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Low-Carbon Transition Pathways for Urban Road Lighting Systems .
An Empirical Study in Nanjing Based on Life Cycle Assessment

GUO Fei', ZANG Feng’, XU Tian’, CHEN Kangwei’
(1. Innovision Environmental Planning & Design ( Shanghai) Co. , Lid. , Shanghai 200433, China;
2. Nanjing City Lighting Construction and Operation Group Co. , Lid. , Nanjing 210010, China;
3. Shanghai Boxu Mingguan Technology Co. , Ltd. , Shanghai 201203, China)

Abstract; Urban road lighting systems have emerged as key targets for low-carbon infrastructure transition
under the dual-carbon policy framework. Current research predominantly focuses on carbon emissions during
the operational phase, while neglecting emissions associated with material manufacturing, construction, and
maintenance phases, thereby leading to incomplete carbon footprint assessments. This study, grounded in
ISO 14067 and Life Cycle Assessment (LCA) methodology, establishes a carbon emission accounting model
encompassing raw material acquisition, product manufacturing, installation, and operational maintenance
stages. Based on empirical data from six representative roads in Nanjing, the study identifies major carbon
sources and influencing factors in urban lighting systems. A set of differentiated low-carbon strategies, such
as intelligent control optimization, lamp parameter adjustment, and lighting layout redesign, is proposed and
integrated into a “road-specific” emission reduction framework. Simulation results validate the effectiveness
of the proposed approach. The findings provide a methodological foundation and technical support for the
green upgrade of urban lighting systems, while also offering empirical evidence for policy-making, bidding

evaluation reform, and sustainable lighting infrastructure development.
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Fig. 1 ~ System boundary for LCA of urban road lighting
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Table 1 Key attributes of selected road segments
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Table 2 Key components’ parameters of sample road lighting systems
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UES T 9 m BT HF 160 10 200 I8 38
3k I B 10 m B SUITHF + L8 A FF 180/1 000 7 90 i B 12 iy
BT 9 ~15 m ZHASLTAT + &5 4T 160,/490/180 7.5/10 120/200 $H Az
HIL 9 ~ 13 m ZHAK LT FT 160/420 10 160,200 il B
J5 ST 8 ~ 15 m ZHIEITHF + L5 B HF 140/490/1 200 10 160,200 B %35 K
2.2 mHFMZEAESITEZESR (4) B2-BS frBr (4efrizde) . ¥ H# ks,

ABETER A A PR (LCA) Jidk, Xk
TE R R G R s, LR BT K
4P 2 B B B HE RO AT R G . T LAk HET
Pk o 2, RIGE R 0 S B (I e . AR
A s ) SN T, TR B E
BRHE R S . FEATHE I (1)

CF = AD x EF (1)
Ao, CF ek (kgCOye) 5 AD il S % ;
EF Sy RIS 50057 15 3 A3k A B HE I 5
Oy AR T L AN S RS, AT TSR T LR T
AT
(1) AL BB (MRS ) - B kT AR X H
Pic Fi B S5 P B9 JEUR R AR B i TR Y, MR i

i Ao S AT AR
(2) A2 BrBe (Mkhizh) . KM HERE, 2
a5 iz g 07 2K, A5 A A SC R IR T AN s

Tk HE 5
(3) A5 BB (g4 . Wi Tik&is
17, BUIAE L 5 2 %% o 72 v Y RE VR 14 4

SRR AEAE | R A S IR i, SR R A2 4
PP b N 25 52 0 (2 32

(5) B6 BrBr (izAT i) . oy EERIL, Wi
STHIAR AR TFAT IR 5 99 B8 &R B0 50 4F 0
P3P L T ) L I HE A PR A B 5 A7 SRR AR
2.3 EHRGHRAERELRRENR

ABIE TR P ) B GE B A (AT 4 ) AR 4 )
A i B e HEE AT T R RE S A B AL ST
HoOJTHF AR R 2 ERT L, Sl R AR
BB s AN, HAedld | iz f flis
1B BB HE A7 H AL T HAR K

2 25 SR KT i o A 1) A i 3] e R 08 KA
b3 5 12 B Be & v e Rl 7 G B IR R G
i JA AR HE S B LB R 1% 5 a3 17 DA — R
T 1 W/sg, asA7hr BUkHE otk s ] 20ms o (K, 45
i FE AR R BRI (cut-off
criteria) 5 2§ B4 B9 SE B PENE OL, ABESETE &
G e E OB A AR G0 B HEAR DR s T R B
PEAT RS, TR 3l G R R T RE M % AR T A L]
B



5536 B A ERIESE .l TIH g IR D AR G A AR AL B AR T T

Lesh, WA E R Z R MEER AL, &
Syl HE S M b B v SR R s AL, R T A
RGEAH AT RERCRE T AL, R ¥ T B 4 1 A 3
F ) I T 2R IR o A B T IR A A R AR A
AR S A — B, G Al T )
G AR 22 o RARMEFT AT L 4% il 2 G bk HE XS 128 1
— A SE LA b, PR X s g RS
ARG T AT R W IR R I8 AR, DL SRR A T R
GEARALITAL
2.4 BREEREWRETHAEST

BT E R A 5 R N A5 R AS TE 0 S £
WHFE R GEATAG 1 H A A i R B HEOK P, 9 B
TORE 55 BT B KT T A 4 B HEAT XS B oA AR R,
A B HE R R AT AE 3 2 e, M AE R BT
M NC B s AT B ) 22 S (3R3).

x3 HFAERBRARFEESEGEPBHER
Table 3 Life cycle carbon emissions of sample

road lighting systems

P TAEFA AP A
it iéjf LT iR ey
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JESETTH 204. 00 0.97 39 273. 11 589. 10
MNEAT A BE 43 B, S B itk HE R R B e
S £ SRk K 3. 89 5, 3 phy T H A I o) e

SRR A BT 5
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Table 4 Carbon emissions per kilometer per year by stage

A= i JA 1/ UES1: 113k Yl %/ At/ bt/ Ja 1,
Wb B (kgCOse) (kgCOye) (kgCOye) (kgCOye) (kgCOse) (kgCOye)
Al-A2 4994.16 2 710. 65 3174.03 13 942. 38 2 115. 60 3 561. 89
AS 20. 06 24.94 3.86 38.81 2.50 5.36
B2-B5 218. 31 318.85 127.24 50. 67 150. 79 77.24
B6 11 431. 64 25 558.55 9 767.93 36 878. 04 20 777. 34 35 628. 62
At 16 664. 17 28 612.98 13 073. 06 50 909. 90 23 046. 23 39 273.11
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Table 5 Carbon Emissions per Pole per Year by Stage
Az i A 4] L g/ 5 HRE B A1 3k B/ g% L/ Ja 1,
B Be (kgCOye) (kgCOye) (kgCOye) (kgCOye) (kgCOye) (kgCOye)
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A5 0.55 0.51 0.09 0.45 0. 06 0.08
B2-B5 6. 00 6.54 3.07 0.59 3.36 1.16
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Table 6 Carbon reduction performance by strategy for sample road lighting systems
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