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Fig.1. Citrus products in this research (left: 1 kg plastic bag packaged Tankan, middle: 3
kg and 6 kg carton box packaged Tankan, right: 1 kg Murcott)
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Fig.2. Life cycle stages of fresh fruits (cited from CFP-PCR of fresh fruits v1.0).
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Table 1. Number of citrus fruit trees and shipping quantity of the organic farm in this

research

Citrus species Number of fruit trees Shipping quantity (kg)
Tankan ( f#ft ) 500 (23.42%) 8,917 (28.40%)
Murcott ( 5 A4H ) 100 (4.68%) 240 (0.80%)
Orange (1J17T) 350 (16.39%) 14,210 (45.20%)
Wendan ( 3 H.) 300 (14.05%) 6,044 (19.20%)
Lemon ( 1815 ) 100 (4.68%) 523 (1.70%)
Citrus. spp ( PEHEAH ) 15 (0.70%) 1,320 (4.20%)
Citrus. spp (75 ) 150 (7.03%) 75 (0.20%)
Valencia (& ") 300 (14.05%) 88 (0.30%)
Citrus. spp (WOFERE ) 150 (7.03%) - -
Ponkan ( AiifH ) 100 (4.68%) - -
Citrus. spp (E15) 70 (3.28%) - -
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Fig.3. System boundary of citrus product (Tankan and Murcott)
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Table 2. Emission factors applied in this research

Name value unit Source
Sulfur .
. 0.1300 kgCO,e/kg Ecoinvent 3.8/Sulfur
( Wik )
Sodium bicarbonate . . .
" 2.1300 kgCO,e/kg Carbon Footprint Information Platform, EPA, Taiwan
( BREE A )
Diatomaceous earth . . .
(L) 1.0200 kgCO,e/kg Carbon Footprint Information Platform, EPA, Taiwan
Calcium superphosphate . . .
NP, 0.8470 kgCO,e/kg Carbon Footprint Information Platform, EPA, Taiwan
(AEBEEEEY )
Palm bunch ash . . . s
N 0.1610 kgCO,e/kg Ecoinvent 3.8/Organo-mineral potassium fertiliser, as K,O
(FRIER )

95% Ecoinvent 3.8/Aliphatic organothiophosphate insecticides
9.6100 kgCO,e/kg 5% Ecoinvent 3.8/Emulsifier, proxy (based on AFP4.0: Soap stock
(coconut oil refining), at plant/PH) Mass

Mineral oil

(FENE - FHHEH )

28% Ecoinvent 3.8/Dispersing agent (unspecific) production
1.7500 kgCO,e/kg 20% Ecoinvent 3.8/Copper sulfate
52% Ecoinvent 3.8/Calcium hydroxide production

Bordeaux mixture

(FENE - BEEF - M%)

3.4% Ecoinvent 3.8/Organo-mineral nitrogen fertiliser, as N

2.4% Ecoinvent 3.8/Organo-mineral phosphorus fertiliser, as P,Oj

Organic fertilizer 1.5% Ecoinvent 3.8/Organo-mineral potassium fertiliser, as K,O
ot m 0.2150 kgCO,e/kg ]
(TREE— IR A B AR 7.7% Ecoinvent 3.8/Horn meal
85% Ecoinvent 3.8/Green manure, Swiss integrated production until
March

4.3% Ecoinvent 3.8/Organo-mineral nitrogen fertiliser, as N

3% Ecoinvent 3.8/0Organo-mineral phosphorus fertiliser, as P,Os

Organic fertilizer 2% Ecoinvent 3.8/0Organo-mineral potassium fertiliser, as K,O
. 0.2150 kgCO,e/kg .
(&RMTLER) 10.7% Ecoinvent 3.8/Horn meal
80% Ecoinvent 3.8/Green manure, Swiss integrated production, until
March

ARHBERKEN ZME 9



Organic fertilizer

3.5% Ecoinvent 3.8/Organo-mineral nitrogen fertiliser, as N
3.0% Ecoinvent 3.8/Organo-mineral phosphorus fertiliser, as P,O;

2.3% Ecoinvent 3.8/Organo-mineral potassium fertiliser, as K,O

(+E=FHEAE) 01920 kgCO. ek 26.2% Ecoinvent 3.8/Horn meal
65% Ecoinvent 3.8/Green manure, Swiss integrated production, until
March
3% Ecoinvent 3.8/0Organo-mineral nitrogen fertiliser, as N
3% Ecoinvent 3.8/0Organo-mineral phosphorus fertiliser, as P,Os
Organic fertilizer 2% Ecoinvent 3.8/Organo-mineral potassium fertiliser, as K,O
0.1950 kgCO,e/kg
(AEF71258) 22% Ecoinvent 3.8/Horn meal
70% Ecoinvent 3.8/Green manure, Swiss integrated production, until
March
45% Ecoinvent 3.8/NPK (15-15-15) fertiliser
3% Ecoinvent 3.8/Magnesium oxide
Organic fefnilizer 11300 kgCOLeke 7.5% Ecoinvent 3.8/Citric acid
(43 SAMERE SR 44.5% Ecoinvent 3.8/Horn meal
3% Ecoinvent 3.8/Green manure, Swiss integrated production, until
March
4% Ecoinvent 3.8/Organo-mineral nitrogen fertiliser, as N
2% Ecoinvent 3.8/0Organo-mineral phosphorus fertiliser, as P,O;
Organic fertilizer 6% Ecoinvent 3.8/0Organo-mineral potassium fertiliser, as K,O
N 0.2010 kgCO,e/kg
(TEFAEA) 18% Ecoinvent 3.8/Horn meal
70% Ecoinvent 3.8/Green manure, Swiss integrated production, until
March
Corrugated carton box . ) .
1.3400 kgCO,e/kg Carbon Footprint Information Platform, EPA, Taiwan
(AB F54RAE )
Polypropylene . . .
2.0100 kgCO,e/kg Carbon Footprint Information Platform, EPA, Taiwan
(P
Electricity 0.5900 kgCO,e/kwh Carbon Footprint Information Platform, EPA, Taiwan
[ E S0 e BT (2020) )
Transportation by
light truck (diesel fuel) 0.5870 kgCO,e/tkm Carbon Footprint Information Platform, EPA, Taiwan
B/ INEE (S9H) )
Transportation by
heavy truck (diesel fuel)  0.1310 kgCO,e/tkm Carbon Footprint Information Platform, EPA, Taiwan
CEINCCACSDY
Gasoline
(EEHAH) 3.0100 kgCO,e/L  Carbon Footprint Information Platform, EPA, Taiwan

(AREEIREEA - 2020)
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Garbage removal by
truck
( LASEHEn R
BRI — RS )
Waste incineration

(BEEEEABE BT )

1.3100 kgCO,e/tkm Carbon Footprint Information Platform, EPA, Taiwan

340.0000 kgCO,e/t Carbon Footprint Information Platform, EPA, Taiwan

Organic waste treatment
(=Y 0 35 TiE  48.3000  kgCO,e/t  Carbon Footprint Information Platform, EPA, Taiwan
BRI R AR S )

T= - FRAHRE S 2 BiE TR (LA 3 ke AR B SR A1)
Table 3. Carbon footprint calculation of citrus products (taking 3 kg carton box packaged
Tankan for example)

Emission

Life cycle Amount Carb issi
N Y Category Name of activity data 3k Unit factor g{r COI(l)een/l;S;l(;n
phases (per 3 kg) (/kgCO,e) gren ke
Sulfur ( fiheE ) 5.91E-03 kg 0.130 0.001
Sodium bicarbonate 1.58F-02 Kk 2.130 0.034
(TR ' : ' '
Diatomaceous earth 3. 67E-03 Kk 1.020 0.004
(Wt ' : ' .
Agricultural Célci‘ff;superphos"hate 9.85E-03 ke 0.847 0.008
supplies ( RIS )
Palm bunch ash ] 86E-02 Kk 0.161 0.014
CReA) ' : ' '
Mineral oil 2.76E-03 Kk 9.610 0.027
Material ( BENE - KSR ) o : ' ’

e on Bordeaux mixture 7.88E-04 K 1750 0.001
phase (HEVS - BE99 - A ) . g . .

Organic fertilizer

i s, R0 ke 0.215 0.728

Organic fertilizer 1.19E+00 kg 0215 0.256
(&RMTLER)

Fertilizers O g fertilizer 2.36E-01 ke 0.192 0.045
(T2HEHAD)
Organic fertilizer 7.88E-01 ke 0.195 0.154
(4R 125%)
Organic fertilizer 7.09E-03 ke 1.130 0.008

(43 BAWEESIR)
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Organic fertilizer

Fertilizers e 1.58E-02 k 0.201 0.003
(ESAE ) ¢
Packaging _ rrugaied carton box 3.00E-01 k 1.340 0.402
Material ackaging (AB FB4RES ) bl g : :
acquisition
Material transportation
phase P 3.00E-03 tkm 0.587 0.002
&S/ NEH (S )
Transportation
Material transportation L37E-00 fem 0.131 0.002
CESEREH (50l) ) ' ' '
Gasoline 6.69E-02 L 3.010 0.201
(FEER (7)) ' ' '
Energy
Electricity 6.84E-01 kWh 0.590 0.404
(SMNEETT (GE) ) ' ' '
Waste transportation 2 .05E-03 tkm 1310 0.003
( ZZHERLLS g ) ' ' ‘
Waste transportation 5.10E-07 " 1310 0.000
.10E- m . .
PeR kA LGS E S
Manufacturing (ZRMEE )
phase Waste transportation 7 45E-07 fem 1310 0.000
( ZEEAT A ) ' ' .
Waste
Waste incineration 7.58E-05 t 340.000 0.026
( ZEAERHESRE ) ' ' '
Waste Incineration 1.89E-08 t 340.000 0.000
(ZEEM LR ) ' ' '
Waste incineration 2.76E-08 t 340.000 0.000
(ZEEMHREETE ) ' ' ’
Marketing . Product transportation
Transportation o seren 3.15E-01 tkm 0.683 0.215
phase ( EE A )
Waste transportation 2 67E-03 K 1310 0.003
O .67E- m . .
( EESEARRE T )
Waste Wast Waste transportation 1.55E-02 e 1310 0.020
aste \ .S55E- m . .
disposal phase ( BETERRAT Rz 28 )
Organic waste treatment
5.70E-04 t 48.300 0.028

( BEZEARH R pa s )

Total carbon emission = 2.589 (kgCO2e/3 kg)
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Table 4. Carbon footprint result of citrus products (Tankan and Murcott)

Carbon emission among different life cycle stages (kgCO,e)

Total carbon

Product Material . ) Waste .
. Manufacturing Marketing . emission
acquisition Use phase  disposal
phase phase
phase phase
I kg plasti 0.767
. £ ;’C EZ t . 0438 0211 0.098 0 0020 o
PR ) Qs (279%) 0% @56%) -
ke cart 2.
bzx gaciaoz . 168 0.634 0.215 0 00s1 (5;296/
Tznkang (6523%)  (24.48%)  (831%)  (0%)  (1.98%) § kg;
6 kg cart 5.093
b gacia"z . 3028 1.267 0.692 0 0106
Tgnkang (59.45%)  (24.88%)  (13.58%)  (0%)  (2.08%) g kg)z
4.827
ke Murco 3184 1.569 0.061 0 0013 e
g (65.96%)  (32.51%)  (127%)  (0%)  (0.26%) ’f kg)z

RS T B N F

SR 5 SE B RR R S B DR EDRAE , TR, - T
S5 o TRDE CGOBESSE ), - TS, - TAESER B TBEERRE, o K
SE > TR S EE D EIBF BT (=) - S50+ 1 ke YOREASEOHERRHE - 3 ke 4
FELEEARA - 6 ke AURTEBERRH L | ke BROESSAHTERLL TR ) Al B hE
ZNEE (52.94% ~ 49.96% ~ 47.85% ~ 62.52%) » H.Z Al A "FHE | (17.57% ~ 15.59% -~
15.88% ~ 20.75%) - 75 3 kg 4EAS EAEHRHIEE 6 kg 4TRE ELEEHRIIE > TELEE B
3 B 4 15 2 BREEBES (15.52% - 8.96%) » HHIR > F » 1 kg MRS 158 2
LB S RN 5 ELEREME (118%) » T B | 1F 3 REHAH e S AT BRHERL & H
TS 8.31%~13.6% 2 » 1 kg BUHEFE 75 b 1E 7 S0 0 53 TR 5 L H e 6
(127%) = FERSIHEF 718 » RS2 5 8 T4IH (clementine) ~ 1545 (lemon) S]]
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S (orange) ~ PEIEHYE S T AL - DU EIHIIE T (Citrus reticulata Blanco) <&
AT ASC R 9 2 AR R HEEREL 7 B (Pergola et al., 2013; Nicol6 et al., 2015; Yan et
al., 2015; Falcone et al., 2020) ; [LAN » FeEHAM R ES (A1 2 AR ~ A ) Zhix
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Fig.4. Contribution of different inputs to total carbon emission of citrus products (Tankan
and Murcott). A: 1 kg plastic bag packaged Tankan, B: 3 kg carton box packaged
Tankan, C: 6 kg carton box packaged Tankan, D: 1 kg Murcott.
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Research on product carbon footprint of
organic citrus

Cing Shih, Mei-Chun Lu*
Miaoli District Agricultural Research and Extension Station, Ministry of Agriculture

ABSTRACT

To promote the disclosure of carbon emission information for agricultural products,
carbon reduction, and green consumption, this study focused on 4 citrus products produced
in an organic farm in Xihu Township, Miaoli County, for carbon footprint assessment:
1 kg plastic bag packaged Tankan, 3 kg carton box packaged Tankan, 6 kg carton box
packaged Tankan, and 1 kg Murcott. Life cycle assessment (LCA) and carbon footprint
calculation were performed based on ISO 14067:2018 international standard and Fresh
Fruit Carbon Footprint Product Category Rule (CFP-PCR) (registration number: 22-061).
The results indicated that the carbon footprints for 1 kg plastic bag packaged Tankan,
3 kg carton box packaged Tankan, 6 kg carton box packaged Tankan, and 1 kg Murcott
were 0.767 kgCO,e/1 kg, 2.589 kgCO,e/3 kg, 5.093 kgCO,e/6 kg, and 4.827 kgCO,e/1 kg
respectively. In addition, carbon emission of “material acquisition phase” among 4 citrus
products accounted for 57.11%, 65.23%, 59.45%, and 65.96% of total carbon footprint;
and “fertilizer” was identified as the primary hotspot (the carbon emission accounted for
52.94%, 49.96%, 47.85%, and 62.52% of total carbon footprint, respectively), followed
by “electricity” in second place, and “packaging”, “product transportation” or “oil (petrol
and diesel)” in third place. Therefore, it is recommended that farm manager conduct soil
testing, rational fertilization, and change the packaging material...etc. to achieve carbon
reduction. This study established the first carbon footprint information of citrus in Taiwan,
which not only serves as local carbon emission factors for downstream producers, but also

provides insights for farm managers to develop carbon reduction strategies.

Keywords: product carbon footprint, organic farming, citrus, carbon hotspot
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