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Fig. 1 Framework for classifying city types based on clean energy technology transfer
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Fig. 2 Theoretical framework of clean energy technology transfers and its emission reduction effect
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Tab. 1 Identification and proportion of clean energy technology patents based on the IPC classification system
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Fig. 3 Changes in clean energy technology transfers and CO, emission intensity

in the Guangdong-Hong Kong-Macao Greater Bay Area from 2010 to 2022
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Fig. 4 Changes in local clean energy technology transfers wihtin the Guangdong-Hong Kong-Macao
Greater Bay Area from 2010 to 2022
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Fig. 5 Characteristics of interregional clean energy technology transfers in the Guangdong-Hong Kong-Macao
Greater Bay Area and cities outside the Greater Bay Area from 2010 to 2022
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Fig. 6 Changes in global transfer of clean energy technology in the Guangdong-Hong Kong-Macao
Greater Bay Area from 2010 to 2022
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Bt B/REGEMIXH R, RN T A2 R, KU X T RR IR R Y BGE ) A r
TR, ) E PR R R T AR IR R R R =24
4.3 BEBRKNEXEFGEERAEBIRHERT
4.3.1 HELMWWRBMRKQIE EEANIEZ AT, JFRILEMEZE . mR3FR, T
H AR B AR R BN TF0.80, H Iy 22K N7 VIFEY/NFS, Ui BH RN ARY 1) &2 i PR 5
Z I ANAFAE ™ i I 2P ] T,

ok, Rt A mIE, XU X5 A i A48 G B R AT SR AR A 06, B TR
AT EAE AT . LLC (Levin, Lin and Chu) #348%. IPS (Im, Pesaran and Shin) #
55 H R H 8RR S 5, TER IR A IS A — B, W AR o R AR
PREEEIT A RR, HEVR. W —M2Es, rAA8ELLC, IPSK: R4 i 1% K
oKV, R A e B FRabE (3R4), M—Fripsk, dE— 20X s i A8 i 4T
BRI RS, SRIATKAOK L . A g0 45 5 o /sl o 1% 50 K-, IHE & o Pp a1 i iR
B, VAR & 2 [BAEAE I, o] A AT R g Ttk — 20 0 #r .

®3 LTEEXRHKRFEZRKETF(VIF)

Tab. 3 Correlation coefficients and variance inflation factors

By CI pin plocal pgba pdom pint pgdp ur is op
CI 1.00

pin -0.57 1.00

plocal -0.19 0.33 1.00

pgba 0.25 0.05 -0.10 1.00

pdom -0.26 0.50 -0.16 -0.16 1.00

pint -0.43 -0.07 -0.28 -0.24 -0.08 1.00

pgdp -0.83 0.55 0.23 -0.21 0.17 0.59 1.00

ur -0.73 0.58 0.50 -0.16 0.08 0.32 0.79 1.00

is -0.59 0.35 0.00 -0.25 0.18 0.65 0.76 0.55 1.00

op 0.16 -0.13 0.22 0.19 -0.14 -0.10 -0.15 0.06 -0.21 1.00
VIF - 3.21 2.48 1.38 1.95 3.49 4.62 4.55 3.54 1.30

F4 EFLLC.IPSHRMIRWIGLER
Tab. 4 Unit root test based on LL.C and IPS

. LLC IPS

o A I T
InCI -7.04" 6317 -6.40"" -4.81"
Inpin -6.79"" -5.56"" -6.55"" -5.447
Inplocal -10.62"" -8.92"" -11.24™ -7.817"
Inpgba -8.98™ -9.03™" -8.79™ -9.66™"
Inpdom -11.07™" -7.52"" -9.72"" -8.13™
Inpint -9.72"" -7.147 -9.09"" -7.19""
Inpgdp -3.82"" -3.617 -2.32"" -1.36™
Inur -7.04™" -6.31"" -6.40"" 481
Inis -13.20"" -11.07"" -10.95" -8.10™"
Inop -11.57" -10.27"" —11.44™ -10.42""

T TR A B 1% 5% T 10% K SR TR
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Tab. 5 Econometric results on the impact of clean

energy technology transfer on CO, emission intensity

AR HE R B 0.05% B3 (5). WEIERRIR RO inpin -0.05™ 467
ﬁ*%%ﬁﬁfﬁﬁﬂﬁ’ﬂ%ﬂﬁﬂLJ%ii?ﬁéo ﬁﬁﬁﬁz A Inplocal -0.42" -1.95
RBIEOR B, S X IR 1T BHE R B 7T pgha 0587 -2.10
D ie 3 15 B R B A GRS AT P, pdom 0527 -192
B AP A AR AR A AR R Wpin 021 053

e, TR g R e St e
BOREERS , KU TX AR I BB X BRI i N
AR RS ST T 5 WO WRHEON . 5 " " "
Wrat B @ or, 2010—20204F v IX A # bk 7 ol B 0.6
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Tab. 6 Robustness test results

_— IR BEATL AR el BRARBCE R AERTE O 2010—20194F
FEAL(1) HEAL(2) LA (3) LAY (4)

Inpin -0.08 -0.12" -0.02" -0.25™"
Inplocal -0.39" -0.28" -0.18" 0.24
Inpgba -0.48" -0.32" -0.27 -0.43™"
Inpdom -0.12" 0.23 -0.23" -0.37"
Inpint 0.317 0.19 -0.38 0.41
P il A YES YES YES YES
adj R 0.58 0.56 0.49 0.63
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Abstract: Advancing the transfer and application of clean energy technologies is a pivotal
strategy for addressing energy-related environmental and climate challenges. The Guangdong-
Hong Kong-Macao Greater Bay Area (GBA), a major economic and innovation hub in China,
possesses substantial potential in facilitating clean energy technology transfer and reducing
carbon emissions. This study examines the spatial dynamics of local, interregional, and
international clean energy technology transfers within the GBA, based on patent transfer data
from 2010 to 2022. Furthermore, the study employs the STIRPAT (Stochastic Impacts by
Regression on Population, Affluence, and Technology) model to assess the impact of these
transfers on the region's emission reduction targets. This study reveals the following findings:
(1) The scale of local clean energy technology transfers within the GBA exhibits a fluctuating
upward trend, predominantly following an "intra-city hub-and-spoke" model. The transfer
network has evolved from a single-core to a dual-core and, eventually, to a multi-center
configuration. (2) Interregional clean energy technology transfers are increasingly active,
narrowing the gap with local transfers. The transfer model has shifted from concentration to
diffusion, with external demand transitioning from the Yangtze River Delta to the Beijing-
Tianjin-Hebei region. The spatial pattern of outward diffusion has expanded from innovation-
intensive cities in the eastern and central regions to western cities such as Haixi, Urumqi, and
Karamay. (3) The scale of international clean energy technology transfers remains relatively
small, but its activity is gradually increasing, with the Hong Kong-Shenzhen core network
engaging with a more diverse array of partners. (4) Clean energy technology transfer has had a
significant inhibitory effect on carbon emissions in the GBA, particularly through local and
interregional intercity transfers, while the emission reduction effect of international transfers is
not yet significant. This study sheds light on the spatial pathways, characteristics, and emission
reduction impacts of clean energy technology transfers in the GBA, providing valuable insights
for formulating regional low-carbon policies and promoting technological innovation
cooperation.

Keywords: clean energy technology; technology transfers; spatial pathways; emission
reduction effects; Guangdong-Hong Kong-Macao Greater Bay Area



