RS AR 0 A B A Bl A Ml R 1 AT
B BT 18] 2 G SR RE A 8 A s S I A AN RE AL GIE AR A Ml 18]
W Y AR A Ml T R T SR BIF A T I A R ZY SR 7 X — B AN e gl i T 3
352 T 38R AL T 7 5L AT b B8 4P A% SRy, 4 Bl Ak 0 25 IR S AT L B AR
ARBEAE 7 O T3k 48 ] U (8] 24, A Bl T W A M S8 SR A 9 Bl 5 A R Al T 2
7 T LR A5 R B

BEA 214, o EDGAR M B 1 HE H B st, & Rd fe i 2 p 1 ne E A
5T 2009 4E 5 L 7“4 A PR TR " OM A B B9 IR L I il BV A
SR . Ak — I, A E DGR AR Bl 55 B R A R T LRI Y, B OB
7 RE RS B T . OFR A8 S R SRR Al P o T R R RS, 7E B ARG

@ Hil4n, V8 E T BUF 2007 4 15 K BH AR 288 AW UK, B T SEAN I B A 0 A T ARZ I Al 47
BT R o B SCRRARAOGR I B BBk KB AN, X H S TOCREIAE RN E BY ik, M L nxFE
K25 BOGAR = 5o N, 2000 4F LAHT, 76 5 Tkl mi g, i TG, 45 569 40 Fi 2 22 #h 7
IK3% T AR BT Al $ AN ZE, DTG5 3504l Az 77 19 1] 4 3R 441K (Bold et al.,2017) .

@ 30K BRI TR SRR S R

® 2009 4, NHESOGAR T B AR BE D, W BER BN E KRR IR R A R A T (8 T i 4 K FH/R T
TR AL, SO L, b o B P AR RRUR L I A P R HE— W A, SRR R O R AL, X —
SR TR AR “ 4 K PH T/

@  BERLRUE : (B B R 1 G AR BN —— MO 75 A SR8 247 b & b i R AT (— ) ), B
FAEAUR L 2013462 H 17 H .
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AR TR BN, AL TS % 5EA . 5IR e, —dHdt B A s a0 &
TR Aol U 5 7 AR G, S Wk 55 AR, 7 1 5K S TR A A HT TR IBOR 1Y) S
B A AT S T & A S T AT ALY 5K i AR IR B (A A X — &
JE AR IH , SR P2l 1 3 A A T E AR B AR PR T = RE YT Ak, B B A Mb Ay v B
ARAH 8 F1 R B LA 7= b BUR B9 5051 5.

2015 A4 e 7 R 3R E B AR AL S AR BT B R AR N H AHE T Y
— TG A B PR R o 3 — R B AU 7E T DL B R KT SR i R P T A b Y T
B, T HE B Al Z 0] 5 77 BESE - N AS e i m Bt B e e A e 4. ©F
K F o [ B B e SR ARG SCHR AR R AR O 5 S 3 A (R IS R ™
2023) UM MU CGEE R 72, 2022) B A B (3R UK 45, 2025) BB B A% A€ (T o
HIT 5 2, 2018) BUN R (RS , 2024) 460 (5 0% (SRR A8 45, 2024 ) FI B3 T
] (PIMEESC, 2025 ) 55 7 1T, {H DN B 35 3840l BB 5 AR B 19 22 00 R AR A L AR 284 Hh &, )
BT B PN 25 an ] 51 S Aol B 3 42 AR A 35 (09 9 78 AL B A9 AH S AT SR A TR A 72 o
K F v DB AR 7= b A B 3l B4 AR OGSk, W 4R T R T 35 38 B (RE K AE L 2024) FTHL
b G (22545, 2022 5 IMAE RE A (5 B 36k , 2023 ) 25 J5 1, /0 A BF 58 1HE 6 AR 72l
BT B9 B B %K . Banares—Sanchez et al. (2026 ) M3k 7 A4V JZ T 118 T 48 X 61
B R RS R T A I S B S R A I K ISR PN i el 5K B 4 b 1 T £
ARG JETFF 43 Mo I, A7 ¢ B GBI P Il B SR 4 o] 412 2 A% w14 387 24 7 b hn B i
T H AR AT X —ME A, TSR T ER AN ST o AR ST B8R HE s AR AT Ik A
T 2 AR A P9 TEHL B AR T BE 08 TR N X — SR B B 5T S R O O B R B R R
AR 2200 2 2%

ARCHHPRTTER EEA LS = A, 85—, AN SCEAR S T B4R 8
YERALE] , B H 5 0980 W &, 7 T 05T 80l R 8 2F 4k 5 17 3 v 47
A ANFENLEL , FEF d EDBAR =L 08 A B SE R, A SCR SR T il
X — X T 77 b 5 AR G e A0 A R T HL A R I ) SRR B s 1T B, R
W BE 7= b R A RO X — BT A 8 s T BOR U0 38 a8 £k B SR BIL I 8 R A
Ak, FEAR HE A AT ATV BRI o A B T DAEA T A (5K 5855, 2023)
Ll BOR T HA B WFIE, A8 058 H A IE T 37 R B2 7 2 15 77 ol 00K ) 4
J7 TH B OB AE F , A A8 24 77 b R &R AR5 98 i 5 40 Ml 90 i) e B AR 4
T HIB R

9 RSO S AR ARG T 2 4R B R OGAR B B R E S, RS RN TR
B AT AR J7 1) 390 T A SCHFSE 45 W n] SE R . A R & R EE sl A
By B A HE T Word2Vec A5 5Y (1) 1] #1372 (J& 5 55 , 2024 ) | 3£ T PageRank .1
AL 23 W 4% 70 BT 1 (Funk & Owen—Smith, 2017 ; %4 [A] B 45,2023 ) Fl1 5 T SBERT & 1=
BRI 5 B 5 vk (B0 5, 2024) 55 . A SCEEBA ik pyEat B i TRF KR
FREIE B HE 4T 71 25 19 BERT . ERNIE . RoBERTa il ELECTRA PUFh K18 = 4550 | 38 i
X b BT B R R SCAS IR A ST, BT M R 1 TR e b B VR B R AR
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AT R o R, A SCEFER R VEBE (IR [A] 4k | XCRFAE (B AR AE | Ak AR AN
LR A5 22 A 4 B2 X0 0 SR 45 SR AT T ARG, A B0k kb T AT SCRR AT OB IR A
b T B A BB 0 58 A A 280 R s A R 8 TR

5 = AR SCHR T AT I BRSO PR AL B AR DGR SE S T O R
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Ml B AR A H7 B AH B 5T

AR SO AR LRI R < 55 AR 4 O AU R R BUR TR O R ST
B 5 5 =0 70 1 I A0 30 A DR S A9F 5 1 5 B8 DU R Xob SR 5 SR AT 40 5 2
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JO7 G 5 75 80 5 5 - AR S 4 SO BRI
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WRIHEDN T, 4 E R A 0 S T 06 R =l JE 3t , SR A7l o 1 H 3 (1) 7 B
Pk s K b E ARG, 4 A T AR A BB 3G K T 545, T EDB IR L4
RAE 7 2 2Bk 7= RE 1Y 80% 2o A7 o T8 B AU AN T 37 0300 0% 3 R T, Aol B A )
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T AN ARARAE , SCARH AT 3 P B 7= PR o . ERRER R AR =R LA
() 6 F 02 2 S 2E D R 4 R 7= b iz A0 7=l T 250 2 DL ) (Tl BB 37 B (2015194 5 )
(AR RIFR“194 5307 ) 8 H L H 2013 4F LISk, #2075 J5 7= Be ok K iR i Tii 37, Jn
Z R EAR P S A R S N ME LR AT 3, SR PR AR B R TR g
Ry Bl A b AT R R S, [ R BRI SR AE 2015—2017 4F 525 T =4t “ 64
TR, B A Gk ) — S R B G AR FE M R AT E AT SRR R YEHE)T . 2015 4F, 1P
R J] SR T B X 5% 0 100 5 R 450 0 3 S b AR, b i 3 T % e L AR 4 i o T
HIER 5 S0t . Bl S AR, B KRB IR R OG5 SE it T it i E eI H .
R AN 1 iR, AL #8722 IR R m R HD , B34 48 Al A T
“OEHUTR I EFF AR . M E AR, 2 — AR R R R i E E AR
ik 18], A RE IR R T 38 i 3 A T S AL R S8 R A A A R . JEAR P Rt
N R FLE H 207 LT AR i e, B A B A TR R A AR A A AT E 1)
FUBL B AR BSR4 5 R, {07 1 43¢ BR A A 2 45 B SR B2 38 A S IE BH A4 B A5 4 P 4
B SCAF 5 FRUR, A5 0T TR PE S & Z0F Aol W8 Btk 47 o A% 1F43, 0 12 ) RE W8 a8 3] “
SR B AR FE B B A B Al 5 B e, A0 A 3 M b 5 SR ORI 1 B 44 R AT
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DR s 7 TS BUE IE 308 52 AN R BTG o 194 5 SCPET O AR AL 1 0l v B A 3k
REFASRARAE T WA BHLE , 2RI H oR AT 7 dh 2 08 3 — %E M EERPRE
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AR TTHE 9 4 b B2 A6 85 A0 1 T 37 BB, DT 38 A ol 45 R 1 25 1R N 2B B g e
T R B AR 84 1 A lb B L T I H SR, b AT SR OB S R R T T S
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I I S DR AR RO, R RTR Vi RO, F2 A A oMl 4 7 G O H AR 5K 28 1 iV R
GEME 5 TEAT M JZ T, B 5R R0 2 3 A e AR G A ol 1) 7 37 35 07 42 5 38 B Al 1]
AR, R AHEDACR MR E” R Ty e S m . T,
A SCHE— 25 F 0 ORI A2 BE 4 T R R AR B N TEALEE , I 4R AL A SR
B 156

IS SV I

MR F7 K 51 BRI B e, 75 Ry 56 B T Ak 47 A Uy B AR G158, 24 F Ui
7 i T 3 4% 3dk RN B 55 SRAT S B, Al 23 IR R W R B I e 0 BE DA R T
72K (Gao & Rai, 2019; Gerarden, 2023 ) . EARZSEAR 7=l , T J2 /5 2% H it F &R S 4R
BCAE I BRI e, A0 A8 T B S 4 A [ B 7 & i A Al e A= 7 26, i 00T
BA R o AR s 2 Fa e HLDAHOR Jy S 1m) 09 T 3 705 3K, 4l 25 5 5 ) IR 56 4
A= REY 5K, AT ME LUTE 1 R AR B9 B I BOR BB AR 285 o T OB 48R 4 28 3 1 3
T oK 5 AR 7 i B R BB AT A SO S e ] il A% 38 T 3 X0 e RO AR i
KAF S, B Al AN W32 T i PR RE o X BUR BB LE T BUR PR AT SR T
], X FOUR A ) B i 15 1 R SRR i, U i R BR BR o i A B AL Ak A
REARAG KT TR 2 . I, b T RREE I 2 “ ROt 7 iy AEFRE , Al A
AN R M 46 T2 G 5 N H R SE G o X — HLTPEEAR A A A BT IR R AT i R
AFF A S0 1 A5 DGR 77 i o 38 S R AR UE S T S T oK i K BN, BRI AT H R A
) Al K AR AT B 22 09 T 300 40, DT I ERAE i AR [l Wi, 578 T 3 36 4 vh B e 22
oo HRIH, AR SR S A0 T R .

HI: “SG8TTR)7 Fl 5 20 14 19 OC S R S 8 e ME AT, 97 R Se i 7= s iy i
Yyas (6], 38 52 /5 SR A ok 500 A 2 Al 3 4T AT 9T H R Q18T .

2. BF KA R

AiFF & B U 1 D0 AR TC B SR AR 2F A Ml B 3 9 DG B PR 2R (22 P1E, 2022) R4t )7
LR FE o1 R WF BT 4 6 AR e R 7 25 SR AR A e R IR AR S T A B
HOCRIE o HNTEZ AL T, 7 68 IR A7 B iy B e XU v, DT K
1 5% A PN, UK AN 8 P RN 4 R a2k A B e 25 15 Aol 09 BF & XU (Hud &
Hussinger, 2015 ; #M#E 3, 2026 ) . — 5 1, BF & B 5% B B0 a0 JF 55 4Pk, 4lb v DA
SE AR PRAF I KBTI A ) A £R T BRI SR AR T AR S Wi aR , DA T AR A ol A
REATAE T A B K F (Becker, 2015) 5 55 — 5 1, BF & 1% sh B Ao E P,
AfF & B A 5 8158077 22 8] IF AN A7 TR A X0 G &R R 5 B R R R AT R B
Aol TE R A A B A, T H ik 5T 2 RO 2278 XU (Zhang , 2015) .

R A ¢ I AT B A% R IS, B T DR A S B R A% Ul A X T R AT
ST B , A A 5 A ) e T W AR R R BB B 3% . A A oMl [) % U5 AT 2 T, Y
AiFF ¢ B R B A A5 Il B A A 8T B A G S5 A alb B o 7 AR U A7 1) O, AN 23
T AT A B R TR B 3 2 H 885 Al GE SR B AR 20 B9 N AR ) 7 (Liu et al., 2019) 5 £E
Al PN TR T 2 T, A0SR A A R R B Y B A AT I A, TR 2 1 B
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TP kB WEE - MIT MR S ES AU E R R, XS
Al AE H AR B HT R b T T T VR R T e At T I R O AE OGS R AT s
RPN FSE L, ok AR e 1 357 19 2208 R W AN UHE LU B F B A
BORHE R B 0] BE S B AT\ A I RUA B EE A R 8 . IR, B R R TR A A AL T
P2 AT P A O (S SRS G, 2024) o OBARH R 8 i 51 S0 & B IR A T
], 00 A b A5 T 8 2 B9 & SRR, I HE 3 T 4 b 2 18] B & 95 5 A9 00 AL e
o SUCRIE, AT EBUR LR BRSO, Al S8 A 2 09 SRS T
MR 2E T 4l Y ATE & B R B P AR BC o PR, AR SCHRE MR A0 R B

H2 : Y8R 7 5 5 0 B¢ 4 1] B3 20 A b Rk, 350l s b 336 e & 88 A, 38
SR O I P QI LT e o | A A IR A 5 7 UL 5

3. R AR R

BB 455 A BIS AR, BB TG s B9 7= A6 T Al X AR R Y 24 ) FE 4
FERHEAH H 28 2 28 M Z4E Rl & 075 50 R, A0 B F Al i Bgr 7= th 26
C e 1 TIR 1  TLTB 0 I YA /207 N LA 3 E D2 [ P ol = N B | A 1 5 N A2
5 I T RS P O A T A AR e T e B B R A R s s 5 — T, %
I R A 3 X 1 RSO A R AT AR DAIE , W ST T T 3558 4 B R AR AT, 515 A lk 7]
| w371 7 G o Sy SO ol S o817 ' ML R 9B N R g N 831 1R 5 N e
W5, A7 Bl T Al o 355 07 042 47 b A 9 B AR KSR R K R FT R (S BURE
2 BRGNS TR VS AR B9 IA 0 T T4 (Nie et al.,2022) . 5 IG[RI B, A G0 H T % )
SR 7= b AR IR T S 8 il 4 Ml T R B R T O B ok S 1, LR RE R oE B R B 2R
HA BB UM E . JodE 8 AR W R A BT 4l 4% 3 22 540 59 7= & e 4 A
TIF 2 SR s, 2 171 4 h 4l 7 BV H R O AN BT ERUAS 28 . fE LRI HESh T, 8
He, T AR Al A & SRR R A T L b B AR N R A5 b B R 4 A R R R B 2 2 ] A
e g, RIS T OCRBAR B AR T B A W ORI RS T . Ft, A
P AN B

H3: 85 ARG s e I H a5 A e o = i R UG, 5 4k 4l [l B R 38
T, A A HT g RO R 2E Al R AT R U AR A .

BB, TR F R AT Mk 8 HAT 17 M )2 T B 35 7 38 T 3800 il
e T R JEREN o B BETHRON 48 <G4T R B % $ v Bl AR 41 R Al 1) T 3 b
A7, 3858 L AE T 3 b 10 5 4 75 O 5 s 350 T A B 7 < S 4T R B8 A% 3 o 4 57 B
ARFRFF, T 2K i 5 |5 F il 38 Bl AU Al 27 >0 47l v 8 B AR 40 B 28 Al AT 45 /)N
AV R A H AR 228 7 s AT B R R HE 25 . R4 A 8 4 BRI, AT AL Ak ] LA
A 2 B AR AN BT R AT AR, DT AR T 37 A b o e A R AL a0 AR e T g 5E
J1o — I, AR A BB KOS E T B R FR v A Ak R
B HR 2R U R DARE AT B F AR o B 2 A VR R B R W 2, B R G A b b
T AR KT S0 &, AW ss HAE b ss S0 % . B—hm, ok
ST R A A ARG AR f S T H ) 4 E I H 5T, B R TR bR E TR
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SRANAS Wi 4 2l v 2807 i 19 T 5 75 SR M8 [R]85 e B0 25 A1 ™ i B T 37 25 1)
AR 5 = REAR T 3 . BERE D0 JBR 00 7 i 12 T O SR AR AT, A R Al
TET S IR 8T i 2008 S A T 3 v Al A I 25 K, e At Sl AT b B A 1 £
AR (FAEM AR R, 2019) o 48 0L, AS SCEE R LR Bt

Ha : “ G " BE8 £ v B 97 24 Al 19 T 37 38 4 7, SO A ol v i 38 3 D AR
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Summary: How to promote the optimization and upgrading of industrial capacity and encourage enter-
prises to engage in cutting-edge technological innovation is a major issue of national concern. Launched in
2015, the “Top Runner” PV Project is an innovation incentive policy designed to promote the innovation,
application, and dissemination of cutting-edge photovoltaic technologies in China. The core of this policy
lies in using technological advancement as the primary criterion for selecting high-quality enterprises,
thereby driving a shift in competition among enterprises from capacity and price-based rivalry to technologi-
cal and innovation-based competition. However, there remains a lack of sufficient empirical evidence and
theoretical discussion regarding the impact of this policy on promoting cutting-edge technological innova-
tion in the photovoltaic industry and its underlying mechanisms.

Drawing on over 450000 patent records from China’ s photovoltaic industry between 2009 and 2022,
this paper utilizes large language models, such as ERNIE, which has been pre-trained using the Transformer
deep learning framework, to measure the degree of cutting-edge technological innovation among enter-
prises, thereby assessing the policy effects of the “Top Runner” PV Project. The study finds that the “Top
Runner” PV Project significantly enhances enterprises’ cutting-edge technological innovation, with this ef-
fect primarily realized through three channels: demand expansion, research and development optimization,
and knowledge spillovers. Furthermore, the project also generates significant market power enhancement ef-
fects and benchmark demonstration effects across the industry. By deepening supply-side structural reforms
and using key technical parameters as effective criteria for differentiation, the government has enabled high-
quality enterprises to gain greater market influence, thereby significantly promoting technological progress
across the entire photovoltaic industry. This paper recommends that the government draw on the successful
experience of the “Top Runner” PV Project in fostering future industries to support high-quality economic
development.

The marginal contributions of this paper are threefold. First, this paper opens the “black box” of the
mechanisms underlying the “Top Runner” PV Project and reveals how innovation incentive policies pro-
mote enterprises’ cutting-edge technological innovation. Based on the development practices of China’ s
PV industry, this paper reveals, from the new perspective of “technology-enabled effectiveness of industrial
policy”, how the government should identify high-quality enterprises by optimizing policy mechanism de-
sign and thereby promotes enterprises’ cutting-edge technological innovation. Second, building upon exist-
ing methodologies, this paper utilizes large language models to conduct an in-depth analysis of patent ab-
stracts from Chinese listed companies. Based on this, it innovatively constructs quantitative indicators re-
flecting enterprises’ cutting-edge technological innovation, effectively addressing the shortcomings in the
validity and accuracy of existing measures of such innovation in the literature. Third, this paper extends ex-
isting research on the evaluation of innovation incentive policies by incorporating two industry-level ef-
fects—the market power enhancement effect and the benchmark demonstration effect—into the analytical
framework. It provides an in-depth analysis of the critical role that technological factors play in driving the
“survival of the fittest” in the photovoltaic industry, revealing the far-reaching impact of such policies on
enhancing the market competitiveness of innovative enterprises and serving as a model for technological ad-
vancement. This enriches and extends research on how innovation incentive policies drive technological in-
novation in the photovoltaic sector.
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