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Carbon footprint assessment of fresh Myrica rubra fruit based on LCA”
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Abstract: Carbon footprint is the CO, equivalent emissions directly or indirectly emitted from the production of a product over its life

cycle. In promoting green and sustainable development, the carbon footprint of a product is an important indicator of its environmental
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impact, guiding enterprises and individuals to formulate corresponding emission reduction measures and green development
strategies. China is the origin of Myrica rubra, with a history of cultivation and utilization dating back at least 2 000 years. Myrica
rubra has been widely cultivated and produced in several regions and has become a local agricultural specialty and a leading industry.
This study examined the carbon footprint of fresh Myrica rubra fruit from Huaihua, China, using the life cycle assessment method
(LCA). The accounting procedure used ISO 14067 and PAS 2050 carbon footprint accounting techniques. Because Myrica rubra fruit
lacked the designated carbon footprint of the product-product category rule (CFP-PCR), this study defined the functional unit as pro-
ducing 1 kg fresh Myrica rubra fruit based on real-world scenarios. System boundary of this study was from cradle to farm gate. The
raw material procurement, planting process (weeding, shaping, pruning, fertilization, and picking), and packaging and storage were
covered by the activity level research data, and these data were collected through on-site inquiries. The emission factors were obtained
from the IPCC, Chinese Life Cycle Basic Database (CLCD), China Products Carbon Footprint Factors Database (CPCD 2.0), and the
published literatures. The product carbon footprint of fresh Myrica rubra fruit in the plantation base was 0.185 kg(CO,-eq)-kg ', of
which the contribution of raw material procurement, planting process, and packaging and storage to the overall carbon footprint were
63.00%, 36.31%, and 0.69%, respectively. Comparing the different carbon emission sources, upstream fertilizer production and dir-
ect emissions after fertilizer application were the most important carbon emission sources for the carbon footprint of fresh Myrica
rubra fruit, and the cumulative contribution reached 91.00%. Analyzing the individual carbon emission sources, upstream compound ferti-
lizer production contributed the most to the carbon footprint of the product (42.92%), followed by upstream organic fertilizer produc-
tion (18.56%), therefore the reduction and efficiency of compound fertilizer is significant to the carbon emission reduction of fresh
Myrica rubra fruit and is the key link in carbon emission reduction. Uncertainty analysis (assessing the reliability of the data and cal-
culation process) and sensitivity analysis were conducted using the methods specified in ISO 14067. The uncertainty of the carbon
footprint accounting results in this study was small (the variation of the contribution rate was £9%). When the activity data of the
compound fertilizer and organic fertilizer varied from —20% to 20%, the sensitivity of compound fertilizer was higher (the variation
of the contribution rate was from —8.28% to 7.24%). Sensitivity of organic fertilizer was lower, and the contribution rate ranged from
—5.39% to 5.04%). Without affecting product functionality and efficiency, fertilizers (e.g. organic fertilizer, slow released fertlizer and
biochar), and bio-based and biodegradable packaging materials with lower carbon emission factors, as well as cleaner transportation
(e.g. electric) and energy supply (e.g. photovoltaic) are recommonded. Ultimately, the aim is to help achieve local carbon peak and
carbon neutrality targets by providing a reference for the scientific management of greenhouse gas emissions in the Myrica rubra sec-
tor and promoting the advancement of low-carbon agriculture.

Keywords: Myrica rubra; product carbon footprint; LCA; carbon emission reduction; low-carbon agriculture
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Fig. 1 Research boundary of carbon footprint of fresh Myrica rubra fruits
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Table 1 Carbon emission sources at different stages of carbon footprint research boundary of fresh Myrica rubra fruits
Bz WK TR SRR
Stage Source of carbon emission Type of greenhouse gases
JEURIREL Raw material procurement A NEFA YRR e 7= CH,, N,O
Upstream production of compound fertilizer and organic fertilizer
Yy#liz i Material transportation Co,
FifE 2R Planting process FOAKAY U4 7= Upstream production of plant ash N,O
ZHES LAY B HEHERL Direct emissions from nitrogen fertilizers N,O
KAV WREFIIRFA S Losses from atmospheric deposition, leaching, and runoff N,O
A F1G:fifi Packaging and storage %% [ 7= Upstream production of packaging materials Co,
BV Storage and refrigeration Co,

®2 HEHRRETHAREXYEHENE R SRR

Table 2 Survey data on the input amount and transportation of various materials of carbon footprint research of fresh Myrica rubra

fruit

A4 Input amount /(kg-hm )

A it Input product

iy g ff N

2020 2021 2022 SEH4{E Mean value Mode of transport Transport distance /km
AU Organic fertilizer 4500.0 4410.0 4 470.0 4 460.0 EIE IR 11.0
&4 NE Compound fertilizer 900.0 840.0 885.0 875.0 Heavy truck 11.0
HAJK Plant ash 225 30.0 30.0 27.5 — —
4% £ Carton 4410.0 6615.0 8 820.0 6 615.0 BARIBIRE 16.0
IR £ Foam box 1417.5 1.890.0 2173.5 121.8 Light truck 16.0
b NI - N v
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Table 3 Values of carbon emission factors (based on CO,-eq) and sources

FH Type HEAL A+ Emission factor B Value
AWK Input material A HLAE Organic fertilizer 01503 t-t'2
AHE Compound fertilizer 1.772 t-¢ ')
H KK Plant ash 0.035 49 t-t ' 24

4% 4 Carton 1.605 -t
7K & Foam box 8.43 t-t 2%

AV Energy Hi, Electricity 0.525 7 kg-kWh™'

iz} Transport FAITEZE Heavy truck 0.049 kg-t "-km ' **

BT Light truck

0.083 kgt '-km '

2 R[5 1R T HP [ AR i A RIS 22 (CLCD) . Reference [25] is derived from Chinese Life Cycle Database (CLCD).
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Table 4 Detailed greenhouse gas emissions for fresh Myrica rubra fruit

. Tk S 38 o)
e HeH R ot ritt
Stage Source of carbon emission Carbon footprint Proportion
¢ [2(CO--eq) ke '] %)
SRR BN A HLAL Organic fertilizer 34.38 18.56 62.92
Procurement of raw material Input material R Compound fertilizer 79.52 42.92
4K & Carton 1.09 0.59
17 & Foam box 1.58 0.85
Yrkhz i A HLAL Organic fertilizer 0.12 0.07 0.08
Material transportation 4748 Compound fertilizer 0.02 0.01
4L & Carton <0.01 <0.01
17K £ Foam box <0.01 <0.01
FiEd R HHEHE A HUIE Organic fertilizer 23.21 12.53 36.31
Planting process Direct emissions 4 & HE Compound fertilizer 31.48 16.99
42 HEk A HLUAC Organic fertilizer 532 2.87
Indirect emissions & 4N Compound fertilizer 7.22 3.90
HAJK Plant ash 0.05 0.03
AR % 1, /) Electricity 1.27 0.69 0.69
Packaging and storage
A1l Total 185.27 100.00 100.00
x5 REFBBREITARRERIBFERBHESKE
Table 5 Contribution rates of different carbon emission sources to carbon footprint of fruit products
7 i F BRI TR FEER BT ik
Product Main emission sources and contribution rate Main control unit Reference
MRS TR FEAE: 44%; #R%L: 20%; 72 5B 18% HEBHFIR L ”
Dried Chinese wolfberry Fertilizer: 44%; fuel: 20%; product transportation: 18% Fertilizer and fuel (29]
AHAL JEAE: 0~63.12%; 44iH1: 8.68%~50.18%; HEIE: 16.97%~83.20% HERLFOEBE 30
Beijing pear Fertilizer: 0—63.12%; diesel: 8.68%—50.18%; irrigation: 16.97%—83.20% Fertilizer and irrigation (301
TR T 73.39%; BUIE: 15.41%; 13%¢: 7.61% A 3
Mango Soil respiration: 73.39%; N fertilizer: 15.41%; packaging: 7.61% Fertilizer (311
B3R FHLAL: 29.36%; Hi.: 29.82%; ZAUIL: 19.94%; S4il: 14.44% AL AL 2
“Cattle” apple Organic fertilizer: 29.36%; electricity: 29.82%; N fertilizer: 19.94%; diesel: 14.44% Fertilizer and electricity (321
TR A 2 L 29.94%~33.04%; Hi: 24.03%~29.80%; ALK 8.14%~9.58% PRI 13
Wine grape Fuel: 29.94%—33.04%; electricity: 24.03%—29.80%; fertilizer: 8.14%—9.58% Fuel and electricity (331
BLHE: 45.6%; S4TH: 11.3%; Hi: 9.2%; HPKE: 6.0% PEREFNSEM 34
Glass: 45.6%; diesel: 11.3%; electricity: 9.2%; plant quarantine: 6.0% Glass and diesel (34]
Jie H: 40%; A} 31%; 469 11%; HEBR: 10%; i8%i: 8% H R 3
Navel orange Electricity: 40%; fertilizer: 31%; diesel: 11%; irrigation: 10%; transportation: 8% Electricity and fertilizer (331
il AU 64.3%; BEAE: 11.8%; 2548 11.3% HE e 16
Grapefruit N fertilizer: 64.3%; P fertilizer: 11.8%; bagging: 11.3% Fertilizer (361

SR FE KR [ ME (Citrus reticulata) . & . FF
(Malus pumila). 7 # (Musa nana) #1#k (Prunus per-
sica)] 77 ik 2 38 A BIF 5 R IR, it A 6T 7 gt e A2 30 7Y
TTRR I K (49%~81%), HL& W 1EAAC, 1T 95% ik
NEB5HE S B 5 R, A HLIEORAR I 5/~ 1300
XoF 4z G LA 6 863 AR (11 MFh2E) 1) 2 8 &
S5 R, 3 K SR P AU L R, 7 Ak
W E . BN, TEAY . KR EAEY™ R i E
PP g ARG . R A R 1t A
HEJ 13.5 ((CO,-eq), MEKH H 9.7 ((COreq). ITAFH,
) AR i HE I B R B R R R R, R
RE (B . Huili) Lay2s )25 54 k™, 0 B sl

AR B
22 AHEMESW

R — Wi 22 4L vk, F s — 5 30 H & R %
SR IE S S HE R B AN AT AR, T
PLHE BB IR H B R AT VA, o A E T R R R
SRR AFAE I R 2 R R 22 . AN
TE M 7 1k 2 R AR = R SO 1 A A, LS
FHUEA 3 A28 50 (AR RS RXT B33 T AR A 7 BB IR
THFERY IR ER WD . AW T VEIPAL A
MLAE A A AE Al HE i R, e HE i i 43 391 o s
i EY 34.03% Fl1 63.82%.

AL RN A BT sh A 4 i i+ H 2h e
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P, RS HG/T 3130—2014 1 5.2.2 Z3K,
JE SRR EER O 2%, THE ¥ & PR HEA B 5E S
h 2.828%, Fi M 95% B 15 X B e LAY 7 R A (A
2) 7, W+5.657% VE A HUIE AL G LR 1A 5
JZ o A B AL A AT /Y HE R 802 25 Sk [46], B
7% HEAT AN VAL o AS SO M R ik 2 R A
SERAAIE PRI, A2 5 9%, J& T 5550
2.3 BRMESH

G X B HE B 7 HE>5% B9 6 3, AL LS B
i Xof A 7 B S I R R . X A S IE RN HIL
ML BB +10% ., —10%. +20% Fil-20% Jt 4 -1
S, AT P R I 5 R UL 6. SR IEAL
WU, 2454 A B AE—20%~20% 7] 28 S, Hi= 5k
JE I L7 W R —8.28%~7.24%; 44 HLAE 7 —20%~
20% [8] 42 Bl F, 7 f B A2 8 7 HE AR W O —5.39%~
5.04%,
3 g
3.1 REFRBREIEXTLE 537

ARG AR 1 kg A A SR B 7 it 1tk 1 8 Sy
0.185 kg(CO,-eq) kg "o 1 Tk T LCA J5 i iy 5™
W, T 2001—2018 4F 16 4 FE AW MR 1K B4R
Yl TR Sk J2 385 (D COp-eq i) IR : 2% 4.6 kg'kg '
HiAE (Gossypium hirsutum) 4.4 kgkg ' . MHEL (Nicotiana
tabacum) 2.0 kg'kg ' . KK (Oryza sativa) 1.4 kg-kg '
A F (Setaria italica) 1.1 kg'kg ', 58 % (Solanum
tuberosum) 1.1 kg-kg '\ /N2 (Triticum aestivum) 0.8
kg'kg'. K (Zea mays) 0.5 kg'kg ' FE: (drachis
hypogaea)0.5kg-kg ', B¢ (Brassicanapus)0.5kg-kg ' |
JKH 0.5 kgkg '
3K 0.4 kg'kg'. KHE (Glycine max) 0.1 kg'kg ', it
3¢ (Beta vulgaris) 0.08 kg-kg™ FIH HE (Saccharum offi-
cinarum) 0.04 kg-kg o UNFE 7 AR, K77 ff B AL 5
EA KEWFFESCHR S . WIS I, Rt
5 A0 A 7 i B A 7 T g PO A ) 2

= % (Brassica napus) 0.4 kg-'kg '\

J& T Tl fin TS i s R AR g R
R N GE BN A S 1], I EE A% A 6 R A 7 i R, AR 7
HnT DL, R P 8 S KR A R A A,
w7 I AR R 0.05~0.37 kg(CO,-eq)-kg ', HMH
4 0.22 kg(CO,-eq) kg ', GAMFITFA—EL .
3.2 ROBHEEMEERIN

A LA AR AL E BE 0 75 R R RS ™ 19 W] i A
BT 2 AT R B 7 i S Y 9%
B RUIE Al B 2208 3.6%~49.1% (1) I =8 S M HE i fn
RERR, BIE . Bk, HHEEEILRS S, -
B pH., FRANM LA | il A XIS A L 3222
S DR R 5 et RO VR Sk el ms A 5 o fe Ak A
H, BEAEA] 820 3.58 12 (CO,-eq) T % SAARHERL, A124
T4 R AR HE RO R 6%, R B B L A
BA—TOUAFF 75 S0, 55 HEA B, A ML IC ML fic it Ak
FRA] A BT HLAK B AL I &% ZL0 (priming effect)
EREAR 51%~55%, BIEFRIRRIN LI WS AA
BLa LG 0 A RO LG A9 38 R E 3 LT
JEREAR, X 2% B A HLICHLEC it fi 1F T 4 384 MLAk 72
P ARG TP R E A . it A P R 5 A — R A
VB 7 R DB R G, 32 1 e T LA ) - S MLAR R R
YRR B A R Ak, B Rk B AR T BRIt
Ab, A B AR R Rk R 00 s A Ak ]
Y R/ 0 2 A A A TR DA B AR A5 i 1)
UEBH ] DAY /D + 3 = SR HEL

M2, RIBRANLRN . AR R AR B
R Al SR RS R B e 2 PR R B AR L i
WRHERS I A5 Ry b — 25 AT = B HE I, 2
PAF etk 0

1) 23R 1 IR 0 i B AL T A A 1) 7 o e A S A
e, % E A5 A R R 7 2 i R B HE A, R RER T
e JE& I AT 1 SR e

2) TEAR SR = B I BE RIS B R, R AR
AR KT /N RERE, AT MLAE | 2B B AR A,
NI i — 2 B AR DAk s e HIE i

R 6 HiEIEIRGRIERI T REREE S LRI

Table 6 Impact of increase and decrease scenarios of different activity data on the proportion of product carbon footprint

%

[N TeHERCR SR I8 B E 43 L Percentage change in total carbon footprint

Stage Sources of carbon emissions -10% +10% —20% +20%
JER AR ER A HUIE Organic fertilizer ~1.54 1.48 -3.14 291
Raw material procurement AN Compound fertilizer -2.56 235 -5.36 451

R HUAE B
LT . M b 111 1.08 225 213
Planting process Direct emissions from organic fertilizer
AL E AR

-1.43 1.39 —2.92 2.73

Direct emissons from compound fertilizer
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#
&
B

R7T AEREFRHREIT (KL CO,-eq) T4 A5 EHRIEM ST B STk X tE

Table 7 Comparison of literatures related to carbon footprint (based on CO,-eq) and life cycle assessment scope of different fruit

products
NS LIk s
= VA 4 WL i
Product Evaluation scope Producing area . Unit
footprint
PN X T R AR S b INARIEE 0.27" kg-kg
Greenhouse strawberry Planting, harvesting, and waste disposal Yantai, Shandong, China
ML TR FAAE. sk, nCA O TR 2.22%" kg-kg”
Dried Chinese Planting, transportation, processing, and export Yinchuan, Ningxia, China
wolfberry
PEES A i) e 13k 0.12~0.27%" kg'kg”
Beijing pear Production activities Mentougou, Beijing, China
TR FIAE . AN AR AR R TR 3 I=IN 9.218 t-hm*
Mango Planting, processing, biochar accumulation, and soil Changjiang, Hainan, China
carbon sequestration
AR FbE . R BRI HA Rk 0.07% kg'kg
“Cattle” apple Planting, harvesting, transportation, and distribution Tianshui, Gansu, China
TR 7 % R, R AR 1IR3k 0.26~0.32 % kg'kg™
Wine grape Planting, cultivation, and brewing Penglai, Shandong, China
EEBURZ 0.39 B4+ kgkg'
Bordeaux, France
JiEE T, d8% . AR SE YLTG N 0.05" kgkg'
Navel orange Planting, transportation, production, and transportation Ganzhou, Jiangxi, China
and distribution of product
liia N R . WORAE S AL B PEBESF AP 0.67~0.82"" kg'kg"
Valencia orange Planting, harvesting, and waste disposal Valencia, Spain
it PR B 2 T 9 A R EEE BN 0.16~0.19%" tL
Orange juice Whole process from nursery management to end Florida, USA
consumption
fili¥ SR A B K21 0.33% kgkg
Grapefruit Fresh fruit production activities Pinghe, Fujian, China
HHHE BERERS | AR WL e 0.14 ke-kg
Citrus Production, storage, and distribution of fresh fruit Yichang, Hubei, China
ES SEERA P ARG A R 0.18 7 keg'kg'
Pear Production, storage, and distribution of fresh fruit Shijiazhuang, Hebei, China
R BRI LI P M 0.24 &7 kgkg
Apple Production, storage, and distribution of fresh fruit Huozhou, Shanxi, China
K SRR A | ARG iyl 0.27 kgke'
Banana Production, storage, and distribution of fresh fruit Zhangzhou, Fujian, China
B BEORAET L WAFRIME i 0.37 %7 kg-kg
Peach Production, storage, and distribution of fresh fruit Chongming, Shanghai, China

3) % & [ i A A e b, oK = AL

PR/ N B G B B A, T ksl L g A HE i PR 1
BORA G RRA
4) BORALDLRT I f TR S 4 O B 4

T A it 3 22 SR, IO AR Fha 368 4 A 10 A O i

frfit o

3.3 HIRBERME

1) 32 b R B4 45 )

BR ], A AF 5 R I A i 2

JEORHY SE PR 2R 7 e, TSR S SRRt R B 4 2R
BRI —E M 2 . EWTESFMFRTFWELT,
b — 2B AT S RO A A o R K, X of A B
$ v Kodle i, Dby Aol A 3R BE L 4 ) bl [R] i gk
Rt 3.
2) 32 W 2R A M D RS AS I i) A5 BR A, AR ST

SR FH SCHIR v ) A A A 0y 0 R 5 e R RO R AT AR

A H AT S, P g RS PRI R A —
25 o BUWAE R RTFIENT, ##i}ﬁﬁﬁt*ﬂﬁ
T W WAL ok, 30K A7 Bl T4 o A5 e o i, i — 2D Se AR
SMER.
3) a7 il 8 4 i AR P RO i R R R SR,
SE O 7 i 4 AR A A IR B S 2R AT A A, DASE A
b PR T R AH ST L A3 BT, 2 B0 R A, e o i) S8

4 g

A SC LA i JE D 5 vk o SR, SR AR R A
b3 47 5 5L 1, 5% FH 1SO 14067 F1 PAS 2050 H 41 &
R ik JE 300 A% T 1, Wl A g R 7 e R TR R AT T
RGM5E . RGh A MRERIRG], WGk
oA 5 JEORL AR RN AZ . AR S AL B B it A R
A7 1 kg Bt I A ik 2 8 0.185 kg(CO2-eq), F
g G LA = (BTIRR 42.92%) S Hoit FH e AR 1)
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ETREHE (BTRR R 16.99%) FIA HLIE g2k 7= (TTHk
R 18.56%) ke 32 B R HERCIR, ol B 15 0 B

HE=

SCHR o ASCHXS e T B A RS A R R 2

A B TR R PO B AL TR, A
JEURHSE Z2 07 T 25 T W HE R I, DUBTRE B ) 24
22 3 FE A A b ik 2 A HR S T R A (B
J;;E]IE}I“O
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