EE R R FTEER 168: 15-32 (2025)

N N S 3 A 4 4
ST A AR 2 mHAS

W =R

AREFEAAE ISO 14040 £ ISO 14067 12248 > £ A4 dn A HARE G (Life Cycle
Assessment) 1772 » T ELEREORE L2 i 2 P2 - SRAh B S RS -
BUSHIT ~ i - EAFIEE: - sURdEREUR - & ke BOKE AV EPT
2.07 kg COse » Lo [FURFHUA P By HH RS Robig Ui £ 2 A > &5 ST
Y70 % - RSN TEEAPEE RS 9 %EL 19 % o fEHRERSET > FEEk
PSR R e BT — > Ry EHEES > HIOURE (L S PR R (B E R
S lmHIBRDE #2R EE R Ry N P& b frey £ AR &9 P ey —FLAE -
B H A SR R e AR SR IR e A B > VB REDK EE A B Je B = YR T R =
RiN&E > BUREEAER AL EM (L ARCRAEGE e EIyA (LM - &
Pl B ERERN B BV R RO N Rk R - B HCH ] 2 2]
PRSI - BEAGI S » RPREE SubRFEN BRI SR SR B s FH T Rl 5 B A
Rz > BT B B EARE IR FISCR Btk e B BEEL SR © IR R R B HE
Jea el g R R L AR 2 o B FE DAV PR e A B~ I 278 2 e o B B e PR R
il D = TR i QN il ST ey A 122 S B2 WPR vl wl I 25 = & SN
BFFERRA (E B R B R R 2 fnbi e B Z S5 RERF - et AR B -
AIE R R EESEHEE AT AR ~ (R SUF B EBERZ HE S -

RASRT : Bk ~ ORERAS - e DR EREESS - AanEEEHE ~ AEE
AR~ HE

D R P B RS SE R 1113 5
R R R A BRI BRIBIAE & -

d E e P R S BRI BRI ST B -
SR PR P B R ER RS & -
Y E e P R S BRI BRI B S A
*HEE - =L > Email: wuyc@tcdares.gov.tw
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ifl[

Hil

RIFEBBIR KA OB 2RSS B A E R = R 2R
BRKR - MoREREETERBIEY 2 — » HAEEMEED K AR - KEREHE - 1B
Tt A B R E 2 (EERED I U R = R A8 1R i 2R 2 1A DL 22 i A A
RN E AR FTA TSRS - HORZE RASHEIY FEE » SLEZE MR 2T > R
e /& B e AN 2 o 2= RASHEIN B RV E 21T » e E T - T - UGFE ~ i
EWEHE R M EEN S EMSEL o W H ARSI EIEE R T 4 d B HIRE G (Life
Cycle Assessment, LCA) ; ZRHEFTEETL(ISO, 2018) - AR LHYER 2 BIaTAL - A& E
(ERPRAE FEEIIRIE 2L » TNA B E(RIRESE RIS > Ie S B R R ik 5%
f& o Bk B2 =REEYZ — » FRERENREE S A EZE AT - KRBy
FH B E R (EAE B e B 48 b an 50 o5 2 PR ZEHERUN 10%2L_E(FAO, 2024) » HA KA 7E
HBb & B8 S 2 A — A EIRY FoR B/ N 2.7 %84 5.7 f5(Ritchie et al., 2020) - FHEE
R R e & A 2 2 155 (Blengini and Busto, 2009; Hokazono and Hayashi,
2012; Janz et al., 2019) » ZA[ > B AIEERRE LR EPMHRBIH I HE AR - TH
e B2 B BN S E /KRG EE B Y I HATE RS AR RS A5 > 1999) » (RIEE SRR E LY
i & BIREEAd A HLA B - AR 5 A A an ARG U704 ot 2 SRR E MR 2
Bl MRS A d FEEA T > DREERA RSP EY o 5 Hh 2 Pt 45 R TR i s
HYENE(hot spot) » 1E Ry i SIS it E AV EE ZKTE - DUE 2 EFPREREE AR FEH

LR

MR TTE

— ~ AmEEFEER

LCAREJRFA 20140 FRHA - SAE 19702 19904F F R S 0T R BE T S - )]
LCATEZHN e RERER - DR IRRCR MR R HUEFE - BB RN IR Bk
HIBE Tt - A= o o BT AL Y FE FH i B2 s f - 7% 1993 47 TE 204N A B P AT A 4H 48
(International Organization for Standardization, ISO) 14000447~ - FREIEISO 14040%8F & >
LCA B LR EE e RS ~ I ~ B4 - il 355 - (HH > B2 REEERHEN
SeEA ay P HHEIR A 2 > HET I (AR B RS AR ~ NBEEE A AEREZ (SO,
2006) » W EFEARWTTAT R AR 2= RASTEI EdER S8 - — M= - A an MR G A
FEA(E F 2P EE ¢ (1) B fREL#I[E 5 € (Goal and Scope Definition) ; (2)4E @ EHEARE & 347
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(Life Cycle Inventory Analysis, LCI); (3)4= &7 & HAE #& 5 (Life Cycle Impact Assessment,
LCIA) 5 (4)4=n FEHARIRE(Life Cycle Interpretation) o [ 4= p FEEARE(L > b - $H¥HE =R
BEHEREY TR 2P BEEILBISO 14067 FAFAL(SO, 2018) » AMHFEHRHcHE Fafta(E
BR o B EERORELIVIR EPIE - WNREEETEITERARREA -

— - BEHEERRATE

" HAREETUE | R IR GRS 2 LR REEN D AfEER
TH H K E Tl R e B Bl S HGE - AWTERAEITRDRE bk e B EENELL - IR
PEER LUR 2 AR R PR R B ST ZH H > FEaHILURE B R A FIY] kg HZ2 i8S
SR RoaPALEEAL - BRI /2 Bk FH/KRE & T 1945 il B - 5% el £ B2 DA oK
BIES ERS > NI FIHAER G A S sl = > s B E SRR e B T RER S
o ok 25 E U By 24018 57 (System Boundary) » RIJUERGERERIEE » FkEEEET
TE/N o QAR S TR R E R S S HER T ERE R - ARS8 2 MRy
HE AT BB NTEE £ - AR Z 2 uE SR aRE SRS E: 1 FRHUSIEES 2.
BUSHI TIPSR © 3. EERPEES © 4. PSR 5 BEFEPEES - WRHRIRIEES RPE BB TIR B0y
% SRASH IR & - A ZE i 2 FE SR RCAIER — PR » REpRE i Z 7 i AH R B4
&R aoREEM -

T~ A5 HEE AR
Table 1. Constitution of the product in this study

Target product Ingredient Material Weight (kg) Ratio (%)
Polished rice Polished rice 1 99
1 package of
i Package PE 0.01 1
aromatic rice
Total 1.01 100
= SamBAEEE SN

ST Eal Az IS KPS E: > #EATERRR JEAHRA ERIAVAR A - 2l il T
1R PR B

JFURT ISP e L AR A AR R A 2 e RS P B - RufEheafeedl ~ 5
E{ESE ~ HERH - S - TEAE - e srE - JOEESE - T st HE(E SRR A
ERPEHRA RV ER BRI mm R E - e E - B OMHEE - 5EiBiE
HERHESEH & ~ B AR ~ AT £ - FEiCERTDEE e g 2 2
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ZEfSIH & - HESRE R H/HEE - WERERRE - IR E B AER R E &
ERFDRE R RS mERAESERDEmEARER ISR SEENE

L EPREENERHE - 55— J7H » HE RS b 8 BRI S ikHEE RS - [HIHH
DI 528 RASHEBUS I TaTE » AWt 2 S B AT AL —HAME Bl AEAE
FHATE180.6 kg FHLEE14.408 kg EA LI EGRIESS » 2024) « FLAN > REEHREMNE
HELSH & 0 IMEM PR TR A -
2. BLE N T FEEY

T REL% - B R R THERZ ~ TRBIBIEAS » FLPEE /B P RER R A E] 2 g
SRHERZESE 2 RS VAR - IR B A EENREAEE  DRZREHAHE S
ZHBE > WREHBOREES  FBHHERRERDGEEREESR - BI04 8IS
WA A REENERAE  (FA N PR ZRFETREIERPRIR -
3. ZE P

TERERETR > JH DL S E R AR S 2R R AR SRR SE R AR 2 H R %
IR LG B s S B RGP ERRSARAY A - (B E S CE . AR - A
SRR - R EEECE R - Wt BB A RER 2 Em AN E -
4. (IS E

AR E R Z S B R = oKL & H > & AR R A REREE
SRS HEHE FmZEIHER  LEEBREENORESE  WHHEE
FrLECRAE > BIAfSHEAI RV R B EE -
5. BETEMEEL

HPCRERE RICRAREEY) - IBE R RIS M oRkEL 2 BEREEFE
f#0.01 kg » HE FliHEL0.012 kgCOqe > (LR 4B B BRI 1% » RIELARISO 1406717
FE - B BN T AR AT
£ EHBE R

FFRIPE BE 2 M 455 - BUFERGE ~ S8 ~ BRAC - $RAC - BB5E - B ~ JR0M - 42 -
FREHEOR SALEE EHRES IR B IVIRHHAEOE TR E > RIS B SEE 5 sk
& FlE{ERRPEGEEEY IR EiRBHAEBE RO RS — i E RS - 28K
i JE P& 2R ~ IPCCER 7S IR R 25 ~ DUR A= s I HARE (S A& SimaPro 8 1 HYEcoivent 3.8
EilE o REEEME HiRE AikHEE%  HETI04E - BIGHE A FOoRE SAVEEhR 2 B
DB P B o 40 2 B R > DASEAS R HEELEL(Hot Spot) ©
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Table 2. Inventory items, carbon emission coefficiences and references of LCA inventory
Stage Inventory items Coefficience unit reference
Rice seed 1.8 kg COze / kg Primary data
Liquid nitrogen 1.8 kg COe /L Ecoivent 3.8
Raw materials Liquid phosphorus 0.847 kg CO,e /L Ecoivent 3.8
(seedling Liquid potassium 0.61 kg COe /L Ecoivent 3.8
production) Prochloraz 14.41 kg CO,e /L Ecoivent 3.8
Carbon footprint
Electricity 0.59 kg COe /kWh ~ _roon 1ootpHl
information platform
Ammonium Sulfate 0.5628 kg CO,e / kg Ecoivent 3.8
Urea 1.65 kg CO,e / kg Ecoivent 3.8
Ammonium type nitrogen 2.68 kg COze / kg Ecoivent 3.8
Phosphorus pentoxide 1.18 kg COze / kg Ecoivent 3.8
Potassium oxide 0.664 kg COe / kg Ecoivent 3.8
Lambda-Cyhalothrin + )
) 10.28 kg COe /L Ecoivent 3.8
. Thiamethoxam
Raw(r;altgrlals Kasugamycin 13.69 kg CO,e /L Ecoivent 3.8
ie
cultivation) Tricyclazole 14.41 kg COe / kg Ecoivent 3.8
Carbon footprint
Diesel 3.34 ke COme /L | arbon footprin
information platform
. Carbon footprint
Gasoline 3.01 kg CO,e /L . .
information platform
National GHG i t
Methane emission 27.9 kg CO,e / kg ationa VRO
report
National GHG i t
Nitrous oxide emission 273 kg CO,e / kg ationa mventory
report
Carbon footprint
Electricity 0.59 kg COse /kWh ~ _orooniootprn
. information platform
Production Carbon footorint
arbon footprin
and Diesel 3.34 kg CO,e /L ) ) P
) information platform
Processing Carbon footorint
arbon footprin
Package (PE) 2.02 ke COse / kg . 1100tp
information platform
. . Carbon footprint
Transportation Diesel 3.34 kg CO,e /L . )
information platform
Carbon footprint
Use Electricity 0.59 ke COse / kWh arbon 100tprin

information platform
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F~ EanE RRRERE

SER R E LAV R RS S 1% - PIHELTET 20— HRET - A ST 208 R E i
B [BHY R EE i E BT TELER » AT 225 2 FTRE RN © 55— U7 > s ik 2 B
PGV ENERFTLE - AT T RE R SRS 1S 5 - 1 AR K R R R A A SR EE B 2
:% o

T e

WeHT 2~ PR 2E i AR an P RN E 2 B IE EH - T ORI SRS B (L HE & P Bl
FHREIAEZ P ) ~ Bas I TP B ~ EEmPEES - (H S S MEPS LB IR A - oy
AR H RV R - R R kgHPRAVIREE » 2277 Hla0 T -

— ~ R ERIS RS Ex

JRURHE A P B EL G A i B FH R B > 2yt dl®s -

BHlEEDE—IEREN  ETEE R OIIRIHEE » B TE HEFEREE - R
EURR/SEAE - DM BEERIDANE TR o W RIRATRE — 2 %8 i1 L E s+ B
TERVEE AR FERL I & (175,00082/ S 8AF) » ST REIAMEZIEEAVREEE - UKL Z
RBEEE » REAIGEEEAERHEIRLE HEG008/AH) @ sTREHEABEH ALK
Bk > A6 DI 2 A BRI H R EE (5,075 kg/ D) » 5T E kg HRAVEL
HiREE o STREGERNFR = GREUR > T A R - A E VRS I I PEL F5558
g COqe » WHELEF A HEPTEHAVILETIIREEF167 kg COze > Bkg R HIVRLEBRBEA]
720.033 kg COse © PRI AEFEMSIET » RFHGEER AN > T EiafEed s SR » BENRER
AL B R SRt R AT o0 ik > (HEHEARZ > HILETERIIREEERE A = - ATA
rFTtat > B E SRpR A IR EBIHY5%LL T (O » 2020)  EFESE S AT T
BEH20 %LA FAVEERZR - (HER RSP E MR E AR - HIt - AEEZR I
EH - EEH)IKERSE R EERE T X EEENREER RS 0 1]
DR NI =E =

RS 2 1% DU AR AR Ry B0 - (R (E T B Gra R -
L~ AR - EEE - USREDL K R EEEFERCE T E M FEH B R HEN ENVEE - FRIR
A — Z iRBHAECETH R AU A BB R EE (5,075 kg/AH) » 5FE
kg HRATHREFES S IEREE - ST HEGSR NIRRT - SERER - HEREEIREHE A HEE
F]7.2 Mg COse * M kg H RAVIRFEAE LR TN ZEE]1.42 kg COse » T E A H P HEFEHE
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x= - BHIFEEPLZRIPEESE - WA E O EHEIFE & 5 175,00082 2K
BRI AR
Table 3. Carbon inventory in seedling nursery center of each cropping season. The carbon
emissions per tray of seedlings are calculated based on the seedling production
capacity of 175,000 trays per season.

Carbon Cgrbpn Carbon ‘Ca.rbon
o emissions .. emissions per
Inventory items amount unit CTISsIons per tray of CHNSSIONS pet kg of polished
per season dlings ha of field rice
kg COqe kg COqe
(kgCOx) (o cop)  (ECO) (kg COsze)
Rice seed 52,500 kg 94,500 540 162 0.0320
Liquid nitrogen ~ 5.18 L 9.32 0.0532 0.0160 3.16E-06
Liquid
6.47 L 5.48 0.0313 0.00939 1.86E-06
phosphorus
Liquid potassium  5.18 L 3.16 0.0180 0.00541 1.07E-06
Prochloraz 31.0 L 448.0 2.56 0.768 0.000152
Electricity 4,406 kWh 2,600 14.85 4.46 0.00088
total 558 167 0.0330

X~ HESEAbEE SFER LA R A R AR 8 A b C 2 R Ge BRI - SR o AR
IRBEAY70% o HATE 3RS BEIRRPRIRBESUR F - 2P 280 45 H H RIS 2 i P 4
ZHJZLEE(Blengini and Busto, 2009; Hokazono and Hayashi, 2012; Brodt et al., 2014) > HE
R HIR TR IR 2 R B e - E 2R R /KR A E KRS 720 fhE 1
HAVERRR Z N EEA Y F o AR B R A TR s PR e - RS F /KR 28
RAHSRFE 2 KA F (Kim et al., 2018) » HEE R 2V - Sn iR (el F i i E
MR KB R A S S aV BRI > 2810 > B ATEF 22 0IRER 2 fhi 2 BBk F ES BUR SR (88
7B 4H 4% (Intergovernmental Panel on Climate Change, IPCC){&%k [ 22 e HERUE fitHA
B WNRE HIENBERU S E A sE A iR 2= BB SR EE M » R E#E TTER A
B Ry tEhfE H S BN EF R 2mE IV FIZIDNDC modelHUft 2 (0o et al., 2020) o [£4h -

RS ban EHERU 2 58 L TR E R 2RIV EAE - 72 LAY R B F
Rz TEAR B2 RS S AR =2GEE - AR H AT L2 S £ Z DE
7%(Haber-Bosch Process)®diti » L& SR G RAL200 K FEREL400°C HYARER T DASK
3 Ry AL > LS RAY T 3\(Smil, 2004) - FXRHYERJBLEE > FR M AVRETRIEA



22 EHEENESN RS E 7S/ U
R S S ACH S i i E FE AR TR - thr 2k R EmdE > HE R =R T2
NFE > ERUNEACAE SRR RV -

VU ~ HHRERC A B A At A B B T kg R Z B A4S R
Table 4. Carbon inventory per unit of field area and per kg of polished rice during the field

cultivation
Carbon
Carbon emissions per
Activity Materlal .us¢': or amount  Unit emissions per o of polished
direct emissions ha of field rice
(kg COQG) (kg COze)
Land )
) Diesel 55.9 L/ha 187 0.0368
preparation
Transplanting Diesel 5.92 L/ha 19.8 0.00390
Fertilization Gasoline 2.63 L/ha 7.92 0.00156
Ammonium Sulfate 440 kg/ha 248 0.0488
Urea 80.0 kg/ha 132 0.0260
A ium t
- MOMHMIPE 960 ke/ha 257 0.0507
Fertilizer nitrogen
Phosph
OSPHOTHS 240  kg/ha 283 0.00558
pentoxide
Potassium oxide 48.0 kg/ha 31.9 0.00628
Lambda-Cyhalothrin
. 0.0789  L/ha 0.811 0.000160
o + Thiamethoxam
Pesticide .
Kasugamycin 0.0152  L/ha 0.208 0.000041
Tricyclazole 0.228 kg/ha 3.29 0.000648
Harvest Diesel 11.8 L/ha 39.5 0.00779
Direct Methane 181 kg/ha 5,047 0.995
Emission Nitrous oxide 4.41 kg/ha 1,203 0.237

total 7,205 1.42
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= BGEMITREEL

FE FHEREERUER - X BRI TROE T HE— P I T 8BS & > ORI T
T EAEI TR ~ BRI B R B AR SR 3TAESE - Ho o i B A R A A Ry ot
HAE ~ EIORMLUEMER - PSRy &R DK B BT - 45
WFRTL - SERBURIEPE BBk g HORR FELY £50.182 kg COze » HorpifiE— 2K 5 FZ 1
5 MR BPRERIN BB EA(R B E BRAS) » NILIRE BRI ER AL A
B ERE > M EE S AT PR ZR R A 5 B 3 2 (Moresi and Cimini, 2025) »
GRS TRy i FIAORPRIN TR mA PRI SR - BUBRE P BUERY
WGP » i R A PR A LR AR B2 RO B AR AT RERE - 16 & R B G S I i R Bl e 4
{EAERRAYEREE - R L AR LE P& B A i —20 38 -

R RSN TR ERATRRPPE SR

Table 5. Carbon inventory during the production and processing stage

Carbon emissions per kg of

o Material ) . )
Activity amount Unit polished rice
use
(kg COze)
Drying Diesel 14,000 L/year 0.103
Polishi d
ol mg n Electricity 45,228 kWh/year 0.0587
packaging
Package PE 0.01 kg/product 0.0202
total 0.182
= B

IS B EFE2 Ay - 5B — R R OE R AV RERE i SRR EE - 55 R
SRR AR T Ry E i » RFTZE 2 22 B EE S RGN A » b 0 o Ay 23 S 5 P K B S oA
fy > HEAbRPEAHRA RV & R SOHE R - NS B i & MR S 7 fnln] 5¢0R - (E PR EL
AR ERESE - BER(E I T > BhREFHBRV IR B R - MAEGEROE N - &
SRR > IEPSEEIT kg I RERHELT £50.439 kg COze » By T 222K H I~ & B 57 FH B T-88iY
BIER > S5 > Em SRS EREHEASOHHE - A ER SRR B R
LUK #i##i(Brodt et al., 2014) - ERAVERTCRIEFEGE - HEE L HRAREHSE
AR I EETEE R AN A5 - A A e B A LA e £ R (B LA

=4

%o
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RN, L P BRI A R

Table 6. Carbon inventory for transportation and use stages

Carbon
emissions
.. Material .
Stage Activity A mount Unit per kg of
use . .
polished rice
(kg COze)
) Grain transportation Diesel 10 L/trip 0.00418
Transportation . . .
Products transportation Diesel 80 L/trip 0.0411
Use Cooking Electricity 0.5 kWh/time 0.393
total total 0.439

P9 ~ 4 an A HAABETG

HIGE DL B R IBERRFEGE IR - EBWIFR L - FkgHORIR EPI4EET 552.07 kg COze » th

% H AT A S B2 dubhik R BIRDRE & > B2 ~ 10 - 2R E - Higke
IR E PR E 1.0 kg Z24.0 kg COLe VA ik @ BIHYZE SR T N ESETEHE 240 fufd -
HHI& RS - TIEE A RE R BN T RSB bbb - R fE H A — & el
a2 AR B ST o 55— 71 > A LB A S BRYAESR - IS B 9T B AR BRI
E% » RIS FIRRE RS EL - AW9E 2 Bkg R 2P fy1.68 kg COze » =il H ARG &
H11J1.46 kg CO,e (Hokazono and Hayashi, 2012)E13EE]zF{4HY1.55 kg CO,e (Brodt €t al.,
2014) » (KA FEAFIRAFZEY2.76 kg COLe(Blengini and Busto, 2009) ; A #i#E70 %K EH
JFUR S FE B » %5 B EE B JFURT IS PE B - RIARHZE 2 1.45 kg COze B HH BRI 22 B
(2.97-5.55 kg CO.e)(Thanawong et al., 2014) > fj & o 57 HE o it [ AH & (1.50 kg COs.
e)(Wang et al., 2010) - tFlEsR - =& H pitHEEu R P RAEERZ AEFBIH A - H
AR E YRR B M R S B2 RRTENE B AR A E — e —(EEAE - &2~ o
T~ B EH BT B E RS RILEAIREPR 2 b S B RIEME - SEEHIN
FokE R 2 AT mRR R B & 2 n A HIYAHH Y 2%(CDFA, 2013) : HAJTHE#EZA

e A AISEE > (2 HAK S H 8% /E%f;iiﬁmﬁﬁi COEHE 0 R RERAEDR B AR EAK
AR HH R B HE(Hokazono and Hayashi, 2012) » 228 /KAgIEET S B0k ES 7 BT
PR EA » KRR RIS T E fERE A -
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=t~ BIEECERRZ B PR 7E AR 2 BT

Table 7. Carbon emissions contributed by each stage and the total carbon footprint of the

product
Carbon emissions per kg of Percentage of total carbon

Stage polished rice footprint
(kg COse) (%0)
Raw materials 1.45 70.1
Production 0.182 8.76
Transportation 0.0453 2.18
Use 0.393 19.0
total 2.07 100

A~ AIRERYRR R R

FHATFERFG S AR BURNEZIER R A dh i e BIAY B ENRE > 3 B HH R PR

HH R R b SRR S A RS R AE 7 RZIRFERE - 24RRIE37H H PRET AT RE kbR s -

1.

FHE e FEI: 2R 7K AE Y R GEHER - rT e & R R L R B i B [ (R
LA T HE T o HNMESHYEEK DT NS B H M g A m e e KREHE
B R FEAT 2 )7 ST T s - BFERH 80% B (Alternative Wetting and
Drying Irrigation, AWD) & ZE % Z= 1 [ (Prolonging Mid-season Drainage)’ 8568
RIS RE 22 /D ] DL AT 50% Y FH R R Be BRI (Linquist et al., 2015) » A A HZEIR
T[] 5 S Y RO BE T =Ae Jek D FH RS FRGEHE R 30-70% (B R AR 28 7%) » BAEAR[EIZK
feimiE 2 R AR A 25 S5— 7l AR IR IR A FE R4 52 %1 FH RS FE etk
X (Liu et al., 2019) » 781 » N EEHECERSGE RREHE > # X BRI E SR
WK > A AR AR I B (Carrijo et al., 2017) © 55— 51 » & B R
TEEEHR - SRR TSR R AVE BN R AR - T H AR R S
HJ260-75 %(Cordeiro et al., 2024) * MAEASH 72 AR AT [ (EK50-80 % BEFF
(BRIARER)  BUREEEZIY RS s - (B ES RS R AIRIRET R & -
NEVE RS » BRI R 1 52 522 (Cordeiro et al., 2024) -

. A S b E e B e RE: HE S b G E - AU HE SR £ - 8

EHEHLHIEE S/ L S S IE & 2 5 8 IEFH R (MacKenzie et al., 1998 ;
McSwiney and Robertson, 2005 ; Halvorson et al., 2008) » HZASHY HEIHEER/D » F 2R
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Rz —TER BA R THEREHFAIRPREYS SR ECRHEO E &8 5 B EGIE
AEEY A (AR RE - 2025) » BFFE /R E H S AL EYE - S/Csi S HER S
S > H 2 BHEETEAARE(Cole et al., 1997 ; Freney, 1997) » H &M FH EF%(E » &=
] H D B ARSI IREE > MR EE BT R EE AN > ARl ERTR
SR AV I R S S E R YIS I - MBI E (Guo et al., 2024) » RIIE R
BRI L & A FERE R R E A E - 55— 07 SMbin R EL FEEREAE
FRER TRC R FE AR E IR AR > PRI o] i R 4 S S S I AR A LI (Mosier et
al., 1996; Yan et al., 2000) * B T2 =5 AEHEHRER » R ESAEEHAEZE 2SN - KR
R EEE EAVHERT

3. RZIRVEZENVRERE: TR K T EBRZEN2 % » ME#EENEERILATZE
13-14 % » R FTREGHERIRE R KT a8 TFEREES IR ARz -
EHARAEZEL R SH - RS A REMEL SRS HIR IR PR RIS
SRR IS B AR HE - T 4R R I B = Rl AR IR R = 55— > AT AT
B > e R S - (oK a8 EHREZE27-28 % » HEn
B FURERER OK 7y & 2B E30%) » o] B4 HEaZIR Rl PR TR 5 A DR AH R AR
HE > BTAWFERCRET » WS FORBUINEIK 3 /01 % - B TR HERZIE v] R )
3-5 kg COze(Choudhury et al, 2023) » [Tk 51 » #/K T2 EES % @ AEIEBEELS %
HIERZRHE(Miiller et al., 2022)  55—J7MH » AIIEREYVEREIRACE (G » BEH
BRI RIEYIRERL > Tk T B2 Geat nI A RER Rk (E R BVIR) - mlek/ VS0 RE
PSR VERBE - i5TEEH - BRI R R AR 2R RS - A A] DL D97 %HY
fHE(Quispe et al., 2019) -

i am

AHZE LA dn R HIEEELCA J53% » {RIEISO 140408HISO 1406 7FE4E » HE 1T B &K
P i i e 2R ST RS R S ~ BT ~ i - (SRR E - i 9RAE R
BT > MR SRR & Z S i FH R B B > HAR (BN TS B - RS2
plRéE T A PRI ST S —E0 > BURH R H e S ban S HRROR T Z AR AR - SR =S
kB RS AV IR A - B an BV Rz R - RO E R ERHSE A GR I AERE - R
SRS REHE B A WDEE JIE = 2 th i HH F 6K B BT > R B R /KRR T R b 2R
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Establishing the Carbon Footprint of Agricultural
ProductsAcrossthe Life Cycle: A Case Study of
Rice Products®

Yi-Chien Wu **, Chi-Shiou Kuo *, Chung-Yi Liao *, Cheng-Hong Li >
and Chi-Yong Teng ’

ABSTRACT

This study applied the Life Cycle Assessment (LCA) approach in accordance with ISO
14040 and ISO 14067 standards to establish a carbon footprint framework for rice products in
Taiwan. The assessment covered the stages of raw materials, production, transportation, and
use. The results showed that the total carbon footprint of one kg of polished rice was 2.07 kg
CO,e. Among all stages, field cultivation was identified as the dominant source of emissions,
accounting for approximately 70 % of the total, followed by production (9%) and the use
stage (19%). Within the field stage, methane emissions contributed nearly half of the total
carbon footprint, representing the primary hotspot, followed by nitrous oxide emissions and
the upstream production of inorganic nitrogen fertilizers. The drying operation was the main
contributor to carbon emissions in the production stage, accounting for more than half of that
stage’s total. Compared with studies conducted in Japan, the United States, and Italy, the
carbon footprint of Taiwan’s rice products was slightly higher than those of Japan and the
U.S., but lower than that of Italy, indicating opportunities for improvement in resource

useefficiency and energy management within Taiwan’s production system. The higher
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emissions were mainly attributed to greater methane generation under subtropical climatic
conditions and the relatively higher rates of nitrogen fertilizer application and cropping
frequency. Overall, the key emission hotspots were concentrated in the field and drying
stages, suggesting that field management practices and energy utilization efficiency have
substantial impacts on the carbon footprint. Recommended mitigation strategies include
promoting alternate wetting and drying (AWD) irrigation and prolonged mid-season drainage
to reduce methane emissions, adopting optimized nitrogen management and slow-release
fertilizers to mitigate nitrous oxide emissions, and improving rice drying processes to
enhance energy efficiency during postharvest processing. The findings of this study not only
reveal the structural characteristics of the carbon footprint of Taiwan’s rice products but also
provide a quantitative foundation and reference for advancing carbon labeling, low-carbon

production, and net-zero agricultural policies in the rice industry.

Key words: rice, greenhouse gas (GHG), carbon footprint, global warming potential,

life cycle assessment (LCA), product category rule, methane



