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Estimation of Carbon Footprint for Production of Main Crops and
Contribution Analysis of Inorganic Chemical Fertilizers

Soon Chul Jung*, Jae Woo Jeong, Jin Ho Huh, and Deog Bae Lee'

Eco-Solution Business Division, Econetwork Co., Ltd

!Climate Change & Agroecology Division, National Academy of Agricultural Science

Korea is currently underway research to estimate carbon footprint in agriculture centered on the RDA (Rural
Development Administration). This study was estimated carbon footprint for major 47 crops. In addition,
contribution of inorganic chemical fertilizers, main elements for production of crops were analyzed. The
carbon footprint of 5.78E+00 kg CO; eq. kg'l for citrus fruit in greenhouse was highest, grape in greenhouse,
sweet pepper in greenhouse, ginseng, green pepper in greenhouse were followed by 4.61E+00 kg CO; eq. kg'l,
4.34E+00 kg CO; eq. kg'l, 4.23E+00 kg CO; eq. kg'l, 4.04E+00 kg CO; eq. kg'1 respectively. Next, production
phase contribution of inorganic chemical fertilizer to carbon footprint of crop 1 kg were analyzed mean value
1.88%, 9.06% for single fertilizers and complex fertilizers respectively. And use phase accounted for mean
value 14.24%. Therefore, to reduce the fertilization of inorganic chemical fertilizer will be reduced CO; from
crop production, also greenhouse gas emissions of agricultural sector will be reduced.

Key words: Crops, Carbon footprint, LCA (Life cycle assessment), Inorganic chemical fertilizer, Contribution
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Fig. 1. System boundary of crops production system.

Table 1. The target system, function, function unit and reference flow of the study.

The target system

The function " Food

+ Manufacturing system in crops

+ Raw materials in the manufacture of various food

The functional Unit and reference flow

+ Crop lkg in food and raw materials in the manufacture of various food

Table 2. Taget crops list of the sdudy.

Classification Product
Grain Rice, Husked barley, Naked barley, Malting barley, Corn, Potato in spring culture, Potato
in fall culture, Sweet potato, Soybean
Field Red pepper, Radish in spring culture, Radish in fall culture, Radish in highland, Chinese
Vegetable cabbage in spring culture, Chinese cabbage in fall culture, Chinese cabbage in highland,
Onion, Watermelon, Chinese chive
Fruit Apple, Pear, Peach, Sweet persimmon, Kiwifruit, Citrus fruit, Grape
Retarding culture Green pepper, Sweet pepper, Radish, Chinese cabbage, Cucumber, Cherry tomato, Oriental
(or General culture) melon, Chinese chive, Eggplant, Lettuce
Vegetable Semi-forcing culture  Cucumber, Tomato, Strawberry, Watermelon
Greenhouse

Forcing culture

Cucumber, Tomato, Strawberry

Fruit Citrus fiuit, Grape

Special crops

Opyster mushroom, Ginseng
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Table 3. Data quality requirements for LCA analysis
of crops.

+ Collection of income data of agricultural and livestock
Internal products at 2007, 2009, 2010
system + Collection of national statistical data
+ Collection of survey
« Utilization of domestic LCI database
External - Utilization of foreign LCI database
system (Ecoinvent Life Cycle Inventories of Agricultural
Production System)

ol +& % 2M do]g 4232 Top—down method
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SOPARE A AL (KCPA, 2011)8] 2R AMS- 0F 9 ALE
S, B ALERE AR MR U U B
#o) 25 AW S T8I MIPAFF, 2007, 2009
KOSIS, 2007). 7eFsAile] 29 A4 HEAlE 2 A
4, B AR T U] A4 5 ARl
U $AE Mo R BaEe 24485t (KA,
2007; MIFAFF, 2004), & 942 Q3 A-Y/|H&E
HlZT [POC HPRE (IPOC, 1900 A§5ke] QzAlg
F (1 Lor kg yr ol AgPEdaF (MJ L), Tg)xdsA
107, W}Z&A%= (kg Green House Gas TJ )& L% 13}
Attt Hlm ARGC 2 Q1% NoO 'Y E3F -3t
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Table 4. Gate to gate sample of rice.

Direction ~ Parameter Unit Amount
Seeds kg 1.12E-02
Seedling kg 2.15E-04
Compost kg 3.18E-01
Urea kg 1.25E-02
Ammonium sulfate kg 6.48E-04
Thomas meal kg 2.03E-04
Fused phosphate kg 9.94E-06
Potassium chloride kg 1.83E-04
Potassium sulfate kg 1.42E-05
Complex fertilizer (21-17-17) kg 1.42E-02
Complex fertilizer (17-21-17) kg 1.06E-03
Complex fertilizer (15-15-15) kg 1.17E-05
Complex fertilizer (Unspecified) kg 6.85E-02

Input Calcium carbonate kg 1.82E-03
Silicate fertilizer kg 2.76E-02
Fungicide kg 3.15E-04
Pesticides kg 4.16E-04
Herbicide kg 322E-04
Growth regulator kg 3.33E-4
Electricity kWh  4.11E-03
Light oil kg 5.18E-03
Kerosene kg 7.61E-04
Gasoline kg 2.03E-03
HDPE film kg 1.86E-05
LDPE kg 2.30E-05
Span-Bonded nonwoven kg 2.92E-03
Product kg 1.00E+00
€0] kg 2.39E-02
CH, kg 4.74E-02
NO kg 7.10E-04

Output
HDPE waste kg 2.37E-06
LDPE waste kg 2.94E-06
Mixed plastics waste kg 5.31E-06
Unspecified waste kg 5.68E-04
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Table 5. Carbon footprint result on produced crops in field.

Classification Product fggr t;;bgzt
kg CO; eq. ke'

Rice 1.49E+00

Husked barley 9.24E-01

Naked barley 9.68E-01

Malting barley 1.51E+00

Grain Corn 1.40E+00

Potato in spring culture 4.96E-01

Potato in fall culture 5.55E-01

Sweet potato 2.92E-01

Soybean 2.29E+00

Red pepper 2.67E+00

Radish in spring culture 1.90E-01

Radish in fall culture 2.14E-01

Field Radish in highland 2.33E-01

Vegetable %@e cabbage m spring culture ~ 2.20E-01

Chinese cabbage in fall culture 1.75E-01

Chinese cabbage in highland 2.82E-01

Onion 3.10E-01

Watermelon 4.05E-01

Chinese chive 6.56E-01

Apple 6.40E-01

Pear 6.62E-01

Peach 7.01E-01

Fruit Sweet persimmon 5.28E-01

Kiwifruit 5.15E-01

Citrus fruit 2.44E-01

Grape 6.01E-01

% - o)

Epfom AJHEE 4 61E+00 kg CO; eq. kg |, ZHAITEIL
4,34E+00 kg CO; eq. kg ', 214 4.23E+00 kg CO, eq, kg .
A2 4 04E+00 kg CO; eq, kg ' S9] &0 EbAH|S:
T2 UeRlch AR Y] ghaniEse] 7R 2 A,
g Ael 34 24 (REFADS sl *Pﬁlﬂ o[y z|gko]
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A P T B 24E el vE 2 od A o] Folgo]
WolA]7] w0 R BAE|QIT) (Park, 2010), LU} § 4%
(=] 1,90E-01 kg CO, eq. kg ', 7FS 2.14E-01 kg CO, eq.
kg ', 112A] 2.33E-01 kg CO; eq. kg ', A4 1.33E-01 kg
CO» eq, kg )T HI5 4% (=A] 2,20E-01 kg CO; eq. kg,
718 1.75E-01 kg CO, eq. kg ', T2A] 2.82E-01 kg CO»
eq. kg ', Al 1.87E-01 kg CO; eq. kg )Q] ErAulZEapo
Al et 2HE 0] ghabiEeFo] wA A et 2R A
& 4= 9tk o= A 7 Ao w2 vjg 9 ofjuyx] £
JeFrt Al AR Qg A S A 282 1kg
7102 SAulETRS AT Al AMAA ] Al e
Zro) Zolr|7] wjEo 2 BT} (Park et al,, 2010). <1
AFo] Ao 4 23E+00 kg CO; eq, kg ' O EFAH|ETFo] A
AHoR yepyl=d, g =0 vl oux|7t EWol £
== vhHol Ak A7) it o2 A E|gict TS of7]

Table 6. Carbon footprint result on produced crops in
greenhouse.

Classification Product mt
kg €Oy eq. k'
Green pepper 4.04E+00
Sweet pepper 4.34E+00
Radish 1.33E-01
Retarding Chinese cabbage  1.87E-01
culture Cucumber 5.54E-01
(or General ~ Cherry tomato 1.80E+00
culture) Oriental melon 6.49E-01
Chinese chive 1.4E+H00
Vegetable Eggplant 2.02E+00
Lettuce 6.30E-01
Greenhouse ) Cucumber 7.46E-01
m_ Tomato 7.84E-01
forcing
culture Strawberry 1.14E+00
Watermelon 4.53E-01
Forcing Cucumber 1.20E+00
culture Tomato 1.18E+00
Strawberry 1.04E+00
Fruit Citrus fruit 5.78E+00
Grape 4.61E+00

Opyster mushroom  2.34E+00

Special crops Ginseng 4.23E+00
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Table 7. Contribution analysis of carbon footpint to inorganic chemical fertilizers for produced crops in field.
Ratio of carbon footprint
Classification Product Rroduction phase Use phase Totad
Single fert.  Complex fert.  (Fertilizing)
%
Rice 1.36 7.12 13.14 21.61
Husked barley 7.68 18.03 56.89 82.59
Naked barley 6.51 16.81 51.09 7442
Malting barley 2.20 2522 39.82 67.24
Grain Com 2.65 12.50 25.50 40.64
Potato in spring culture 0.36 11.21 14.88 26.46
Potato in fall culture 0.56 17.29 2297 40.81
Sweet potato 3.02 14.60 20.17 37.79
Soybean 0.98 9.61 14.13 24.72
Red pepper 1.38 2.59 24.09 28.07
Radish in spring culture 1.35 11.98 1742 30.75
Radish in fall culture 1.83 13.53 2371 39.08
Field Radish in highland 0.99 2220 30.70 53.88
Chinese cabbage in spring culture 2.02 13.53 23.84 39.38
Vegetable . .
Chinese cabbage in fall culture 2.09 10.86 23.25 37.01
Chinese cabbage in highland 1.36 16.58 2441 4235
Onion 1.97 61.25 16.21 79.44
Watermelon 0.60 647 9.63 16.69
Chinese chive 0.80 12.83 19.03 32.65
Apple 1.30 4.72 7.71 13.73
Pear 14.45 6.74 9.97 31.16
Peach 1.31 9.94 14.56 25.80
Fruit Sweet persimmon 0.86 11.95 17.33 30.14
Kiwifruit 1.09 6.21 8.69 15.99
Citrus fruit 0.87 16.07 25.17 42.11
Grape 1.14 6.51 11.75 19.39
Mean value 2.34 14.09 21.77 38.23
A ek QRS 4RTOR F 410 olHE B g BAMEY E B 21.77%S sk 2o tept 7]
AlA AREE 7] dimo 2 A ]l seh| R AREARNA B B g4E HiEshs sloR
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Table 8. Contribution analysis of carbon footpint to inorganic chemical fertilizers for produced crops in greenhouse.

Classification Product

Ratio of carbon footprint

Rroduction phase Use phase

- o Total
Single fert. Complex fert. (Fertilizing)
%
Green pepper 0.25 0.74 2.78 3.76
Sweet pepper 17.19 0.00 337 20.56
Radish 1.38 26.21 35.96 63.55
Chinese cabbage 1.90 7.46 14.87 24.23
Retarding culture Cucumber 0.61 2.36 4.63 7.65
(or General culture) Cherry tomato 0.16 043 0.73 1.33
Oriental melon 1.06 294 4.38 8.39
Chinese chive 0.51 5.63 8.80 14.94
Vegetable Eggplant 0.25 0.67 1.60 2.53
Lettuce 0.60 1.95 391 647
Greenhouse Cucumber 0.46 1.18 2.67 431
Semi-forcing Tomato 0.40 1.20 238 398
culture Strawberry 0.29 2.14 3.16 5.59
Watermelon 1.16 3.15 748 11.78
Cucumber 0.16 0.72 1.32 2.20
Forcing culture Tomato 0.12 049 0.76 1.37
Strawberry 0.26 1.18 1.80 324
Fruit Citrus fruit 0.01 0.04 0.57 0.98
Tui
Grape 0.35 0.83 1.40 2.58
. Oyster mushroom 0.00 0.00 0.00 0.00
Special crops ]
Ginseng 0.35 0.07 0.40 0.82
Mean value 1.31 2.83 491 9.06
e 1 kg 71 o B2 B]E7 T 7] wiizo|w, AR (=] oF
O] A A FAR ¢IgE 7] 2 AR F oldA| AR
= = A =
H|Fo] =X Zuljo] vls] AjdoR w7] wFolt}t (Park B 12 Eate] oaubg)l gjmAel w22 47709] B
et al, 2010), AHIETRS ALYt EEF R KAl A 2Q Q4T

Aoz LA B4R A9 vIR AT 5 U
o B A1 g afo] MR ALBEE BaAlTE Aol
7Y 2R o8 00,8 &Y 4 9= o g gutbE|n,
AAAER O] 79 AR o|A] AN E8to] 2
BHeHl SRS 715 A1 o] 7bg 22 whole AR
t} (Park et al,, 2010; So et al,, 2010).
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