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ABSTRACT

In line with global '2050 Net Zero Emission' goals, the transportation
sector's pivotal role as a major emitter has increased the emphasis on vehicle
electrification. However, existing research mainly focuses on carbon emissions
from four-wheeled vehicles, leaving a gap regarding two-wheeled vehicles. This
study addresses this gap by developing a comprehensive scooter fleet model that
predicts future scooter ownership, energy consumption, and greenhouse gas
emissions, considering socioeconomic factors and fuel lifecycle assessment.
With Taiwan's distinction as the nation with the world's highest scooter density
and considering the close political and economic ties between China and
Taiwan, particularly within the field of significant scooter-producing nations,
this study focuses on these two countries. Research findings indicate Taiwan's
clearer timeline for phasing out fuel-powered scooters. However, despite these
policies, the scooter sector is projected to emit 1.005 million metric tons of
greenhouse gases directly, surpassing policy expectations and hindering
Taiwan's 2050 net-zero emissions goal. Based on the unique characteristics of
Taiwan's and China's scooter markets, this study proposes relevant
recommendations to facilitate Taiwan's transition towards becoming a
sustainable model for two-wheeled transportation, aligning with broader
economiic trends in Asia.

Key Words: Net-zero emissions; Vehicle fleet model; Scooter, Transportation
electrification, Life-cycle assessment; Sustainability transitions
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HERCRETBANT + 2000 % 2018 4ERIAMSIRESERIHL R 43% » AR IBEAIERER 38% (6
iz 1) o BRSBTS AR B BT RSB A A LRl » AR R e
EURIEA 2030 4F (PEE © (R © TTHEE) 2040 4F (2R DI AE) AVERGHEEGE
B IPCC A RIS B A XGRS S =M (RIREIRSE) (ARG Climate Change
2022: Mitigation of Climate Change) » $8H4E BB LAEE LI IR TE T i) T
@ o

AT PR B b FEle e 5+ TR B B R - o g B B A EGRH FR R
(RI BB o CRBRIRTI R oy W (] SR A S A LA T AR A~ 658 ~ 9
BEIES AR  ERHTHEIEEA A R (Scooter Stock) ~ REVRHIF ~ HiHik%
BT LT TR SRR R [ B R i B S A B S e B 1
w5 o H BRI B ~ e - AT TREEORIE] - SR i S bk A A -
TR AR I A 2B BT ~ 2SR5 E ~ Wi BI S - ARk HE E
ELSHEHERAREBCRAITTE) - 141 - AR BRI (R B - B BE A 22 05 9 UK, -
TEE AR o B - FE RS YR A RO B R R R 5
SR o R R AT EL TS AR SR B AR ZE R (Lai and Brimblecombe
By o LK1 B B o R i BB A (Black Carbon) 125 7 8 28 14 /5 # ¥ (Volatile Organic
Compounds [VOCs)) » WiEd KE R E#HRIE (Secondary Organic Aerosols [SOA]) » ¥i2
B R B SR B B AT - TR T B TSR o S AL (Platt et al.
1Y o BRIHERLF & R Z2 R T R i T B - B T AR T YL 2 8 TR e 22 - J
FHBIRS S TR AR » EL A M PERAE - DRILS & VE R AR A I IR T e i B 2
SRR R B -

B R D BRI A SRR - RSB AR SRR » B 2022 45 8 Hik - =
FE R TR S A 1434 B - 91T 100 ARE 62 WEE - FuiERk T2 2050 B
e (BxmEEag ) o ZSmE 2022 4F 11 HHEH 2030 FiT @A H R AKHES
FIEEENL » 2040 4EFERh/ N& B R H TSR 100925 2 » DSBS b ; hEk
M BIRENEE . —  HES TR ENE - BERH H AT T 2SR
PR RETBGRIERE - 0 2019 ErhERBYE (BENEITHELERMHER) - SR - 2
T BRI TSRS AR B » BRI 2020 4E 9 A% 75 B GBIAR IERE
i 72030 SERTEBIBSRIE 2060 ERTEBIRR , & HAE - BT EE L RIAR AT
SBEG S .

R BRI 3 TS R RN » o R BREEFE B R 1 80% ~ RERWIHAE S B 90% 1
b R R RS R AT RIS TR L BB R A 2 S 1 D E L -
HAERA SIS B BN THi# (Bccarius and Lu ' ; Kurniawan et al. "' ; Velasquez and
Eisenbeiss ! ; IDTechEx [9]) » B EEEE AR E G HHE TR (Chien et al. o1,
Tsai et al. ") » {H h BB B TS HBIRE TEHI 25 Sk Z AU ZRS - HOBHRAIT E IR %
BRI » IEZBIE o £ LT - ARBFFEERF Tsai et al. ! B #E & BB REAL
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SRR DIBSEHER AR A (Scooter Fleet Model) B4 amEHAZEAY (Life Cycle Assessment
[LCA]) i E(Hlm (Well-to-Wheels [WTW]) THIHI 2050 528 ki -h g B o AR 2
= RASHHUCREIRBE I TETE - 23 HlEREH ARG (Reference Scenario) B 2T S5 B L G
(BEV Scenario) » DU tgatkei BB LAVHHIKELREREE /T - I S i R AH R R i 2Ky
BB o ARWFSE BRI TGRSR » (b BB BERA Bt e A s B B b
Bk DFEEGERA PR S HRA RS -

— ~ NRK[ElEE
2.1 A& BHAEE(E — hF B EER (Well-to-Wheel ; WTW)

A e B IETAL R G A o ~ AR B A R A A s B N BT B 1 s 2 HOMREE e
JERPRHERY ~ AR ~ SElm ~ B SIS EE I SRR R EARS B, » H B IR AT 8 R
HUEIRIHFE ~ BEVRBE AT AHR - 5 Bhl e K R R A S BRI A 2% (United
Nations Environment Programme [UNEP] ") s f2 I EJERY 1969 4 FHZEE AT LI AT 4%/\ 5] ZEE
W52 (Hunt and Franklin 1) » §A 1990 4E4% B psER S B B Bl (L B0 88@r (The Society of
Environmental Toxicology and Chemistry [SETAC]) 1EREF * £F 2000 fEFij% » BRIEREHEAL,
#H#% (International Organization for Standardization [ISO]) IE=0EF LCA %1 A 1SO14040 [F [
# o faH LCA 2 —EsetmAIsHEE SR A e i A ~ B~ B R BRI En
Jiid e

HEL AR A A E IS » AT AR EEAL A B B A e A R I B RE U T RE R BRI T BB
Bl » ¥ HEIRBRER ~ B ~ S - fEF - S ECDUR R EE A - H A A B EERY R
ZANFIE AR ~ BEVRARIFE AR FE B IR ] - WO B L RN FE TR BRI TR
B ASE FURAERE B R ) » S A P AR I AH ARG TR =R » 8
EREMFRER NP —E B HER R 7% - HRTEHER 20 254 arEIHEHE
RS, FEEAS TR Boustead ~ RS Umberto ~ k1Y EcoPro DK ZEEHY GREET
(Greenhouse gases, Regulated Emissions, and Energy use in Technologies) ¥ - GREET FHZERK
P B B B% = (Argonne National Laboratory) Frfa# » J&—sK S IEt Bl AR FHim s
FIRREHY LCA #kiE - #EIZE R E B BRI S BIRTE - & BAmt - nIE AR ami
IRTAL A BRI A e 1l — el & /K A A PR B P B KBRS T T H » T B =2 R
TRERISCRF N - AP EERER S 2B BT - B 2013 55 [HE LRI BB R B =Y
GREET fRAEITEEAR AT - 5 T 28 i A amBIRTAS o 8RR it 2
BRASEAYBPEI RS - P2 BIA E iME—RESH A+ B T oo B AR an IR T2 - 1
Tsai et al. " J#EF GREET B2 - (LAGHEAY » H 25 S B B e i oS P R G T
TEIH R BRE B RETR BOR < s e -

LCA #¢E7Z FIA FE AN R SRR REVR T 3K ~ 22500 T Bep Blif == Sa AR (Dai et al.
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415 Hollingsworth et al. ' ; Wang et al. %) » S LIENZEEE » B REEEEHK
SR EE ELEEERHR » O T ST A E A S T sk EVEAE R 2 - SR B 2 i I
BR A EE TS By (Marmiroli et al. U7y o i > T iHpH-E (e | (Well-to-Wheel [WTW])
ST LCA JEFTAZOMEEMTIIRA IR » SRR AR - A RElsny ke
B > N B E B B (Prussi et al. ') o WTW S3AR Al o3y i S04

(Well-to-Tank [WTT]) %0 " jii#5%| =G , (Tank-to-Wheel [TTW]) Wif5E: (Demirdoven and
Deutch ') 5 Ajanovic Py » HF 5T REIEIOZERE © BROR © SEE o DUR SASE BT [Pk
fEf3EfE (EU Science Hub ') » 1@ 1 fivr -

b It B s 4
(Well to Tank, WTT)

s, AA | &4 A& | EW O wH , EAN _, i%
(Well) @ ktt Ansukk £AME A (Tank)  feiRiEse  (Wheel)

w_/

WIWsigst % © s 46 50 284
L AE BT R E ( Tank to Wheel, TTW )
2BEAMBKRE

1 BRI EED - SBHEBRFE (WTT) EHFERIEER (TTW) MPEEL (2#% B EU Science
Hub 1)

22 HEBERFE

gAY (Vehicle Fleet Model) ZREEE A SR B 135 + BEIZ JHE R A TR R R RETR AL HE
Ji%» DAY FRASE BRI KIS 2 iR ARIT9E S MIT FLEET 4 (Bandivadekar
(221, LEVERS &% (Yang et al. ') » Greene et al. **! ¢ 2010 4EA4 BB S R0 - 552
BT ERY TR - THNR FITE SRS N iR & - 35 &~ REIRTEK - HF
S - DIEEHHREAL B R L TR ~ 1TBEFRK ~ BIREETUGERNIALE » R HEIRA
RERRR R KA 2 i 2 Horh TR & (Stock) ) FROVZFEHIE AP O & aC /M HLi
R 0 B A B — I B (o P R B T RO B R < A - BRI EER B
FEWHREFF L E & LA B BRI AHR B8 - 211 GREET ~ Autonomie » PSAT » [
Je VISION (ZEfEhy ) » |-t AU G SE BIAEIRES « SERIEITES « Y T3 LU SR IRt
FE N BKEFEARSTEIAT o ARIMAZ BFHIEET H AN S RlmE » SO B
GRS AR A Vi B Ry [ .+ BE TR THE R TR E A R -

B A B B A TR SORGEE R L 5 - Horp T 738 (Ownership Rate) ; ;2f5
HF—EHASE R E R B R ETAG — (8 S B B R AR A T A
FIEE - 1 T FAHE=R (Ownership Probability) | IRy RS S0 A BEABEERAY ATRENE - HER
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TSRO AET T A B BRI RIS A KSR A BB B RO FR K » T R BRI E B
TS HT © ACHEESHEIRITIET Y (FRBEIMS R R R 2 i) B RSP A8
FREE -~ 18 BREA N AR TAE AN IR A8 - DR S M R A v 7 A mL A P AR - BRI
IR ERFPA T KRB BEEEERI A A ErH R AR - K ERE
B R IR R A T B - ISR R - BRsc PT RIE iR R
BIELHR © LN ELFRS3AT (Poisson Distribution) #1752 1B B A B 6= -SRI
PURIERTZEt6E R T K FER - BPN ~ Gompertz JER VL MBS AR S SR U 12 - 2350
R T AR R - RIPEBUGI Fra SETHREIEAY - £/ 1974 428 2002
Ry EEE AR ESE - EARA - REEREREHE - KERAFEBYE
b EITEARR S ST ARSI NEH] » S DASEH B R A TEHAR A » RSB ¥
18] AR B2 Y b B IR 2 S TR - VUM TR A B - 2R EE ™ DU T it
SLERERERE - ZALTT ~ 2 S B R R - g R e E R A R
ZEEPGERTE ~ N~ RSB ZFEA S » DI AT TS An S e R
HETR il = FAHRR M = T A A IR P TR - BRI SEEE R - EL R P TSRS R
BEEH  BERGEAINZGEE . 2hiE R EIS S - B EE R
TFRARIF @I IR R ST I R M E NS RN 2SR R -

[BIBGE LR R B R - F SRR Ry ¢ AT ~ FNfS - RS o A1
B - NOVEEE ~ N8 gREA TS P8GR 5 ARS8 - wISicRnts ~ SHa AR
RAE ~ A9 GDP %5 5 {EFSEEAN - BIRESEI9EE - FIEROR ~ 2888 HEEYIE
R EEYEFEHE - Gompertz RHE (S Hi) KK I HBA AL S 7 AN F (4
A$7 GDP ~ ASGWAFIEIE S J)) BasRRim g - [HE Rt E R O 20vdhitE &
BB RS (Hsu %) o Nishitateno and Burke B Bl Chu et al. % $5H! » B2 n] S B A
e EAEEE SR CINE - EAEDE FUYE 2 S BAGEHT OB - S AR s T8
U #Ufh#R Inverse U relationship | By " EEFTHEJEE 44 V2 2K li#R Motorcycle Kuznets Curve | » [
Tsai et al. ' HSE RS E B EAOM A B R SRR A R B S s R S B
U B2 Btk - HEBIMSMERAFEYS R - MASESES TR BRI/ o AF7Ens P
TR 218 B AR AN I DAGR%E - B (EOR A BE TR (Scooter) » ARIBEN A IE 73 R AT B
(Internal Combustion Engine Vehicle [ICEV]) BiEE#f%HE (Battery Electric Vehicle [BEV]) »
AR R [ ZE R+ AR BB EE TS5 Ry LU 52 - DIFIIA 2 R AR EBOR 2 2 - (A
IRF A [ B B B O AR 8 Fr F R L K

= MRAGEEERE
3.1 HEBEEEE - REEIREL

ARWRFERER Tsai et al. ! by BEHSE ISEIR ARG R AR BB - SEAT 7 R3S
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BUACBUETE o BRI - FRIFTIA 2021 457 2022 FERY S ETELMEEEEA - WISHTSehER
FErRETYS - EANTRAZ TR » 3580 ST B FR T A BB RS » BeR
ORI S EYE - [ 2 R T AR B S BRI S » 15 - PR BRL riiite
S ERB A S A B - AR S AR B RS FAERE BLAL - BIASSE S AR ~ B
eEt S - (RIS A SRR E R S B THERS - 335 SRR PR R B
ATFFEETAL T IR B S A FAAS IR N SR 2= RO

SRR » FAPEMEAIh TEBNS A TTW BEEYAEENEE | ABELEST
TR o FUABRIT - Tsai et al. ! (SRR IHPSEAASIENSEE R E - B2 TR RATRA
(bR o SRT » He#E Helmers and Marx ¥ B Albatayneh et al. **! $8H » BB BN ST
BERSES - (e ASIENEE « by T S EL RS A B B A AR G FIRIAH RS - BT
THABEEF TR B T A TR HE MG HR T AR BGR  E R B SR R B
f GERERT4.2)

ATFFEEREENA ICEV FI BEV RIAMKEIERD - BRI T BEEE | TERT R i aE 2 5
(EHUS A - SRR AL IR GEES AR 2R (P REASER ) ek T RE
HUgkE | o hEHRE (EEIELETZ S RMEE) (R A RSEAZES BY) 5k
MUSEEEFCE | o W ER I ARBEERE T A R E B o L e IR A
A~ EJEF5# (Gini Index) ~ A IFIBIA A EFEER (Gross Domestic Product [GDP]) SEAYEZ
2 A RIB ST EE SRR E N o K - ATFEHR A Rk G R & R
(Bootstrap Confidence Intervals) S 77 M 8IS/ 7r » DURTETEHIB R G & K
WRER B A R E R -
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3.2 HEIRHE

321 HERBE

B TR EE R REERCCAE » BB A R B A &R ORI TZ
F@EkE St & F97 (Chinese General Social Survey [CGSS]) & FIFNAE S EIZ PRI
ATRELL R B Ay B R - IO SRS - BER S AR S S nT e A e - 1
ACIEFTE EI A B A e B R E BT - FESE v SRCIARYY - B TR R R S T2k
5 B R EEAESR B U B - B AE R (PS) » By rlSZR A S ED () FIEGEIA
7R AEAA I A A2 B ] ST B P A B AR () (Z3FeRE - T AR SR A T3 1 HY
HEEBRZXFREZES KTHEEWMA SR » 1= (1) :

PS; = P [, ;()y(x)d(x) )]

Hr o

PS; : B i E B E B

Pt B 1 AIHEEY

W= LI UN

I+ 55 1 AR AT STRCIOA S AT A B

y : #&HRAH=R (Ownership Probability) Bi A 5 A] SECICA R BHER

PEEHE R (S) BEFIE A BIKERE - 4020 (2) - HlEA (SY) FoR ARG IS 2 =
WO R - TIKEE T (S®) NIBREE AR - ZMBEEAEE  AIRRgE %S
SCRRER F — 22 WOm R bF B (Two-Parameter Logistic Function) ' 4158 (5) » % BAATE R
HI2% (BEEERHISRENE) - £ 13 FRIHEMHERE GZEGRHE 2013 45 H 1 Hi
A7) o TSR ) A S RER I HERS - 1 A R B B i A e S R B L - B
FEARE S T BRI S5 e AR 1 o

S; =SV + SR @)
SN = PS; + P5;_, 3)
S =Xj=1Si-j (SRij-1 = SRy ) )
SR;j =1/(1+ aexp(b X j)) %)
Hrp o

SR ; + 5 1 RRUBE AR EL G j UK BRI 0%
322 AIREWAR T

mEwrgeR e o (E R RES i (Log-Normal Distribution) ~ fii#434fi (Gamma
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Distribution)~ Z{[43 47 (Weibull Distribution)~ ¥} ##H#E 231 (Log-Logistic Distribution ; Fisk)
Bl HIE3AT (Beta Distribution) & RAY A G EAG » DUAEGE@ IR A .2 £
J7ER7% (MSE) fESSGR B R B 52 - R EL AT SEHs R AU 17 =28 Bl o ] 2 A o3 Ak
& (6) -

=

oy G/t
f&iab) =26 o ©)
Hoft

x : ASTR] SR

a,b : A REZ

AR S AR B PRI L AT PISCBCOA (M) RIEHERREK () » I (7) ~ (8) Bifie i
B EIRA E R Z WA AGTE - DL EER R - H 2020 FHEME 2050 £ - i L8
15 2N E YA T e LA R B B B R TR

G=1/b (7
M = am/(bsin(m/b)) 3

323 WMEBERFAHEEK

WA B L2 HY . EEREIK 7 (Hsich et al. B7; Chu et al. ¥ ; Tsai et al. ') »
AAFELL Gamma Distribution fJIT_EH $8OE DR A% B R A #%2  (Ownership Probability) Ed
WA Z RSN U BafR » 2020 (9) » Gamma Z3Afifiial 1 5@ REt A iR 1 - IHFRE
JE4347 (Negative Binomial Distribution) g A B SE BAIRTE » [XIILE B S A TERUBE ERLRF
AR » WEIN—5 SRR ORI SRR B ERLAE 528 K B et e
LEER -

_ Boxlexp(=px)
v =——7 )
Hrpr -

x + ANETR SR
a,b : A REZE
y : BEARE R
C : H¥oE

3.3 WHCEEREER
it (Bootstrapping) Jii H Y 1979 - FH3EE#iE 155 Bradley Efron 232 Annals of
Statistics) > HEEIZMERIAMIETER « ERE2REMBEE T FE - & — MGG LRRbEE
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Jitk - FIRAEHRAHE T AT - (EEAIRVEA R T TR Rl rRhA - eSS
RHIE 2B AR DU HANEE T » AWTFERG 2218 b BB s A 0 FH I BRHER 70 J0 aki 20
AHIER IR AGTRA - 25T 100 KAk - [Al— BBl REAE B Atk h 2K - AWTFess
FERHER BT ET TRl - FERRE 2 GETR 9SY B - RISREEAHEEE - DA
AR TR < B -

3.4 BEREKILEERBEHEM

BREHE G (WTW) 5387 R] 53Ry TIoHFERmAE o (WTT) FI T ilda S sHilg , (TTW) /R
FEE% (Demirdoven and Deutch ' ; Ajanovic 2%) » WTT ByfelE ER BIER B R E AL S - {Hif -
it CENIHBEE A EAE) » ifi TTW Rk EREET THE 2 ORI AE - S8R 2 B RERE IR
H (Errw) HHEIRRA & (V) ~ #RERER (FCR) ~ 1THARE (VKT) 3RS - 20X (10)

ETTW,E — Z ETTW,i,R = Z Z Vi,i 'Si,j,k . FCRi,j,k * VKTi,j
» 5 (10)

Hep

Vi R j R R

Siju © 55 1 AEIELIAEIE k Bl IRg | R (A RS

FCRyjx * 55 1 SENSLIREIR k Rl Jui j BRE SRR

VKT, ; : 55 1 4R § SR 1 T FL B

BRI R SR B B2 S e BCRE  11.0 (Taiwan Emission Data
System 11.0 [TEDS 11.0]) » AU HRHIE AR FEIFILATHE S THIIE (Wang et al.
381, Peng et al. B9 Tsai et al. [”]) s RIS BIARSE Weiss et al. 0 Frigeis, s sy iy (fi)
HEI TR BRI ) BRI THERS - PG4TI ELRZ (Vehicle Kilometers Traveled
[VKT]) SEI i fFERb BR (R 5 - I s BURRSE Cherry M) 2R 8dE - 3 1 Ry
YR S R B A 1T B L B+ Ao L Bl R MRS CR B 4 By kL B
km/kWh -

k1 EEMEPBENANEREFTHRARE

g | PRIFZER (Fuel Efficiency) FEATERN E
2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050 | (Annual VKT)
L. | Rl | 2317 | 23.51 | 23.86 | 24.22 | 2459 | 2497 | 2534 6385
=R TEHE) | 27.08 | 2838 | 29.68 | 30.98 | 31.68 | 32.39 | 33.10 6385
MR | 33.59 | 3422 | 34.87 | 3554 | 3621 | 36.90 | 37.60 4300
i TEE) | 2625 | 27.18 | 28.15 | 29.15 | 30.18 | 31.25 | 32.36 3000
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WTW BEIFFE KB = R AR HRGT Fan=X (11) ~ (12) o iRt AR B — s EhFE
(WTT) HIRETR 2 S RE AR =2 B AR T B2 B8 - 35 ] GREET-Taiwan f5i%1 ',
HENEE M ERF B E IS GREET &1 » B S e b DU B EZ By R B R
BRI - BB AL 2 R e S A Y FRTEIS T BT RS AR T E 2050 tE55E
ATFHARRIANG L+ TP B R R I P B B M S THE R (AL ™5 Bl
4415 Zheng et al. ™) o AKRff5E. EHGIREEERE (Carbon Intensity) EIEWHES - RIFET
FEAE T AR S R A LU - AR B E . TS |, RSB E R
R (BEAT Ry gCO2e/ kWh) KEREZE W] P AR RER BT AU FFAE A8 R 2 Ik - e B als
3 AR > EREE T B — AR R s (TTW) BYRERHFE T R R R & SRR
FEBRIRREL SRR -

Ewrw,i = Z Ewrw,ix = Z(Eww,i,k 'EIWIT,i.k+ETTW,i,k)
GH GWTW,[ = Z GH GWTW,i,k = Z(ET’I‘W,L',I( g FWTW,i,k)
k k (12)

1000
= 900

< 800
700
£ 600
500
< 400
. 300

200

100 t } t } + } + t t } + } + }
2010 2015 2020 2025 2030 2035 2040 2045

e, 1 [ B W T — L W]

3 EEMPBEESE "RHRIHFE WIT, REREEHINE (B : gCO2/ kWh)

35 WEBBCHEEEE
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