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The Environmental Efficiency Evaluation of Private Vehicles
with Alternative Energies

Yi-Jou Wu
Ching-Chih Chang

Department of Transportation and Communication Management Science

SUMMARY

This study examines the life cycle carbon footprint of greenhouse gases and PMz s
emissions of alternative energies (wind power, hydropower, solar energy, and hydrogen
energy) and of traditional energies (coal-fired power, natural gas, and gasoline) and
proposes mitigation strategies to reduce global warming and the air pollution caused by
Taiwan’s private vehicles. The study then assesses the degree to which emissions are
reduced if the goals of Taiwan’s the Intended Nationally Determined Contribution and
the Greenhouse Gas Reduction and Management Act mitigation strategies are met by
2030 and 2050. Finally, the study explores the external environmental health costs of
the private vehicle (based on Disability-Adjusted Life Year) and the degree to which
improvements occur.

Results show that wind power has the lowest level of greenhouse gas emissions and
coal-fired power has the highest. The mitigation strategy for 2030 means that low-
emission vehicles will replace 30% of gasoline vehicles, and using 35% of alternative
energies and 65% of traditional energies; GHG emissions and PM2s will decrease by
6,079,900 tons and 403.72 tons compared to 2005; and external environmental health
costs will improve by 188.79 DALY compared with BAU2030. In 2050, low-emissions
vehicles will replace 60% of gasoline vehicles; 86% of traditional energy will replace
alternative energy; GHG and PM2s emissions will decrease by 18,042,800 tons and
403.72 tons compared to 2005; and external environmental health costs will improve
by 447.31 DALY compared with BAU2050.

Keywords: Alternative energy, External Environmental Health Cost, GHG and
PM:z.semission, Life Cycle Assessment, Private vehicles
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Introduction

In recent years, the use of private vehicles has exacerbated the global greenhouse effect
and air pollution, resulting in extensive impacts on the environment and human health,
so it is important to reduce global warming and the air pollution caused by private
vehicles. According to the International Energy Agency (2017), each country must
establish Nationally Determined Contributions (NDC) and promote the use of low-
emission vehicles in order to meet a 2°C scenario (2DS). For human health, the World
Health Organization revealed air quality guidelines for PM2s suggesting that the
average annual concentrations of PM2.s should be less than 10pg/m? and the average
concentration every 24 hours should be less than 50ug/m?. To reduce overall emissions
from private vehicles, some studies have indicated that traditional energy must be
replaced by alternative energy. For example, Patterson et al. (2014) mention that, for
low-emissions vehicles, using alternative energy produced by hydrogen rather than
coal-fired energy can reduce large amounts of GHG emissions; Quek et al. (2018)
indicate that coal-fired energy has the highest GWP and solar energy has the lowest
GWP. This study suggests using alternative energy to replace traditional energy.
Regarding PM:2s and external environmental health costs, the highest emissions of
PM2s cause health risks. For example, Gao et al. (2018) mention that the high
concentration of PMz s in the electricity sector cause high external environmental health
costs. Decreasing the PM2 s concentration in the electricity sector will reduce the years

of life lost in China and India.

According to Taipower (2020), in 2018 coal-fired energy was still the main electricity
source at about 82.2%, followed by nuclear power at about 11.44%, and alternative
energy at only 4.9%. For private vehicle emissions in all transportation sectors, private
vehicles emit about 75% of greenhouses gases emissions based on the Institute of
Transportation, MOTC (2019). Thus, it is necessary to propose mitigation strategies to

enhance the use of alternative energies and low-emissions vehicles.

Regarding the mitigation strategies for private vehicles in this study, the following are
included: (1) an assumed market share of low-emission vehicles replacing gasoline
vehicles from 2030 to 2050, and (2) an assumed electricity scenario of renewable
energy and non-renewable energy to evaluate greenhouse gas and PMa.s emissions. This
study also estimates the external environmental health costs caused by PM2.s emissions.
The mitigation strategies are divided into two time periods. The 2030 strategy is based
on the Intended Nationally Determined Contribution, and the goal is to reduce 80% of
greenhouse gas emissions in 2030 compared to 2005. The 2050 strategy is based on the
Greenhouse Gas Reduction and Management Act, and the target is to reduce 50% of
greenhouse gas emissions in 2050 compared to 2005. Although neither of the policies
v
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controls PM2 5 emissions, this study uses two regulations to evaluate PMa.s. Lastly, after
targeting the standards of the Intended Nationally Determined Contribution and the
Greenhouse Gas Reduction and Management Act as the reduction goals, the
improvements of the external environmental health costs are determined (based on
DALY).

Materials and Methods

This study applies a life cycle assessment to evaluate the carbon footprint of
alternative and traditional energies. Moreover, this study also uses fuel
consumption as data activities from the annual sales of gasoline at petrol stations
to calculate private vehicle greenhouse gases and PM2.s emissions in 2030 and
2050. At last, PM2s emissions are quantified into external environmental health
costs to evaluate the improvement of health quality based on DALY. The
methodology and relevant information referred to Simapro 9.0, GREET2019,
Zeng (2005), Schleisner (2000), Atilgan and Azapagic (2016), Hondo (2005),
Odeh et al. (2008), Wu (2010), Agrawal et al. (2013), Ghandehariun and Kumar
(2016), and Bureau of Energy, Ministry of Economic Affairs.

Result and Discussion

The results show that among alternative energy, wind power has the lowest GHG
emissions, followed by hydropower, hydrogen, and solar energy. Among
traditional energy, coal-fired energy has the highest GHG emissions, followed by

natural gas energy and gasoline.

According to the scenario analyses, the mitigation strategies in 2030 are the
following: low-emission vehicles replace 30% of gasoline vehicles, and using
35% of alternative energies and 65% of traditional energies, which can cause a
21% and 28% reduction for GHG and PM2s compared to 2005. The 2050
strategies are the following: low-emissions vehicles replace 60% of gasoline
vehicles, 86% of traditional energy will replace alternative energy, which can
cause a 61% and 59% reduction for GHG and PM2.s compared to 2005.

Lastly, this study applies the PM2.s external environmental health costs (based on
DALY) to evaluate the health impact of private vehicles under the mitigation
strategies. The results show that compared to BAU2030 and BAU2050, the

external environmental health costs can improve 22% and 55%, respectively.

doi:10.6844/NCKU202000810



CONCLUSION

Private vehicles cause large amounts of greenhouse gas and PMa.s emissions in Taiwan,
so more attention must be paid to global warming, air pollution, and health. This current
study explores the life cycle carbon footprint of private vehicle energies (gasoline,
electricity, and hydrogen), develops mitigation strategies for greenhouse gas and PMas
emissions and external environmental health costs, and achieves the goals of the INDC
and GGRMA under the regulations of 2030 and 2050.

To conclude, if Taiwan applies these research emission reduction strategies to private
vehicles, it will not only greatly reduce emissions but also improve external

environmental health costs and provide a clean and healthy environment for Taiwan.
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ww?ﬁ%ﬁ%ﬁoﬁiﬁ%ﬂ’&JMSEM$4%?wm%ﬁ;’£

CHAF TR B F(233%) k4 # T (14.4%) % 2 F i H T (0.1%)
P B 17 o kA BT RS AR A R4

RECEREEFMERE I AIMER R TR L
(BZFWPFE2 FRENEFRREBEEFEF EZFfHEEZRT R

N

2018)dn H R EFREL A L2 E P RESBRREL F 3 B AERF A
A
E

P
P RREEF AR EP RS &

FHE - 2R EF P

2050 &8 3 F MR E L 2005 £8 3 F MW E S0%N0T o
Flt o AR AE R R AR S AR RGTE R

ABETNRRFEFD)EFANR (THA Rk B R)ad A
FREEE F Mg > TEFFT AN B GRS G AT o ik
B -F o QLI =T I b R O R - T G E R B - o R

2. T 42030 £ 04 2 2050 #£UF F F B R iAo g 2 L R
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A 4 @ A 4 & (Disability Adjusted Life Years, DALY )i “F R 5
BhLEFAER o FABE R E S REF T L LB R

ORISR AN PMu R 2 AR LR S

1%

11.39%

® Industry = Transport = Energy Building = Service industry = Agriculture

FAL kR E AR RS R % (2019)

m Sedan = Motorbike = freight vehicle Van = truck

Bl 15 4485 uped

FA kR ¢ 2RE R T 47(2019)
p )

(o]
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4.90% 1 40%

= Renewable energy = Pumping storage = Thermal power = Nuclear power

s

o

B 16107 &4 7 4 s B £

Rl

FTHRIR D SBT4 2701

\O

)

0.10%

m Solar energy = Wind power = Hydro power = Biomass energy = landfill biogas
B 17107 &1 4 i Rs R £ B
FHKR D ST 4 2 7(2019)
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13. =% P ¢h

AN VTHEFEREIFFIFREATEE AT 2 P s

1. &% [SO14040~1SO14067:2018 2 PAS2050:2011 #5345 v iz 4 &
AL o AT BB AL RGN SRR FR X ARG FR)
FEGRCBR kA BT R m 2 En) PALAEFTELEL
s RS IR SRS FIP S EE G E N

2. FRELEHEY AP LR NG LR FER(RTS 7RI TR
ﬁ<£§$ﬁﬁ§£%g%>iﬁﬁ%ﬁ’iﬁﬁwﬁﬁiﬂﬁﬁf
2030 & £ 2050 #iF % f WA wRIFHCR PR R TR

IR RS

z

ﬂ\—u

Ft‘

- g

P
)

3. #F* A A K4 & & (Disability Adjusted Life Year) 5 3% & “F 303k 5 i
B

SR R 0 RER AR B LR R H
/g'ﬁ\"%\'ﬂ\nt;—d’ﬁfi

L4, % %4

B 17 & AR ﬁi¥ FLEHPEP AT LT HE
FrE@zEmy p ol 2@y 2
AERRRAT 2 RF A FERRAT YRR Y 2 AW
BaCRCT - ks w\iﬁﬁvgw«@g% PIMBR A ALTR S S ZF LAY
BB EY A AEPEFRREPE 2L A8E A2
ZOFERAATTLIRBERE AP B ARTI R RIAFLZ 5%

% fp btk -

10

doi:10.6844/NCKU202000810



TR B2 Pen

é}%‘%‘}’éﬁ

B AR A

L
THEBEE AR FTER LT AR
iy

i AT o XA

wﬁﬁ@n:ﬁ%%Wé:r%*%?#iﬁw@%wm,ﬁsﬁwﬁwz
% o Z AL 2Tk B EHLBEH LRI RLRFRY K
BB g oo X0 AR R L G g oo FHA R TRk T AT
FEALEFRRRCRA FT ABAF T R AFETE LN AEY
B > T H NG EE > A ST Y A T F T R R R
W ~ FEHRFE2 TR IR R G 2 PP T L AP 2R
PR e AAF BT 22030 2 2050 £FF EFLEEF AR
oo e L AR R ERR L E A R (B RS ) 2 (]
EFMBREZ FILE) 2 PR HEFF AR bR &
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* 4 g3 4 & (Disability Adjusted Life Year) 3 4% & “F 305k 3 2 B = &
H i A# %“F—T v 2| F) @ 5 Aok (Particulate Matter, PMos) #7318 = e14 4%

DA bk AR L MR R S A IFR -
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i@iéﬁ?@#&pz%%&’¥—%9é§@ﬁ%é§1¢%?
BEDH 2N SFRRRAT LY TR B3N8 5 R 4 AR

o MR B 1&&@1@%&@@; Fow IR L HA R IRTE L A ARG 2
ird

«
=
A—.,

3
=
i
beics
&
:4)
>
«
(“
=R
/1-.
%jﬂ
IS
o
e

20 FHRAMAEE LY R AR

Patterson et al. (2014)14 4 & ¥ #p ;2 (life cycle assessment)~ 17 3% B & *
LRk R BR)AL AR R(VAF )AL BT R BB

ﬁé’ﬁ%¥i*iéﬁwﬂfﬁwwaopm“%%7’ﬁi?ﬁﬂﬁ

Posso & Zambrano (2014)4 454 p shd i * TR R A 2 B+ o T
W AR kA E AR A BT AT AT 0 VEARRR NG D
AL Z RS e A T HBRE AR E - FLREHT 0 Z AT AR
A3 BE 5 2073x10 '"kWh/year » 2 ¢ B #F 7 Az 1.968x10 °
kWh/year #38 » 5} 95%;:H =x ] Al-k+ # T A& 7.134x10% 9 } 3.4%;
boit# 7 A 2 3.303x108kWh/year 4 » X 1.6% ° F]p » T’Fiﬁééii R
HREFHERELTECBRFRTAL I B RER > B BEAF T
Fiiw A2 MR EEHRT AT R %’ﬁtbiﬁ""" PR AL B e
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Ghandehariun & Kumar (2016)2 4 &3¥Hp 2 2 Q3 EFG R 4 3 7

A & FRp g e £Ee T (DA HET L QR &

Hﬂr
w}
)

(Ql%rﬁ£@1'@ﬁ AHTE LA AR R R F M RE LD

—E

FHBACERHEAL R REV R TR S ERRAY
B4RETRAAL S BA LT F AR T (65%) ﬁq;fgﬁﬁ

(22%)frd # ﬁ"] (6%)0‘“4’55’“4%"7iﬁ VbAoA &

F\a
fek
)
cd
3

o
H\

£ 5 0.68+0.05kgCO2eq/kg: 35 @it & R A & % 4 94%. 7t
ERFFLEE F W RSP TS 2R kR X R
B d B R HERBE DR

Abdin & Mérida (2019)F]* B iF “4FF 23R T B TG £ < HTRE AL HE -
EREESNEF BRI LR A AR R Y TN R L AR

Bae ~hae ~ BB ehi)FR % Ad Fwhs MG BPETHE RIS

=

TR R B TR ERT R ERR ARG RS BT RER
PAREI) T EERET T A ROIE RS A RE B A R
FRMG RS A FPERE T FARRELE S AT EETET 0 T
BV d Ay Rk BRI RS R SR A Rk Se RO e R & B
MERARBRA AT RPN AT A BRI T LI EDNIRER

Ayodele et al. (2019)~ 4732 2 L& s+ R * 25 # T A3 HE
Ben B 3 By Tnigd R kR MBI EAILA R T
SRR TR A VSH TR R BRI R

MRERE T REEA > 52 5T 330 Bt 4T A 4

hasy
I
)

ETIRS

A1 F o 530 HFREE 291,946 § KWhehd 4 o8 5 % 7
B EART R R R R T E G E X 7446000 2 %) £ 14.80
3409 41,075,587 2 7) 5 B A MER S G > 97 RS 16,031,000 + 5
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CO; £ 45477,000 + 3. CO - Tyt » iE X2k & 1L @ ¥ B g i f 4
THRBAGT > NEIRE AT > DY AAE R AL TS

'iE"f”FFB’EE°
22 FRRRAR L v hR

Queketal. (2018)~ #7 RT4e s I * 28 ~ T ~ X R F ~ HELE ~ S B
AR FFRHEHBRRDOPE EY 2 GRWE L AT T KRR R
g AT R 5] WAEeE R Fedgthe 7 2R BERE
(GWP)> et B4 (AP)> 5 % % (VB4 (EP) fv % #14 {48+ (HTP)-
FLE%pN R 53 HGWP B S a2 %K S B2z f
SIGWP AP M AP 2 % i f BB H=x 53 2 % JHTP » 6 % 5.3 >
B 5%2 SHBa EP 6 iR kg R G R F T TR
A BRE BN R R HF T TR BN B HIRE AR

o FRE D RB A

Wakiyama & Kuriyama (2018) z£ ** p * B R.p 7 /r?e (nationally
determined contribution))4 2 2°C 3§ = *L4] B #%(2 °C scenario, 2DS) *7&%
PAREWRRY FTRANRATOES > TVRFTERA L E
FA R P aE P 2030 FRP IR AL B RET I ERE AR
BT 0.55 kgCO 2 / kWh #% » 2 =t 5= NDC (nationally determined
contribution) ® F it /& 0.41 kgCO2/kWh > 2DS (2 °C scenario) & * it ik %
& +2iv 0.17 kgCO2/ kWh fie 14 o 72 3 % 77 8o > F NS RE s 4pt o

TR RZBREP AR FT R TR BF R TAEEEFT S
- RAFTE BT RPEAFLAMIFZ(F 2FIEFES AT ZE) AW
TR PR g T b A FERRF R0 THERFLEENT Y
R AR P AR R R R 4 A SRR 2 %R
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EoOMRAFANRERERT 0 UT LA AT ARSI B REET

E R =

Danthurebandara & Rajapaksha (2019)4 #7272 g+ 4% -k 4 ~ % 7
M SHERERAFTHEREE RS KD 2050 £ 7 AR EFT K
(1)259% K B4 T 79 " in s T » 3596% » 319553 » 0.3% % 5 it 4 1.7%
B i (2) 100% * 1% i (3) 10096 R it (4) 509 = 5 it 4e 50% b it (5) 25% -k &
Fa o 7% E R 0 34% S i 349k T o MR EETT R RT A F

Ro FFF AL GFWRFRTIBFET A ASR  FE2 IR HEE

g

e 3 3k ag it B4 (Global Warming Potential ) » 5 #* +t $i 2050 & 7 8% &
TR NI ARB TRt BB T Ripthe 7 §F & % :8(Climate change )~

N7 }J #£(Ozone depletion) ~ /= P s {g‘l % L (Marine eutrophication) ~ [ 4

*m‘

it & {4 (Terrestrial ecotoxicity)£? * #8 % |4 (Human Toxicity )% - 77 7 B % &
Tl F RGBT AR Y 12 K5 (1)2,08E+11 kg COzeq & T B o
#= 5 Rk (2) 0 1Rk (5) 3326409 kg COzeq ¥t 3 B % & Tt » 23k
B FF A 2050 £ 2GR FARRIET KR T4 AR BT AR
g g EIEET 0 B A R R A -t SRl R

R AERE R RIERY HIRE PR e R R A

Govender et al. (2019)3= % & 242§ 2 T a2 SAT (T4 L =
ARED)ED 2 2P > A NQF T BN ADET A4 L AP HEE
+3|(REIPPPP) £ g fit.i2 % (3) - BAL Bz F B e A7 5 S5 87 > vk (1)
A LB A K (3)7 BB My 71 F1HE SRR § i
TRP-FITFERo a2 f # TS AR E AT RT H e gilonE
Eﬁ%ﬁﬂ%’ﬁﬁﬂ?éﬂﬁfﬁiﬁ&%’%ﬁ%€%¢®’%ﬁﬁ

LLH!::!DJ g: > 1A ’i/ﬁ’l\":”»}y_ o
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Orfanos et al. (2019)4 17 2 FER|F A T HIE B DR > Tt 2 2016
122030 & A4 FREFERR(IHER R R4 STEF)AT B0 Y
FRFEPE-E D GFDE TR FTEFTERRAT UL - F
Ex %J & = [#E > ¥ 41* CML 2 baseline 2000 12 2 Eco-indicator 95 % 3+
GWP100 2 PER(Primary Energy Requirement) - # 7 % % &7 » & GWP =
B 02016 & F HWEF - F 3 A4 ¥ 685 gr-COzeq/ kWhe » 7 @FFEL 5 24 o
He b4 871 99% FhikhAiT T 1% 7 m 2020 & % HE - + 3
A 24 5 571 gr-CO2eq/ kWhe » 2030 & ) 433 gr-COzeq/ kWhe 4 5§ 2016 #
b 17%% 37% 0 FIE AR RA R Y 02016 £ 21% 0 %2 3 2020 &
30% > 2030 & 49% > « B~ % k4 FF 5 & PER * & > 2016 & % " A 2
£ 529,000 TILHV » 12 X 4 22 ¢ k% 2 T f 471000 TJLHV #&3% » H
AR RF AT R 140000 TILHV » i iq e a5 # % 141 TILHV #&
i o 3F 1 2020 & A 4 % 381000 TILHV » 2030 & % 406000 TILHV > 4 %]
#2016 & g5 28%% 23% » H @ 2030 &ML F F Nk pR S 0 AW
FEb € % & $8 Fwe 4k~ 0 Tt PRE #2020 £ 8 - ﬁ‘jﬁiﬂféi% ’«’ﬁ}%v}
FrRE > FEARE NFRALAATENRG VA FT2RA WA

R e T I x

Lietal. (2020) A 45k # 3 T 47 MRy » 104 ST 200
CETAACER s YEAIRAERE R RPRE
TiRFpARF 2 e F R M BONBRER > TR RAE g o
LR BT 2 AT R T $ (70.61%) 0 B =t L2 s FE A (13.85%) 0 ¥
B EREM(1.75%) A3 %% " hx o B FE T M 4 F RN RF
BT o BB RAOE > FINERITFEL A FT 0 T BT Tk
FR R Aot Y R g o
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23 B 2 AP H TR SRR R R AR

Burchart-Korol et al. (2018) 4 7 12 2 FE R i &2 #_5. 2015 & 3] 2050 &
THIIHRRNPE 2HR P AW RF R T F YL
BRI RN g FEF SRR BRI - F L R
T 2015 EABERESL B THRAI BB TR T A > RS
BEF WP ) i 42,614kg COzeq i > 3 41,453 COzeq K0 2.7%:
5. 1£.42,614kg COz eq > I 32,100 COzeq > 58" 24.6% ; F73 7 &f
o B 2050 @ FRARE RS LT KRR B RER R R
FOHPEIOIFRPAF T R I 25837C02eq; E 5 F R 2 21,988 CO2eq
$ 2015 & & B & S 60.5% 0 31.5% ° Flpt o EZEZA R AAKRUTHT D
PREA AR o BN ERRA DR D oo TR Y

oo A 2050 & A REEP

Raugei, Hutchinson, & Morrey (2018) 4 7 & R i@ * T # ;7 & 118> @
AR > FERF T HAIEFTREY 2 GFPEITER

BEMAE  ®lE R EwcE e FPERSBRENKRLET FE (non-
renewable cumulative energy demand, nr-CED ) » 1t g #5508 @ * R =
BETHFEMFH 2035 e 2R EFRR"FREIRFFLT) QXA
FETOQTARBFET - FTRESE T NEBQ)X Ri #3208 5A0A
B2 R T79MJ (nr-PE) /kWh (electricity ) #& & > H = 5§35 (1)3g 8 2035
EFERTEF T 5.0MJ (nr-PE) /kWh (electricity ) » 18 3)%F X it hE 7
0.2MJ (nr-PE) /kWh (electricity ) #i% o # 3 & % 7~ &1 > i {5 (2)=%

FATR AL RAT RRE WA BERS LB 4 o B

‘1‘*‘\

R AT RV RS 32% 0 F IFJ"L* REFE LT 2035 £ 2°C i

AP R B REETRUE T ANRE T OTHTD 5P AR R
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TR ARLE B KA B BRANKRLET R

Lee et al. (2018)~ 47 2 WP AlfrE A+ B @ * & Wl s 2+ 2
(hydrogen fuel cell electric truck, FECTs)¥ # 5t e 58 » T & S d + & i (7
W o @H A G TR I BPT A TR I ARKRE L R AT
RGEF (A FREF RBEF)FAEETF S BIA PR3 § W
MEZF A o FPLRERT  URBIF YO EEF A0 Y &

v

.1

Pl e e e A p gt e+ B TR R

¢ AP g 9 19-

ok
)

45% ~ VOC 4 37-65% ; CO 4 49-779% : NOx £ 62-839% : PMio 4 19-43
96 5 PMas 1) 27-4496 = Flt i F gk o ¢ AL 31+ 2 (v 5 2 @
AR BRATERY AP REALETE > TR FERR

X
Ad o ZHRBE VA ERPRD -

Ahmadi (2019) 12 & §& £ %4 4 & iF # # 3< (Lifecycle emissions)

\m

(Lifecycle cost)!" e £ W £ 84 § 878 (HEV)- o VR Ed+ 72

6‘34

(PHEV)~ 23 # 2%13 (BEV) & %38 2#:48 (FCEV) ¥%
o ﬁ(ICE)mIB_d;EF,Eﬁ#k#{bE?;;F/J _}IL;}.,,#H{,%LL W T ﬁ_ﬁ iﬁimi &

#p == A (Lifecycle cost) « # § ‘*%;}ﬂ Mo REFFHMPERELT MDA 2
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Shen et al.(2019) & * i Jhen?d & 3% 3 (well-to-wheel, WTW)t # % 5f
TP R 2015 £40 2030 ERELFREFIAEPEV) 2R THAD
B (ICEV)2 R &% 4 T#7 2 (HEV) (g 3 § W%

4k

(BEV )~ #3437
Bt TR 2030 EhF R R b i P B R

&

FLeslr o EFF AR bnkd BT SARER S T2 (PEV) R

Bl B E AP A 2030 £ @i @ (ICEV)E R &84 7 6501
(HEV) #pt > & 8i 5 > 5 50%-60% ~ 109%6-25% ; 222 # 2 H 3 8
(BEV) 4+t > RIS 4e ) 696-3796 « Fo+ > 1T 23k 7 B & 2030 # 3k
PRI ARPTDE (BEV) i AR B2 EF

Lo ¢ R RS RREST SIE B R

7~

2.4 PIMBH X RIFR2 2 f%?éﬁ

Galetovic & Muiloz, (2013) 4] * 3218 = & (Levelized Cost)z* & # 4] %4 %%
FRARMFRTLGOS A TR G AFRIREZF 545 F o
BaAZ @R rfT Ao g%dpdl s BRBELTRT » PMes
Pt 2 dk s 6.1kg/ton A APIA v RS RS > BRER Ry T F
& AT % 20,714 USD/ton ; $ 4 s T PMas ch 2 5 | 7 '

5 0.2 kg/ton o F FTRHM R MR B FCR 0§ oren TR IR A o

Tang et al. (2015)F] * it & #& 3 $5-7| (Chemical Transport Model, CTM)3*+

BrsL B RE R Ar 0 FIL PMas TAZ A MR AT K
/} \'.#7-&

(Human Health Damage Factors, DFs) » 3f & % ficd 2% i 2 %
(Disability Adjusted Life Years, DALY) 3 H =4 7 » 2 7 i1 2 PMps 3 & &
fade B w5 22 5 s (Black Carbon and Organic Carbon, BCOC) ~

v

f J—

¥ 3 1“4 (nitrogen oxides, NOx)% = ¥ i fi(sulfur dioxide,SO2) o ¥ § 4 % &
TR EPMosE A & 4 F 5 2k 2 5 ##(Black Carbon and Organic Carbon,
BCOC): # FE “Hch 7.8X 107°~1.6 X 10_3(DALY/kg)i A e S SR
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TATCREDCHE G F PR F IS s B 512X 107°~1.6 X

10~3(DALY/kg) ~ 2.7 X 1075~2.2 X 10~*(DALY/kg) °

Bachmann & van der Kamp (2017) 14 % ic 2 & 4 ¢ # (Disability Adjusted
Life Years, DALY):® e Z § = % 4 TR S5 F# )& A Wik B bl
Bt o B ¥ A RFIR(PMas s PMig)F 3 B % > M RE T RS U0 R
ERT R 2030 AR I FARNAFTE L B AR NTF TR
BV RE FHEIEaF LRSI 2300MW) e £ ("5 1 18 1 00-20 ¢

FUBRTA ZR)PL AR bE T RN AT F% i
BEL pEFT LRSS L 0.00040 DALY 0 & B3R 35 R A v TS

5% F LR 5 0.00074DALY > % fe >t 6.5 ] PEgc 4 ¢ T35k 4o

Flot o A LRFARRFTEHRG BT L MR TR

Gao et al. (2018)F1* =~ & i* & #* 3 #-3|(Weather Research Forecasting
model coupled with Chemistry, WRF-Chem):* s © B % & & F # R £3cen
TSR FEAMER OB L& F e Ao (PMas) ¥ A H i
Byl R 0 B3 E 4% 5 KA R ROTF 5 RERE > R

e 4f % # (Yearoflost, YLLs) © #7 7 5% 45 1 » 2013 & @ W2 Er g & & 7]

ABERMPMys Tad g AfcABG5 1308 4 ~508 4 o

Yot e
n_mgﬂ

Fla R em = AdkAuX5 508 4 2308 4 ,stfjfg:,%ﬁ‘_f@g;e.e A
Bem B G 39%33% FIt A BT FITEF TR AIRMITR 0 R4 Tt
L RA MM PMos kR o ATE g 0 Aok S5 KT 4 IR PMys ik

B #T LY RE R4 SIF4 E AN S 1500 FE 1100 § &

Lietal. (2018) i3k A 4744 = #H 5 & 2020 ~ 2025 ~ 2030 # 5 PMas
JEB CPMas BB 2 SAEL X A o A B L (1)1 2015 & LA E
LI 7 R R 25 ()78 B I 0 1A R TR B R RO B R E RS 4%
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(3)3e > B AR b BB RF EFC 5% Y R4
2 B (3)PMas #%k B A T ' 0 48,2020 # 27.51 pg/m® T % % 2030 #
%ﬁuyﬁ’fﬁﬁm%&E@%ﬁ%ﬁT’ENME?WMME$%%
FAEE R 4049 Lo TP LA AT A S AR S 15513 F 4 A
Flt o T HE RN AR FEAIRRE > LR R D A
AR PMos #20k R e

25 &

doe T @A AT E R R B RS TR TR TR RR Y

b H 2 I F R RAE 0 F TR RG] D R BT RS

~

EEF g B2 TRY T AR IRV LA RRTHE  §

HABR N ST B (R B R D) 0 E B D RB Y o

ii*ﬁﬁ%@%ﬂﬂ*iﬁﬁw?%ﬁﬁw@ﬁwﬁ\ﬂﬁ\%ﬁ
B REREE S AT REBAR RIS VA BT TR RR(S
KA BT CRA R FFTIUE LR R AT ARG B
o U E R R A TR kg o gt o JE T B ar s T4 3 ¢
PRtk B g X AMBREE T FIMERLRL TN RO
RFHoR TR > AT AT AR RS IR R S A o B S

iﬁn%ﬁg_?)ggié}gk&iﬁﬁ?% 21 % 4% 24-
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% 2.1 Q}ELffo‘—l

=¥ b /}311??: 1

i (& i) LA ik
Patterson et al. (2014) 12 2 & F 8 * (life cycle assessment) »~ 17 & B B Z F MPEREUF AL AAEAL 551 [
R FRNRE e BR)AL C BN R w2 T E 2 > WK RT R
("\'*%??)é_iéﬁéﬁéi%ﬁ IRBITE o A3 5B e
Posso & Zambrano AT EPREPERY FARRA L RS o T * P% T A& 1.968x10 '"kWh/year #2% -
(2014) W s A s hoav MR PALKA FT AT D 7¢ 95 A,EJ{JJ}'H\”’%?EQ
AR MRAR KT A LRI E R 7.134x108 » L 34% s h BT AG

Rl A 3 JHRB R o 3. 3O3><108kWh/year it g 1.6% -
Ghandehariun & WA YRR TEGR SRR AL BARETE T BB TEEF RS
Kumar (2016) R Fer o T R S CF 3 S (65%) > H=x 5 & F JR: fﬂ(22% fra Liig‘]
ZEF R FH e AE e Z (DR 4 3% (6%) bt A E F R F PR E MBS
ETH QB RAT CDEFRFE@EF R ARAT S 2K 4%
i
Abdin & Mérida I B F N FHIRT B R £ X TR I A RO Ea R ikt s S fAak
(2019) ANEREVA SRR BRI T2 FREDFTZE AL RSN F PR
AR T B AR AR R P RN REL
S B REERR)FETE AL DR
A o
Ayodele ctal. (2019) A 45 2 T GHB R EFREALE A RLAEEO: ML LR T
$IRB PR B eIz F B T R B 1946 § KWh 4 5 i
B MBEBEEZJITARARY FETNFEL PERALHITDL T EEEE Y 7,446,000
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SR TR Y G R T S TR0 Bl R 4 41,075,587 % & B 3 4 MR
M E o HE R g MRk a0 ¥ R0 16,031,000 F 5. CO;y o

% 2’\’}]§J<ff“—l ~ae R AR

o (% i) AN Py

Quek et al. (2018) AT ARTAEL I R S B s X R g s BB PR *%:fp N R R R VB E
B rBa2inf @it By E (GWP)» EX 5 % 2 AEE K > S~ Ha 22
(GWP) - § 5 GWP 4§ i

Wakiyama & AP AR R T ?T}I?%(nationally determined it 7 A o 2 0.55 kgCOL/ kWh #2.% »

Kuriyama (2018) contribution)? % 2°C g = T4 p $#&(2°C H & 5 NDC (nationally determined
scenario, 2DS) =5 P & L H & * T i Jr  contribution)® F it /& 0.41 kgCO2 / kWh >
AR B4 > T ERF RN R~ fEa R - 2DS (2°C scenarlo)*’% i iRE s 0.17
B A T R BT o kgCO 2 / kWh #&i4 -

Danthurebandara & A 17872+ fI* k4 B~ B ~ THBa 2 T ARG P ?f;u’x(l) 2,08E+11 kg CO2eq /&

Rajapaksha (2019) 13 E‘E FRHBREOPE XKD 2050 ET M T E L B E Hek(2) 0 2 K% (5) 3,32E+09

LT R (1)25% K RET 7% mE R
359 2 319 F i > 0.3% % H i o 1.7% R it
(2) 1009 = I% it (3) 1009 B i (4) 509 * % i
’FSQ/&nd$2i/LEf§m’7//Uns1’
349 = i 1o 34% R 7

kg COzeq 3B I % &L -

Govender et al.
(2019)

=

e i BT MR E AR 7
R AR ()E B2 2 D Q)H

R (DIRF Zpaee 71 K3 (3)F 2B M
T A FIE SRR F Hard TR
% o
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AT ARABE T A AT EMETE

:
(REIPPPP) 2 gt fi.i% % (3) % P4t Flin 4o

Orfanos, Mitzelos, A7 R TRRIE A T HIR ifvt AR Tl 2016 & F E 2 3kes i BFR(GWP)E F - F %

Sagani, & Dedoussis 2016 % 2030 # X 4 # T &2 F S k(=B A 2 % 685 gr-COzeq/ kWhe » 3¢ iz 2020 & #

(2019) SO RA kA SR F)A T B W -+ L A4 Y 571 e-COzeq/ kWhe » 2030
£ X 433 gr-COz2eq/ kWhe 4 %] 2016 & >
17%% 37% > F1& S h A 7 v 5] 2016 &
21% » #& = 3] 2020 & 30% » 2030 & 49% > *
BB A4 HD o

Li. et al (2020) A A H A BREE o AT ML 4 4 AR f»ﬁ(#wa&@(m 61%) » B = 1= Bk
TR E £(13.85%) » & B £ B (1.75%) » T B

8T o b f ’sﬁ‘?,"‘li)\%‘f‘r’f B oS A

F 23 2 RFIE-T 4 TR MARET 2 2L

FGEH Y FiE
Burchart-Korol et al. 4 #7124 % TR 7 &2 H50 2015 & 3| 2050 & 2050 & & * FERLRERA LT KR B
(2018) THEAIIHRZAPE TR TN TE AR F M SRR R R

BEF R EY A ﬁvfﬁ z/}’}‘r?ﬁﬁv,m -] v 3 25,837 COzeq ;s £ 5.7 " 1 21,988
A B i s Y2 ’T LR 2R X COzeq #2015 & & ®] & 5% 60.5% 0 31.5%

ﬁz’ﬁ:
Raugei, Hutchinson, 3@ 4 %iﬁﬁ PESON I SRR Y- S| MEBEQ)RARF AT BN RET RTI
& Morrey (2018) BrBawvicEe FEROBRLTAZKET R MJ (ar-PE) /kWh (electricity ) #&% » H =t
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(non-renewable cumulative energy demand, nr-
CED)> W adid @ PR =BT
B()EH 2035 # 2 ML EFTORSHARZ
IRFED)@FRFHFLQF A RFT

SEB()IEH 2035 EEHT “%’f T 5.0 MJ
(nr-PE) /kWh (electricity ) » 3 (3) & & &
B 7 02MJ (nr-PE) /kWh (electrlclty) m

Lee et al. (2018)

oA P—}ﬂplzpllpi{)ﬂ"i’,;ﬁfl ? ot B h
F'H%l‘lm—,}%"} l‘@ﬁﬂliﬁ(éﬁ‘iﬁﬁ&l
Foorid 51‘3)3‘ FiEL F e BINAPER
FRPERE ZFF L4 o

CUIRIN S e i

T g X dgh B, TR
BEFAPERE Y 19- 45% + VOC % 37-65
% 5 CO ¥ 49-77% ; NOx ¥ 62-83% 5 PMio
%) 19-43% 5 PMps ¥ 27-44% -

Ahmadi (2019)

B R v 2 & 3% 8 $Ez(Lifecycle emissions)
(Lifecycle cost)! i £ RJR &8 4 T # 1 &
(HEV)-#R R &# 4 T3 (PHEV)- 2
TAREAD (BEV)s 2 T8 28
(FCEV) #2354 & (ICE)5E % f By 2
R .

PR kdp o BEF PRI T D A

BoHILZREEA TETD > G T
TS S E RIS S S GUp
EE SRR RN S TS
B B MY B X 84% P E

Shen et al. (2019)

G Rend &% H (well-to-wheel, WTW)LL
o FE ¢ B A 2015 &40 2030 £4ET NR
L& 4 TBPEV)s 2T # ThiTd
(BEV)~ @34 2 (ICEV)2 R &6 4 T 8
(HEV) svg 3 § < g o

“J-:?}hg%l‘k‘ﬂb Bt g2 > NIRRT VIR E B

4 B(PEV) S bl 0 B F 4 AR R A 2030

EHBRTHB(ICEV): REH 4 THiT 8

(HEV) #p+ > & %)aw 0 5 509-60% ~ 10

%-25% & rxR @ adiid (BEV) a0 >
A H A ) 69%9-37% o
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ho24 v g

RIRTE B A ARG

IF—‘F"]’(_& )

/};H;ZP\*

ij 5%

Tang et al. (2015)

i & # 3% 7| (Chemical Transport Model,
CTM)3* & PMos #7 A 2 A Mk B 3p T fhik
(Human Health Damage Factors, DFs) > 4 & 7%
Hed % 5B E 4 & & (Disability Adjusted Life

Years, DALY) 5 H =% 7 o

§EPMashoi & 5 T 5 2 AR 5 R(Black
Carbon and Organic Carbon, BCOC) » # 4f & %
B2 7.8 x 1075~1.6 x 10~3(DALY/kg)2 &
MEARE HRACREMD L o

Bachmann & van der
Kamp (2017)

"% g 3 EE 4 4 & (Disability Adjusted Life
Years, DALY ) ##ti% B 7 4 % 2030 & & 2 &
KR khF T E PII@ wusb/)}%llg‘:l\;ﬁ”’_’f;ff«’}‘l
2T > TV REFFFE BT D
2300MW)#2 % £ (*% i< 18 : 00-20 : 00 & & ¥
BT FRPRANALEL bE

THPR AL bET RS L 0.00040
DALY » & > 3.5/ g A v T35
&5 % F L0 0.00074DALY 0 £ et b

6.5 | gt A v T i:;j_‘%‘ &

Gao et al. (2018)

s g v B 7 #74) (Weather Research
Forecasting model coupled with Chemistry,
WRF-Chem):® s » W% BB T 4 30 23 en
SRR R R B T o

2013 &7 MEErRE 2T LB AgERD
PMps ® #tcm 5+ = A Hch W55 508 4 ~

308 4 > HIEFW - A EAs B 5 39% -
33%  F P ERT A INE PMas kR 0 BT

VLIRS R B R G SAF A E S WL 1500
£ ~ 1100 g & -

Galetovic & Munoz,
(2013)

HAIRF TR DT F R 2 3
RS AZ EER T A A

PMas s+ % #ic 5 6.1kg/ton » i & A4 £ ©
SR BFR I PR AT
¥4 % 20,714 USD/ton
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Li et al., (2018) Bk A 47 v s BB B 2020 ~ 2025 ~ 2030 R F BB (3)PMas # 3k B At £.2020 # 27.51
E 5 PMysik B - PMos 2B 2 GAME 4 = ug/md T 5 3 2030 # 26.5 ug/md 5 FH(1)F
Ao B A (D2015 & Z AR E T GE R E RIE RS T 0 A 2030 £ F] PMasid
B]EQREEEE > UFRRRPER R R BB S ARG 5 4049 4 TP AR
MEEERD 4%B)m R BB T AR AL AR S 155138~ o
Wk AR R E E RS 5%
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Y= Fi i3

AFEFETIFEF L E - S LA EREPTERS 2 B8

T AR Y DR = EEEA ST R A I
30 B EFGER 2

I3 B % &% & ¢ (International Organization for Standardization, ISO)*7
% % 1S014040 & 7 5 4 & ¥ 8 2= (Life cycle assessment, LCA)Z #p B 2
oo #1057 LCA Je* &tk § 7 b iR 83T 45 2 95 37 5 ISO14060 4 7
B E N BAL WA frREE R 4 Mg > T Mg 2
ISO14067:2018<if % # M—& 5 cpt TR 1 & ek BI>B i B i
ISO/TS 14067 : 2013 > & i* & &k L fodf 2 > T o F 23R ER|
PGk - A H A SR 0 4 fRE R R e 5
BUoh o BE SR R PR P m st BN AR - 5 B R4 # ¢ (British Standards
Institution) ¥ # PAS 2050 : 2011<2 H-22 pRi+4 G HEE 2B 3 § W=k
TRIE> Ak RORER o~ Glig o Ely S R R R RE AT
FBOFRRALDRT F HEE o Tt AP 2R D E 0 B
ISO &% i 712 2 & & = % $(1SO14040 ~ [SO14067:2018) 7 2 b -
FRAPF # PAS2050:2011 0 & B 4 5 A ARG E B AN~ B AP
PR AR E B R R o

3.1.1 2 ¥ p3FR 2

4 &= £ (Life Cycle Assessment, LCA) & & 5 2% PR3 Jp AL B~
Bl B R PR AR ESL AP ERY > LR
BANHEEOFLEFF R L L2 - c RERNEEER ¢
(International Organization for Standardization, ISO)#+% # #11SO 14040 ,% 7|

29

doi:10.6844/NCKU202000810



(g 2-4 e FH=R-RAEFEH) (1SO,2006) > 2 &= FH e
Foow B 4 u 5 B e Bk 2 (goal and scope definition) ~ 2 & ¥
#p 45 % & #7(Life cycle Impact inventory analysis) ~ 2 ¢ ¥ #p &% (Life cycle

Impact Assessment)~ 17 2 4 ¢ ¥ #) § §# (Life cycle Interpretation) »  3¥-‘m 4

5 AR R4

Lopeng ol R ¢ 2 A A R oo 0 1 R B P REER A SR
e B g R o

2. A GWEE AT I RA S 3 ST ko A R E R
P

3. 2 AW I AT 1Y F AT RE R A B AL A AR
B RN E L

44 G RARE E AR B A A F S e g e 2 B
Bfrfed b R TR AL - R 0 E

Research Goal and [»

Scope Definition [+ Direct Application

—> *  Product development and
Quantification _»| Interpretation improvement
Analysis 4 »  Strategy planning

*  Public Policy Decisions

*  Marketing
*  Others

Impact

t.

Assessment

B 312 &Edi=fh R
7R &R 2 ISO(2006)
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3.1.2 & & p*

v

& %_j" (Carbon Footprint) ¥ 4% €_& 5 & — 38 /& # (Activity) & & &
i

B2 I ERTEREFRAL PR EF MR o APROT - A RE

9
s ok R R 8 g ﬁ%sﬁﬁiﬁ P - EFIR Y R OB TR
FACREATA A R R F MR o R ke R RE o FAFRTp
B FBi R Al 0 33 R F] g o kR o R R R OIS 0 A
EoBAREEER MR F MR Y B N E T MR
i WHERFLRES > F I RRREDES -
FILR e AL 2HENEZF A E PR B2 - o (FRRERF
#F 0 2019)

3
W
=5
gl
-k
\_.
feb
™™
=
|

5 W% & & & ¢ (International Organization for Standardization ,ISO) %
A G T R fedf 4 37 2 IS0 14067:2018  (GE 3 F M- A 5wk KA
—£ it & f4e ) (1ISO,2018) » H % ISO 14060 524 % 5| ch— FRA4 - % 3

\“‘b

s TR R A e AR E A R o S I ISR R o
5 1SO 14067:2018 2. 4 fe » H 7n 414FF 4 o iddie 10 % H R84 R
WA WP AP Y R FAE B Ft 257 & 75 18O 14067:2018

2 A FE AR T AR B R R TR 2 B R
3.1.3 A E BNz

i35 PAS2050:2011<A &2 JR7+2 &3 W FF 2 8 F 5 WiE G 8>

WAL R 1E ~ 3 R 48 s R U RANFEERTERETR

A4 e 7§ B - PAS2050:2011 &5 ISO 14040 #% i3 5 p &g 7

KB AR BT P AR R] 32 41
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%"J‘@lg\'% E] @‘lé_\—’r’é’i ﬁ%}i‘ﬁﬂ ’44’\},%7‘},1:‘]‘?"‘1( y & /’z‘tﬁ—i—ﬁﬁ *j—#‘_l‘/;ﬁ\
PRI E BRA P o

IR RN TR TS ES T LS EN 5

RS S CER BRI ETE LS SRR Y

S VRN R SRR A R O
Ly o

PRI AT L B FE LA AT R A LA ATl R

FEEASE R

P B R R

A

%] 32&1‘(&117%? _:/rl ﬁ_f-
F# %k 2 BSI(2008)
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3.1.4 g8 B p* 31 S0kl

L4 btk

‘s\

AT Y P G * SimaPro9.0 4 HiFHEE 1 E > A A
PEGELPTHE AB0BR PN ER 2 Fiishc 35 258 ahig # o
SimaPro #fc & ~ A7 fcds & 2 P A& &8 R hA N ey chh £ 5 o
ﬁﬁ%??*iﬁ@*’W%kﬁﬁﬁ%’ﬁﬁ*i@’é%&?’i$

AR T TR AR R o 7 R S e B B e YR RUEHEE A 4T
MR BE o 599G 2 ARDRREFREASSRBHRR PP ¥

FELE BT o RHALRP DI 0 Eh o R 2 v fTauRERE o

Simapro = #d EH L2 F H e FTHE - 87 KBTS {72
B 2 AR HREEFFET {1 A bl R 2 g E
ﬁ%k’%*ﬂ FR@ ST 3L ARG ER TR &Y

32 ¥~ 2 HAR
3.2.1 WAH W2 A nER

kb AE S AR AR B S BlAeB 33-H 3.9 A% iR
SRR AEI R B2 A E R 55§ P (Cradle
toCrave) » 2 @i HIEH e 7 Rt & g b ~ 88 AL~ TR
B phiReEREL L4 gUSRENTRDRPHE  FE2 A
B e g R AR ZBEMDAEZE FE AL IRMER FREE

B o
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(i@

AE T U A HF S B9 Restianti and Gheewala (2012) ; de

Souza et al. (2018) » 4o 3.3 #177 o R I AL B B G BT % 9K F O

FoREFE L AHEHELR

TR & F Rid > B S
WF b A REH I kA

B F R e SR

4L

2R o R S K

e AN TRR IR e vl

‘TIJ * o
Manufacturing & Material Ope_ratlon — Decommissioning
Maintenance
Raw materials
acquisition Manufacturing Di
. . - isposal

o Crude oil  Jand Installation Deconstruction P
o Fuel oil e Refinery —Vehicles usage —and
o Refinery gas | system Dismantling
o Mix gas o Storage system Recycle and
o Water Reuse

Bl 3377w AR EA GFH A2 R

PSR

AFEE N4 pR g T 4 S 2 B4y Liang et al. (2013); Odeh

& Cockerill (2008a, 2008b) » 4[] 3.4 #7577 o AR R B ERIFE 5 Wi L 4

HRARA TR RPN ¢ F Y kR AE KR g Al

£l s ERmE LY

RASERAE O R SRR B B T R ¢

O

¥
YU

- 'z<
~ RSk
,iﬂ“ AN

PN ER AR E R mE R IY -

34
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Operation and
Maintenance

) Decommissioning >

> Manufacturing & Material )
Raw material -
aw materiais Manufacturing
acquisition .
and Installation
o Coal .
o Fuel Handling
o Steel
o Steam system
e Concrete .
. e Cooling System
o Aluminum .
o Power generation
* Iron system
o Water y

Electricity production

and usage

Deconstruction
and
Dismantling

Disposal

Recycle and
Reuse

G)xRF# T

j\,{ﬂi‘“gﬁ

B 34 V4 BT LB GEDUSE F

RF BT A gD B9 Agrawal et al. (2013)

Ruether et al.(2004) ~ National Energy Technology Laboratory(2010) > 4[]

35 G B2
> Manufacturing & Material )Operatlon and Mamtenance) Decommissioning >
Raw materials ] Di |
L Manufacturing and Isposa

acquisition .

Installation .
e Natural gas . Electricity .

e Power generation . Deconstruction
e Iron — production and : -

system and Dismantling

o Steel . usage

e Cooling system
e Concrete Recycle
e Aluminum and Reuse

Ak + 5%

AFEF R A FT A D EU S B4 C-k Gao et al.(2019); Wang et

al.(2019) » 4B 3.6 #7151 °
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Decommissioning >

Operation and
Maintenance

> Manufacturing & Material )

Raw materials
:jccqglsrg:?n Manufacturing ]

PP and Installation - . Disposal
o Steel e Impeller Electricity Deconstruction
e Cement . Fla%ge — production and —{and
. g{l;se_(:]n e Cabin usage Dismantling Recycle
. i

and Reuse

e Glass Fiber |° Tower
e Petroleum

B 3.6 B4 HTEHEL GEHUSE W

G)*Hiusd

AT AHAaF R A &Y E S B4 Wu et al. (2017) ; Stoppato,

™

(2008) » 4] 3.6 #777

> Manufacturing & Material ) Ope_ratlon o ) Decommissioning >

Maintenance
Manufacturing

Raw materials |and Installation Electricity

acquisition o Panels production and Disposal

e Silica sand e Mounting usage Deconstruction

e Glass system —— e Cleaning of —and

e Aluminum e Electricity panels Dismantling Recycle

o Copper components e Repair and and Reuse

e EVA e Other replacement

components

Bl 37 B aswn tREL DA+ B

(6)k+ &%
AFEG kA BT 4 kS A3 B4 Veran-Leigh & Vazquez-Rowe,

(2019); Wang et al.(2019) > 4] 3.7 #177 o
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) Manufacturing & Material )

Operation and
Maintenance

)

Decommissioning )

Raw Excavation and Disposal
materials .
. Construction .. .
acquisition e Construction Electricity Deconstruction
e Concrete - —production and —+and
materials . .
o Steel . usage Dismantling
.. e Electricity
d system Yy
* Woo and Reuse
B 38-k4 T LHEAESTH U+ R
(7 a i

AFET A G 4 &Y U2 ¥ B34 Ghandehariun (2016) > >tk 4 %

TAA G w0 4oB 3.9 Hror o

Manufacturing & Material Ope!'atlon ard Decommissioning
Maintenance

. |IManufacturing
aRCav:/JirSnizgerl]’lals and Installation
. gopper e Impeller

Disposal
o Steel : EI:;igne Electricity Deconstruction P
e Cement  Tower —production and —and
: ;I:;?\n « Hydrogen usage Dismantling Recycle
. Electrolysis and Reuse

e Glass Fiber « Hydrogen
* Petroleum Compression

Bl 39 h* #7243 LR UL FE
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3.2.2 H-A B2 P REGRP

4 3.1 $HEP

FFEL BB ER S A

Index Description Unit
i R BRI =1~70 =15 bk + 7>
=257 R4 F2 =35 Ba¥a>
i=4é~‘)\'$l§’ﬁd’l—5?%;J‘ ;?:.,,
i=67d i i=753TH
Ji A eI ER =123 j=1%
R B E  j=253 F el
Fef > j=35 3 RKIFE
Parameters Description Unit
GEF;; Green house gas Emission Factor g/MJ
Fid R IFEGR B & W ik
TGEF; Total Green house gas Emission Factor g/MJ
Fidc MR T F Mk
GWP Global Warming Potential
> okag i A T
PEF;; PM, s Emission Factor g/MJ
¥ e RJEE B R Aok e T i
TPEF; Total PM; sEmission Factor g/MJ
Fidt A &Y mRBITHok AR %
b
Factory External Environmental Health Cost DALY/kg
Factor
hIRTE B R = A ik
Variables Description Unit
AD; Activity Data F:v g3
¥ iae R B dicdy MJ
CF; Carbon Footprint S T o A
¥ e R P gCOze
GE Global Warming Emission g e
7 ELEEF M (Ten thousand
tons)
PE PM, < Emission oW
F 7 FE g o g Ton
EHC External Environmental Health Cost DALY
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3.2.3 #iAZE 2

ARG R A EFHFERE RFEFFELY S FEI R AR D
BESATE > ARFHEEZFHE R FMR L% 29 047 0 F
2030 & ( B 7P i??’ﬁﬂ?;}*’c(INDC)>> 222050 & (HE 5% ,);‘&fé_" FLUPEI)
(1) 2 &FHAEFE T F WEFH0T)

BEPFF AR A PREFTRPLABETFML - F PR
(CO2)~ " %%(CHs) ~ ¥ * I F N20) ~ 2 & g it 47 (PFCs) ~ & & B 1 4~
(HFCs) ~ = & ™ #i(SFe) o 247 3+ 5 H i 5 gCOxe > H P 2 COy 2. H
R4 R % >rReg it R % Bie(Global Warming Potential, GWP)d# 3%

5 COe3 B2 P B3 s Wizl Xhi Simapro9.0 F
AR o 3B H AT

3.1)
(3.2)

TGEFl = Z?=1 GEFU 3 Vl- € {1,2 7}

CFl' == ADl X TGEFl X GWP

H ¢

e

TGEF;: % it A E 3 5 WP o EVER Z 4 -5 05 (g/M))
8 =

GEF @ $ iiMmjMEETFME il N5 VERZI 55203
(@M 5 ¥ &

CF; © %is R EFE 7 7 F Bt - 5 LY £ (gCO2) & B
AD; : i ihEd Yy 0 NV ERMDG E -

GWP : »3hus it B4 ik

39

doi:10.6844/NCKU202000810



AFETFFELET AR FANFFEL LR AE > g

BER o Tl B ED 0 E L RMI) > B kR S B 8T

B2 VB R AR R B G R By 0 B L A RAE R F R
BeAp kT Faof 3 FLEFF MR AT
GE = AD; X TGEF;, V;e{1,2...7} (3.3)

GE : #7373 FEL R % § W% > 11 F =¥ (Ten thousand tons) = H =
AD; : Wi A g N EAMI) L E =
TGEF,: % i iR G WE T F MAR Bl N A VERF4 5
25 (gMD L E =
(3) # 7 EE W FHok i)
AT EL R FAEE R FANFFELENE L AL §
B e BBy ELTE AWM 0 B oiRyp MR §wE T
B2 LBl 2 AR AR B R Ry 0 2L R R e R o

AR R TE B ard G E R RO T AT

TPEF=Y3_, PEF;;, V;€{1,2...7} (3.4)
PE = AD; x TPEF, (3.5)
H ¢

7~

TPEF,: % i s R4 &3 mfl i Liop G c il NE VLR g4 4
2 (gMI) L E

PEFL-]- DR R IR R e AR A e N EVER A4 S0 5
(g/MJ),—:»E [

PE : #73 &L ¥k e g » 1 2 ef(ton) » H =
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AD; : RischiEd Yy 0 NV ERMD G E -
@) #F EE A NBR RS S A0
A R G R B IEAOR N IR E B & & 4 #ic(External
Environmental Health Cost Factor, Factory) ¢ % it 33 & 4 & & (Disability-
Adjusted Life Year, DALY) 5 ¢t 8 %% 3 & % = 4 (External Environmental
Health Cost, EHC)2- ¥ o *h3RIE B GE B & & i & kR 5 Simapr9.0 F
B o 35 HeT

EHC = PE X Factory (3.6)

H ¥
EHC: # 3 EEL IR EE = & » 12 DALY 7 ¥ =
PE : # 73 i & mR S iop e 2c g > 11 2 e(ton) 5 8 =

Factory : *P3RTEB EE & A h#ic > 2 DALY/kg % 5 =

3.3 )

k12

AR EEG L& FAUREFED > A RS iR
BEE R HEE (RRGFH P IR & (BEiMpEzr g
) PR R EL ® Y F AL RAT A EF 2030 2 2050 F
35 @#sza B4 G R R R R 0 2 1Y AR
Disability-Adjusted Life Year, DALY):=f # F & £ &1 PMys e1%h 3%
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yrd RESIT

AFEFALIEE G E S R - L ARERARLL HFEHRZF
M -2 FEL R FMPARRG T 5- §2LH 34
WSS FHFFFLEZFMERE 5285 PMos #2558
Bl 2RGERE & A

LR N
R R MBBREREZ AR Fe &L AT ) o

W«
o
H\

(ks

41 Lt A2 AP REFPZEFEZTFH

AT FEAL AR EL R R F MRR S  NFFEE LR
(A RN ZER)E2AEDREPLEEFHMBRLSFTHE P
Fle g AP Ef@ie FEERENEZ IRBE # R E s v E

A A4z F ibpg E(gCOx/MI) » T B-imd gk T 5 IMI o (7 & i

BEE F WP AT e

411 B 4+ %

|

A7 195 B <& (2005) ~ Schleisner (2000)% Simapro9.0 i kb * & 7
FER AR ML ERLHF AR FRTRET Y A FR TR

e o

A G GEFE ¢ R AW BEAEZR I FTIPE

fui
o=

A R e

'F_*

BoAASETR OROE S W R BB X B AR H R
REOR LGS SRR R F AP RS IRM SRR AR

PP il £V E R 098 g - § A E £ (0.98 gCOse/MJ) -
b EEAENFER ¢ ZRBE FA S T DRR G R SRR

BRLZE iZ 4 > 395 Simapro9.0 Hchp B TR o B PR P Rl #
£30.02g - F A% £(0.02gC0e/MJ) -
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EATRFEE b B TG 94%T W I o i 6% A E A
» - 4295 Schleisner (2000) > i3 (X FF 5 Wid 2 RALFFE 2% o H PR B

T thlcs F OV ED 002 - § i ALE B(0.02 2COe/MJ) ¢

¥

%

@’lj_!' ’%:_:_:” JJ?QJm},%"}'btaﬁilE El’ft"g_éﬁ KEJf)\—FLE‘_FJ\

P il TRERERBER G IMI BOR 4 FTIEEF W 4
4129 R @GR EENE &Y 96% 0 FWE b 4 BT RT
FEURALA A g e, P AR F R R MR 4 T 2% B MR
PE S ERDREE -

|

2 41 RABTZRFREZTF B
Emission Factor Activity GHG
(gC0O2e/MJ ) s Emissions
(gC02¢)
Manufacturing & 0.98 IMJ 0.98
Material
Operation & 0.02 0.02
Maintenance
Decommissioning 0.02 0.02

TAL KRR AT R
4124 H %
& & 7 19 ¥ Atilgan, Azapagic(2016) ~ Simapro9.0 % ESU-services

Ld@012) 3 k4 s RN R o AL RS BT S RSER

RRAEGLER R ¢ P Sk B R A T R SRR
B~ FEE o~ RGRE Z 4o IR FUORA R A R PR p T RIFE o Y

Pl &V ED 1.1275g - § R E B (1.1275 gCOe/MJ) »
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by ERAERE > T i ok E R e, TR RN 1335
Simapro9.0 Hchp L T AL > L PR Bl S K Y BB 0.0045g - F 1A
¥ £(0.0045 gCOz2e/MIJ) -

i FF 0 1995 ESU-services Ltd(2012) » 5 iRt 3 ¢ cnzbdy 558
Fd R R BT T U AL R T PR s F IV ED

1o

0.0lg = ¥ i & £ £(0.01 gCOe/MJ) -

FEM o BRIk TR YR e TR R
ok e > TRE B BRIRR 5 IMI AR B TR R F AR 4o

#0420 20 R g rp B RS S 99% 0 FIRaE ok 4 B R AT
AR A A R s Tt A RE R RS F T 2 B B MR

H g R R

3042 k4 BT ZHBEE A MER

Emission Factor Activity GHG
Dat
(gC0O2e/MJ) - Emissions
(gC0Oze)
Manufacturing & 1.13 IMJ 1.13
Material
Operation & 0.0045 0.0045
Maintenance
Decommissioning 0.01 0.01

TAL KRR AT R

413 B adET

7 19 Hondo(2005)% Simapro9.0 Z = i 3¢ & chf L Kik o gt

R EE S B RS HA LT HEGKW) L
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LTSN

L EVEDR 1142g - F CRLE

£ R
B E AL

(0.00119gC0Oe/MJ) °

I RIFE ) d A

# Hondo(2005) >

(0.45gC0O2e/MJ) ©

g VNS

it

Foentc o ¥ RE R BRIpBK 5 IMD #
ded 430 B¢ Rl W pF
E GRS > A A A i, ¥ PR T

HErBLFLORPES T H R

FEFQ‘E/‘ ’ "
LLPb_FAaHLa‘{ ,agy:ﬁ_q. vl

A S I
Rt 5? : ,ﬁ

MORF BB i L &

TR TEART
S RAL S A~ IR~ 45 S EVA S &5~ F V45 RrpRdn - 4

WA el

£ (11.42 gCOze/MJ) -

LiRaEsRgs s

e ”]/Igé_i * &

il
23

= [ i %

o

PR TER

o B

» 12495 Simapro9.0 #cdx

£ 3 000119g - § L% R

B b o FR
045g = 3 i“ ¥ &

FoFRL A Ba g TR EEE IS g2 IR

o E O . 3 FUC Rt

% 43 s B F R R R F ek
Emission Factor Activity GHG
(gC0O2e/M1J) Data Emissions
(gC0Oze)
Manufacturing & 11.42 IMJ 11.42
Material
Operation & 0 0
Maintenance
Decommissioning 0.45 0.45
TR KR APy ER
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4.1.4 X 3 B gEF

AF7 3 19442 7 #(2010)~ Odeh etal(2008) - GREET2019 % Simapro9.0
Pl R T TR KR

BRHEEBAIEE ¢ FRRBE U R E TR RTRRA
BB o TF AL T b Bl 5 VBT 579g S § 1
¥ B(5.79gC02/MJ) 5 ok + w35 T REREE L 0 T E R S 4
KR~ g PGl S FVER 10g - F PR £(1.0gCOe/MT) o F]pt

PR RGeS FVER 6.79g 2 F R F £ (6.79gC0O2e/M)

kb

EERENFER ¢ 7R REETT TR R SDF > T
WERL s s A RF R A RV REFT A ERFERT AL AR
% F 4395 Simapro9.0 Hedp B enFRly B FF R (Rl S & Y £ 8 265.07
g = § 1 B(265.07¢CO/M]J) o

iR R FF B 95 Odehetal (2008) @ iR (P £ 5 W FFE 1 10% >
Prfoftac il s F oV ER 0.1g = § A% (0.1gC0Oe/MI) -
B A R TR i Y R Rz

P g enptox e T HRE R BREK G IMI > @A g gk §

=
o

o 4ok 440 4 For R R A S 97% 0 TN R E TR

%
¢y
FEAT 0 A 0 AL R T A BN S R TG e
=
]
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A O AT R e

Emission Factor Activity GHG
Data
(gC0O2e/M1J) Emissions
(gCO2¢)
Manufacturing & 6.79 IMJ 6.79
Material
Operation & 265.07 265.07
Maintenance
Decommissioning 0.1 0.1

TR KR AT R
415X RFHF T
* 7 ;}f;z Agrawal et al. (2013) - National Energy Technology

> v

Laboratory(2010) % Simapro9.0 = % A g #F T TR Kk st 3 5 X R F

4 P % P (Nature Gas Combined Cycle, NGCC) & # 3 #e 35 4
= ?J‘%';??,g%i ﬁvﬁfﬂ};/mj_ff«”gﬁ#bi& o

BRAAUEER A RFHUE A RFERTEER - XA
F# Wi b o 1395 Agrawal et al. (2013)#7F RAL Z BT X Rg o ki

2V EA 3583g - § “pd £(35.83gC02e/MJ) 5 t® ARF EREH L o
1245 Ruetheretal.(2004) » 2 %) & % 8 WEFF B 047% » Bk bl s
FER 048 g = § YA E B(0.48gC02e/MIT) o Fpt p FE B P (Rl S

F v ER 3631 g - § it AE B (36.312C0.6/MJ)

bf@E AR ¢ § TRGEMHE T 0 1995 Simapro9.0 #eih &L S
FoARFETLERF T AL SRR 2oL F D

101.30g = § i #(101.30gCO2e/MJ) -
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%19 (L FF B > 1345 National Energy Technology Laboratory(2010) » i3 i
PR G BB 10% > PR P ilcs &0V £ 0.048 g = ERLY - 5 1
(0.048gC02e/MJ) -

g 1] F o

R

FRENARFET PR EEE - FEE AL IR

it

Borngtar Gl ¥ MER BRI BR S IMI @0 R FHF TR T 5 e

Yo drk 45 0P Y EH AL GEWA HFY G T4% 7

j
7‘
gl
ﬁ'gﬁ
=H
=
<
(i}

AR At A2RS P PP A EIRFERTRE T E

A5 ARFHFDIFEETF WP R

Emission Factor Activity GHG
Dat
(gC0O2e/MJ) i Emissions
(gCO2¢)
Manufacturing & 36.31 IMJ 36.31
Material
Operation & 101.30 101.30
Maintenance
Decommissioning 0.048 0.048

TAL KRR AT R
4.1.6 & i
~# 7 1395 Ghandehariun & Kumar (2016)% 4.1.1 -] &efh 4 % T 5 &

REF R KRR P ERY RS FTAL Y T RD

Wr

ERFERUERE ¢ TR FTRDRE ~EE A KTER
BAEEF kT RAL FRRF PR TR AREIREFE FTF WA
B AR A2 T4 o LR GERLEVER 237g 0 F LR R
(237 gCOx/MI) o § i 22 S B2 13 RIS Edr 411 ] & enh 4 § et
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FET o BN R i F R IR S R
il B RE R HRER B IMI (A E SR F R ok 4.6

PRAS RS A G 08% ) FIfI b 4 BT AL TE PR

Emission Factor Activity GHG
Dat
(gC0O2e/MIJ) a Emissions
(gC0ze)
Manufacturing & 2.37 IMJ 2.37
Material
Operation & 0.02 0.02
Maintenance
Decommissioning 0.02 0.02

FHRR AFLER
4.1.7 %3
##% 7 1245 GREET2019 2 (7R3540 i £ (2019) 3 % b enFf d i o &

323w 5 &7 % (Gasoline Blendstock) ©

eROEE RS 0 e g R DR~ R E R R R ST R TR
GAeiko BR BRI FHE Y BHERD IZASTR D 2
PRE P ihlc s # VBB 654g - & i pLE £(6.54gC02e/M); b %
AR D e sk 0 BT R RIT 0 MR  lks F YRR

126 g = 5 et F £ (12.6gC05/MJ) o F]pt gt FE B Pk il s & 7 £ B

,.n

19.14 g = § 1% € (19.14gC02e/MJ)
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Yl

R G D R e TS > RSN R A

e

(2019) o pLFF BB c il s &V £ 8 693g = § LA E £ (69.32C02e/MJ) -

BIFRPEE 0 T E w0 F] A R H P e
FeEm > R LT E R s yEEREZ IR PR

J=
il TRERRIGER G IMI BT E T F M Rk 47 4

PENTH A2 R R F MO E < TR R EE R A

34T U ZIFREE F AR

Emission Factor Activity GHG
Dat
(gC0O2e/M1J) aw Emissions
(gC020)
Manufacturing & 19.14 IMJ 19.14
Material

Operation & 69.3 69.2

Maintenance
Decommissioning 0 0

PR AP R
418 FE& v R

ML R R AW R EAcR 4] 2 £ 48T B

g

Br o FRANALLEZ Mk AU E S BSRRRLR
EEFMPE TR Y EFERERE c FANRY X UL FD i

BEF
$ g 11(1.02 gCOse) » H = 5 sk 4 5 3(1.14 gCOs) » < B i # T
558 (11.86 gCOse) 5 W 5ot IR ® 143% i $a 14(88.44gC00e) » B = 5 % A 4
5 (137.66gC0s¢) » X 4 %% 5 % $ % (271.96 gCOse)
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100% o W
90%
80%
70%
60%

0%

74%

50% 96% 99% 96%
40%
30%
20%
10%
0%

26%

Wind Energy Run-of-river Solar Energy Hydrogen Coal-fire  Natural Gas  Gasoline
hydro power Power Energy

W Material &Manufacturing B Operation&Maintenance B Decommissioning

Bl 41 2Rt i 4 GEIFERZ iR
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% 48 EaiRTEA SEHIFE R R F MER ik

Manufacturing& Operation& L
. . Decommissioning Total
Material Maintenance

: gCO2e/MJ 0.98 0.02 0.02 1.02

Wind Energy
Percentage 96% 2% 2% 100%
RUN-of-river hvdro power gCO2e/MJ 1.13 0.0045 0.01 1.14
yarop Percentage 99% 0% 1% 100%
Solar Ener gCO2e/MJ 11.42 0 0.45 11.87
o Percentage 96% 0% 4% 100%
gCO2e/MJ 2.37 0.02 0.02 2.41

Hydrogen

Percentage 98% 1% 1% 100%
: gCO2e/MJ 6.79 265.07 0.1 271.96

Coal-fire Power
Percentage 2% 97% 0% 100%
Natural Gas Ener gCO2e/MJ 36.31 101.3 0.048 137.66
gy Percentage 26% 74% 0% 100%
: gCO.e/MJ 19.14 69.30 0.00 88.44

Gasoline

Percentage 22% 78% 0% 100%
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AT EE R FMAE 2R 5(1)2030 3 2050 £ i<
PRIEFATH 2 BRD BFQF AR AL GAL AL BER
B o JF RS R W T 0 B AR AR 0 4802030 2 2050 #
FIELRZFAMBALE 2 LFES 2030 £ (RRH TFH TR

(INDC)~2050 # e (R % # W€ 2 § 2952 ) (GGRMA)Z £z p £ o

42.1 2 AR D B F P

AFFALFEFRFFEE(PHLEDE PR EIPANVHERF
TR S B 9 195 AP FALQ020)4 410 F 5 L ¢ 4 2012-

2019 & 2. & LT 9@ * L3 gut 55 5 2% 0 FJH A1 F gul )i F)pt A pE
THH PP FEL R TR R R o & 49 5 i I FE(2020) &
2012-2019 £z #§ 3 FEL e @ * A hRB - p ) ED s p ¥ B
2458 HcE o

F OB D Rt b A 49 T U E L P R 2T s T H DD
BFME L FFELP R AR & YRR R B F) K 2030 F) 2050
£7 b 4ok 4100 H P 2030 £ E42Pp<Global EV Outlook 2019>(IEA,
2019) » 2030 & > zf P d B B 5 5 30% 5 2050 & £ 495 7 Tk iR
FHRE2040F 20 2B THD o
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3049 1P B L BE

Total ) BEV
Year ICEV Sedan Truck Motorbike Cor Motorbike
2012 21,608,942 5,754,990 556,051 15,107,697 100 31,902
2013 20,776,335 5,860,317 565,304 14,156,680 115 38,373
2014 20,447,893 5,979,971 573,794 13,693,557 153 42,315
2015 20,503,827 6,104,493 580,636 13,609,692 240 52,010
2016 20,554,409 6,159,375 583,804 13,596,366 286 71,846
2017 20,672,767 6,220,636 586,777 13,641,569 779 114,013
2018 20,736,283 6,275,884 588,008 13,640,887 1152 194,633
2019 20,769,227 6,314,126 588,896 13,632,979 3597 359,934

# 410 4 #F 7 EEBEXRD I F(2030-2050 #)

Low-emissions vehicle

Gasoline Vehicle

BEV FCEV ICEV
2030 20% 10% 70%
2035 25% 12.50% 62.50%
2040 30% 15% 55%
2045 35% 17.50% 47.50%
2050 40% 20% 40%

4.2.2 3 £ FHEP

-

e
XN

FRIR<SR I R G PSP >([F otk B F 3 i 2019) % 5
SRR AT B P R EE (YRR LD ) B 6T
4 002% 0 AFFEFAEFEH T BER BT EH LR LG EE
E AL R o gt AT 95 Gorgess etal. (2018)3& * = g #ic T 2 (Triple
Exponential Smooth)3g i#] 2020 | 2050 # e 5 FE 424 £ > 2 MAPE 5

2.6% > F1H @] 10% > ,El”ﬁ BAHER > FFPBEFACR 42
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Bl 4.2 # % &2 3R £ (2020-2050)

423 BRFBRRH
2 ;ﬂ AR 3 ’LE]#‘ ) Tl - IR B el S e e 5"@ 'ﬁ‘ﬁ’:'r }’f%‘_ /‘?f

FERPE RGP TP RERFE A 52 B 58 (Scenariol -

Scenario2 ~ Scenario3 ~ Scenario4) °

B3k B8 — (Scenariol)¥* Gl4r4 4.11 » B 4935 @30 i & 0 2025 &
SR R GRS B R B0 B 2030 £ ERF AL REL T 25% 0 4
SRR AFETEABAFT T A 2027 Eigs 4 e ke T
Pl A4 SRR L IR E TR S X AR E T R4 A 50% 5 2050 £ P oW gt

Friw A ARM T 0 FIR AP T BERF A AU E T E TS L 5% @

&

.‘vt‘.«sé)‘ .4_ /ﬁ\,s%?g,},ﬂ—r%/ /’*;){av R

B3K 18 = (Scenario2) 't bl4r# 412 B F R hH T £ T
10% » @i e T & TR0 10%5 P& 21945 41 &9 > b 4 537

BOE A B ES V g TR PR RL R SRR

|

ABFRREE T BN RN AR A BRFT R FOERKRFTERZ e T

R R
55

doi:10.6844/NCKU202000810



B3K 8 = (Scenario3) 't b4 4.13 0 B 145 %

2

i vt

Fs T

3k H 4 v (Scenariod)

]

LL K=
WU A

o £ 15% o R

bl 5 32% B 50 A 2050 # 5 (S i R ) 5 80%: @
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FRe B & 20%
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7~

B2k 2025 1 2030 & %

15% 5 P #% > I 42 3% <Global energy

transformation: A roadmap to 2050 >(The International Renewable Energy

Agency » 2019) > % 2050 & &

W R

100%
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|

Scenrio 1 . Scenri
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70%
55%
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|| 45% |‘

2050 2030
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M Renewable Energy Total

Bl 4.3 L BHBETHFN N R Gy

AL SR

I~ b 4

70%

‘ 30/‘

2050

02

»LL
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b % 86% 0 &

2

B & 14%2

LL K=
wUARL

vt

86%
80%

68%
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Scenrio 3

65%
20%
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| |‘ 35B/.|
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Scenrio 4
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411 BB 1508 R SR (2025-2050)

Alternative Energy Traditional Energy
Wind Energy |Run-of-river hydro power Solar Energy |[Total Coal-fire Power Natural Gas Energy Total
2025 6% 10% 4% 20% 30% 50% 80%
2030 9% 10% 6% 25% 25% 50% 75%
2035 12% 10% 8% 30% 20% 50% 70%
2040 15% 10% 10% 35% 15% 50% 65%
2045 18% 10% 12% 40% 10% 50% 60%
2050 21% 10% 14% 45% 5% 50% 55%

Z 412 BB 2 5 A RE &AL R 5)(2025-2050)

Alternative Energy Traditional Energy
Wind Energy |Run-of-river hydro power Solar Energy |Total Coal-fire Power Natural Gas Energy Total
2025 6% 10% 4% 20% 30% 50% 80%
2030 12% 10% 8% 30% 20% 50% 70%
2035 18% 10% 12% 40% 16% 44% 60%
2040 25% 10% 15% 50% 14% 36% 50%
2045 32% 10% 18% 60% 10% 30% 40%
2050 40% 10% 20% 70% 5% 25% 30%
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% 413 BB 3 R B AL R0 5)(2025-2050)

Alternative Energy Traditional Energy
Wind Energy |Run-of-river hydro power Solar Energy |[Total Coal-fire Power Natural Gas Energy Total
2025 6% 10% 4% 20% 30% 50% 80%
2030 15% 10% 10% 32% 15% 53% 68%
2035 22% 10% 14% 44% 12% 44% 56%
2040 28% 10% 18% 56% 10% 34% 44%
2045 35% 10% 23% 68% 7% 25% 32%
2050 42% 10% 28% 80% 5% 15% 20%

Z 414 B EB 4 5 a0 RE &AL R 5)(2025-2050)

Alternative Energy Traditional Energy
Wind Energy |Run-of-river hydro power Solar Energy |Total Coal-fire Power Natural Gas Energy Total
2025 6% 10% 4% 20% 30% 50% 80%
2030 15% 10% 10% 35% 10% 55% 65%
2035 22% 10% 15% 47% 8% 45% 53%
2040 30% 10% 20% 60% 6% 34% 40%
2045 37% 10% 25% 72% 4% 24% 28%
2050 46% 10% 30% 86% 2% 12% 14%
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424 A#EFBETERETF P RE

AFETRAALE LR F WP AEE 422 ) FF G EE
MEFH O FELAFFEE R MR o RAHFB K T 5 2030
#£2 2050 £ & (B R FH FE) (INDC) ~ (R 2 4 W £ 2 § 2ys
£) (GGRMA) % B3k 2030 2 2050 & & 2% d > 100% 574 & » &

Af 3 EE R % 5 W (BAU2030 & BAU2050) -

‘fq#%\z\ 4.15 #F] é?@"i ’ ;:’;: 5 gé‘r#k—giﬂ 2030 £ 2 2050 & A
W 5 2,743.99 § e~ 2,640.51 F « e 0 Ap gt 2005 F £ 2,954.15 F
M0 BT AR BRI 2005 E R 0 T B R R AL L

AR PR KRL - 0 DEAHAREF L R F MR R R

415 AHEFBE T+ BEF PR (H =18 2¥)
GHG Emissions
BAU2005 2,954.15
BAU2030 2,743.59
BAU2035 2,732.57
BAU2040 2,692.05
BAU2045 2,680.76
BAU2050 2,640.51
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425 BERFRTEZF Wi

FraFadd®y s @L R R 5 ()MREE%RD BT o ant
(% 4.10)% (2)4.2.3 /| & BR FH P > ¥ 2 2030 & (R Fp TIEY
FRx) (INDC)~2050 #:h (iR % f A £ 2 #2942 ) (GGRMA)R <

PR {7 o

19954 4.16 2 B 4.3° %2030 # B TH T > & EXK T8 = (Scenariod)
T (B R FEW ) INDO)Z P 52050 # Bk = ~ = v
(Scenario2 ~ Scenario3 ~ Scenario4) s it £ F| (B 2 F# W T 2 4 ZyEE)
(GGRMA)Z_ p & o F]J £ 48 B3K i85 v (Scenariod) = £ 4+ F T L F 3 §
u- Dok S

1Y 440 & 2030 E KPR FRI R 30%35 0 B 2 ER R e
(Scenario 4) % & T > £z § L 2,346.16 F o #Er 2005(BAU2005)4E £ 3%
2,954.15 F 2 @Apit 5 RS 607.99 F 2wE(6 21%) > ME T (R TP TIE
# F j¢) (INDC)2 P 1#(2,363.33 § 274 ; £ 2050 & (e d fmre it 60%
A B 2K B8 (Scenariod) vt T oo A E 5 1,149.87 @ 2 #gEr 2005
# (BAU2005)# % 2,954.15 F 2 wpinit > 5 1804.28 § 2 #(9 61%) i
T ED (R F MEE 2§22 ) (GGRMA)Z P 1%(1,477.07 §
= ER) e
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* 4.16

Bk BT FF F L # £ (2030-2050)

Year GHG Emissions (Ten thousand tons)
BAU 2030 2,743.59
Scenario 1 2,566.07
2030 Scenario 2 2,465.36
Scenario 3 2,410.74
Scenario 4 2,346.16
BAU 2035 2,7132.57
Scenario 1 2,420.51
2035 Scenario 2 2,286.77
Scenario 3 2,168.65
Scenario 4 2,111.11
BAU 2040 2,692.05
Scenario 1 2,146.97
2040 Scenario 2 1,966.63
Scenario 3 1,801.93
Scenario 4 1,737.51
BAU 2045 2,680.76
Scenario 1 1,904.70
2045 Scenario 2 1,668.63
Scenario 3 1,490.70
Scenario 4 1,443.02
BAU 2050 2,640.51
Scenario 1 1,622.71
2050 Scenario 2 1,266.83
Scenario 3 1,189.33
Scenario 4 1,149.87
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Bl 4.4 BXFHT FF iE E 2% £ (2030-2050)
2030 2035 2040 2045 2050
"N [] ] ]
-10% o I
-7% _Qo,
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Bl A5 BR s 4T 54 B8 Rp s
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43 877 EE2 PMos@E g B ngh & &

AT FFEE PMys #c B b IRGER & A L1442 S
WAE TR 0 ¥ Fl AP T A A ANE PM2.5 B (T AR M ety ] 0 T
Hr 2030 £ (BFh RFH FE)  (INDC) ~ 2050 & eh (if % F 4L
B2 F29%2 ) (GGRMA)# 2 p {38 {714 i
43.1 £ ik PMas 4 ihdicd

AFT T A & 395 Simapro9.0 2 GREET2019 » £ 32 1) & it ik e PMys 3
S th¥c o 4ok 417 o

2 417 % ik PMys 3k 4 i

g PMzs eq/MJ Emission Factors
Energy

Wind Energy 2.40E-05
Run-of-river hydro power 2.33E-06
Solar Energy 1.09E-04
Hydrogen 1.05E-03
Coal-fire Power 1.59E-02
Natural Gas Energy 3.80E-04
Gasoline 4.35E-03
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% 418 #4 EE PM2.5 kg (H = 9F)

Tons PM> s Emissions
Year
BAU2005 1453.02
BAU2030 1349.46
BAU2035 1344.04
BAU2040 1321.10
BAU2045 1318.55
BAU2050 1298.76

433 B FET PMascg

AFTRFA2 LS89 LR FHAR RG> 2 431 82
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FHFEEZ2 FEyEE) (GGRMA)E 22 P {R:E (710 4R o
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1453.02 2wt i 0 55 403.72 2 #R(5 28%) 9 PMas 0 i B (R T

YT RE) INDC)2 B 15(1,162.42 2¥) 3 2050 # M2 d fmss ik 60%
T B BB B w (Scenariod) fvd T 0 2B L 587.6 S wEE 2005 &
(BAU2005)4 3 i3 1453.02 2wt f1 0 5 865.42 2 #( 5 60%) 0 PMas >
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Bl 49 22 RET PMos# @ i £ 84 5 L 91 ek 30k
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(Scenario 4)jR £ K& T > § F F WP ¢ 1L 2005 & (BAU200S)E: 3k -
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