S EQFH|REs]A] 49 25
Korean J. Soil Sci. Fert. Vol. 44, No. 2, 256-262 (2011)

HIYEIE &Zsl

rok

i

0

giHIZ M

HE

AF AR 2AITIA HIEE EIt

X = = =1
S8 4o} - 5EIS - 4TS

AT EYAF), 'FH ATt 7] HsAY et

Estimation of Greenhouse Gas Emissions of Complex Fertilizers
Production System by Using Life Cycle Assessment

Soon chul Jung*, Jeong a Park, Jin ho Huh, and Kyu ho So'

Eco-Solution Business Division, Econetwork Co., Ltd

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

Currently among the several methods to estimate an environmental impact of products, Life Cycle Assessment
(LCA) technique is mostly used. The Ministry of Environment has been performed the carbon footprint
labelling to give the carbon record of product by using this method. But the calculation of carbon footprint in
primary agricultural product which is raw material of the processed food cannot be made because there is lack
of methodology and LCI DB at agriculture sector. Therefore, LCA carnied out to estimate carbon footprint,
and established LCI DB for complex fertilizers (21-17-17 1 kg, 17-21-17 1 kg, 15-15-15 1 kg, Unspecified
1 kg) in the production system. The result of LCI DB analysis focussed on the GHG, and it was observed
that the values of carbon footprint were 2.42E + 00 kg CO»-eq. kg'1 for21-17-17,2.10E + 00 kg CO;-eq. kg'1
for 17-21-17, 2.23E + 00 kg COz-eq. kg™ for 15-15-15 and 3.56E + 00 kg CO,-eq. kg™ for Unspecified. For
the analysis of LCIA (Life Cycle Impact Assessment) on complex fertilizers in the production system, the
carbon footprint from pre-manufacturing phase is contributed to 98.96%, 98.81%, 98.88% and 99.30% on
each complex fertilizer with 21-17-17, 17-21-17, 15-15-15, and Unspecified, respectively. These results will
be used in basic data for estimation of agricultural greenhouse gas emissions.
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Table 1. Composition factors for life cycle analysis system.

* Manufacturing system in domestic

The target system ..
get 8y fertilizers

* Delivery of nutrients and growth

The function .
promotion of crops

The functional * Producing 1 kg complex fertilizers
Unit and reference  for delivery of nutrients and growth
flow promotion of crops

= Urea

= Ammonium sulphate
Fused Phosphate

= Potassium Sulfate

= Potassium Chloride

materials

Crashing and
weighing

Mixed and
assembled

Drying and cooling —— Air emisssion

—
= Electricity
= LNG Screening
= Heavy fuel oil

Product

= Complex Fertilizer
21-17-17
17-21-17
15-15-15
Unspecified

I

Fig. 1. System boundaries of the production system for
complex fertilizers.

Table 2. System boundary for LCA analysis.

Time-related .
* Recent data in the past 3 years

coverage
Geographical - Work-site of top companies share of
coverage complex fertilizer in domestic
Technology * Technology commercialized in domestic
coverage at present

Table 3. Data sources for resources consumption and
emissions related with Complex fertilizer production system.

Materials

+ Urea, Ammonium sulfate, Fused
phosphate, Potassium sulfate,
Potassium chloride

Parameter

Raw
Input materials

Energy - Electricity, Natural Gas, Heavy oil

Products Complex fertilizers (21-17-17,
Output 17-21-17, 15-15-15, unspecified)

+ CO,, CH4, N2O

Emissions

o, t7jHE=e] WASH "ok AlLE FA AIRH,
A2, 714 Hele Table 201 LR AT,

glo]8 W= Table 33} o] = = P4k Al
Ao EREe duEdyt oyx], a22|al ofof wet
AEEE AE B d7biEeEE dod sy 5dhE
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Table 4. Data quality requirements for LCA analysis.

+ KFIA (Korea Fertilizer Industry Association) data (fertilizer production data)

Internal system

« Field data gathering to targeting businesses

+ Utilization of domestic LCI database
External system

- Utilization of foreign LCI database (Ecoinvent Life Cycle Inventories of Agricultural Production System)

Table 5. Greenhouse gas’s emission factors of each fuel.

Emission factors (kg GHG/TJ)

Fuels Low-heating value (MJ/L, NM’)
CO;, CH,4 NO

Light oil 74,100 3.9 3.9 354

Kerosene 71,900 3 0.6 35

Heavy oil 77,400 3 0.6 39.1

Gasoline (for vehicles) 69,300 33 32 31

Gas (Butane/LPG) 63,100 1 0.1 45.7

Natural gas 64,200 3 0.6 40

Anthracite 98,300 1 L5 19.3
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Table 6. Characterization of emission with production of complex fertilizers.

. . Input Output
Classification - - -

Parameter Unit Amount Parameter Unit Amount

Urea kg 2.28E-01 Product kg 1.00E+00

Ammonium sulfate kg 5.56E-02 CO; kg 2.49E-02

Fused phosphate kg 5.54E-01 CH,4 kg 1.00E-06

Complex fertilizer Potassium sulfate kg 3.41E-02 N0 kg 2.01E-07
21-17-17 Potassium chloride kg 1.29E-01
Electricity kWh 6.44E-02
Gas kg 7.60E-01
Heavy Oil kg 6.36E-03

Urea kg 1.71E-01 Product kg 1.00E+00

Ammonium sulfate kg 4.18E-02 CO, kg 2.49E-02

Fused phosphate kg 6.36E-01 CH,4 kg 1.00E-06

Complex fertilizer Potassium sulfate kg 3.17E-02 N.O kg 2.01E-07
17-21-17 Potassium chloride kg 1.19E-01
Electricity kWh 6.44E-02
Gas kg 7.60E-01
Heavy Oil kg 6.36E-03

Urea kg 1.95E-01 Product kg 1.00E+00

Ammonium sulfate kg 4.76E-02 CO, kg 2.49E-02

Fused phosphate kg 5.86E-01 CH,4 kg 1.00E-06

Complex fertilizer Potassium sulfate kg 3.61E-02 N,O kg 2.01E-07
15-15-15 Potassium chloride kg 1.36E-01
Electricity kWh 6.44E-02
Gas kg 7.60E-01
Heavy Oil kg 6.36E-03

Urea kg 4.43E-01 Product kg 1.00E+00

Ammonium sulfate kg 1.08E-01 CO, kg 2.49E-02

Fused phosphate kg 5.94E-02 CH4 kg 1.00E-06

Complex fertilizer Potassium sulfate kg 8.17E-02 N0 kg 2.01E-07
unspecified Potassium chloride kg 3.08E-01
Electricity kWh 6.44E-02
Gas kg 7.60E-01
Heavy Oil kg 6.36E-03

"The amount of all parameters were calculation based on product 1 kg.

Znt W D
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Table 7. Major greenhouse gas emissions of complex fertilizers production system (unit: kg CO; eq. kg'l).

List 21-17-17 17-21-17 15-15-15 Unspecified
Carbon dioxide 1.66E+00 1.52E+00 1.57E+00 2.13E+00
Methane 6.97E-02 6.13E-02 6.48E-02 1.01E-01
Nitrous oxide 6.90E-01 5.23E-01 5.93E-01 1.32E+00
HFC-134a 5.91E-04 6.59E-04 6.16E-04 1.62E-04
HFC-152a 1.55E-08 1.33E-08 1.42E-08 2.35E-08
HFC-23 1.58E-06 1.37E-06 1.46E-06 2.34E-06
Sulfur Hexafluoride 4.32E-04 3.72E-04 3.97E-04 6.56E-04
CFC-14 1.64E-03 1.45E-03 1.53E-03 2.35E-03
Total 2.42E+00 2.10E+00 2.23E+00 3.56E+00

Table 8. Amount of greenhouse gas emissions and contribution for complex fertilizers production (Unit: kg CO; eq. kg'l).

Parameter 21-17-17 17-21-17 15-15-15 Un-specified
, N 1.51E+00 1.13E+00 1.29E+00 2.93E+00
Nitrogenous fertilizers 62.20% 53.78% 57.78% 82.34%
. o 4.05E-01 4.64E-01 428E-01 434E-02
pre-manufacturing 2 materials - Phosphatic fertilizer 16.70% 22.09% 19.18% 1.22%
phase Potassic. fortilisers 5.26E-02 4.89E-02 5.57E-02 1.26E-01
2.17% 233% 2.50% 3.55%
Energy 433E-01 433E-01 433E-01 433E-01
17.89% 20.61% 19.42% 12.19%
manufactu-ring . . L. 2.50E-02 2.50E-02 2.50E-02 2.50E-02
Direct Air Emissions
phase 1.03% 1.19% 1.12% 0.70%

Table 9. Annual greenhouse gas emissions analysis of plant cultivation with complex fertilizer (unit: kg CO, eq. kg",
N/A: Not application).

Annual greenhouse gas emissions and the contribution due to complex Fertilizers for crops

Annual greenhouse gas emissions

21-17-17 17-21-17 15-15-15 Unspecified
3.69E+08 2.56E+07 2.33F+05 1.45E+09
) S+
Rice 3-82E+09 9.67% 0.67% 0.01% 37.87%
6.15E+06 N/A N/A 5.49E+06
+
Hulled barley 244E+07 25.14% N/A N/A 22.44%
1.92E+07 N/A N/A 1.96E+07
. —+
Naked barley 9-60E+07 20.02% N/A N/A 20.37%
2.30E+07 1.11E+04 N/A 6.24E+07
+
Openfield pepper 2.65E+08 8.71% 0.004% N/A 23.59%
. 3.87E+07 7.52E+05 2.51E+05 1.52E+08
On 6.63E+08
on 5.84% 0.11% 0.04% 22.97%
A AdulE A o] W ARAsta = HH|E 1 9k kg COp yr 9] RAIAT}L S on Aua] Are]
Aok 5ol wele Bo) oA ASTE FaAA 4 AT v} 27 2844 kg 0O, yr, 9HEHTH
T4 WSS Zoll Ao| 7P aTA o2 wekE) kg CO, yr ', 22J65WWF kg CO, yr ', 696313Wt kg
GomE B AGY Qo] Fo AR BUHE 0,y BT 0 et 98 oz 5ol 4 4l
ughize] LA JlelES FHste] BRI E Al FSIE ok uglulRe] SARs WERS 211717,
B35 44 5 4 2ol Bo] Hud shgict B s 17-21-17, 15-15-15, 7Iek 22k 30l6H9uR ke €O, yr
A8 57 (&, ARe, ZRe =313 guhol 20079 271564 kg COp yr ', 2413933 kg CO, yr ', 149
AZE ATEA B o5 2 Auskr] S8 B 5HT kg CO, yr WS HiE3E Ao® UERdld), ol
H B3m|ga 913l 2AI7EA HRAEES Taple 99} ZHo] Figure 20J|A] XHi=n}e} Zro] 9.66%, 0.67%, 0.01%, 37.87%
Dslith Table 9o)Al9} Zo] AW 7k eAzkA o JlojwE Uehj Ro®, o] el o] 48 3
[e]

jus)
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Annual greenhouse gasemissions of crops, the contribution
of complex fertilizers.

Onion B

Op enfield

pepper

Naked barley

Hulled barley

Rice

0% 10%

20%

30%

50% 60% T0% B0% 90% 100%

| ®21-17-17 m17-21-17

0151515

OUnsp ecified B Others |

Fig. 2. Annual greenhouse gas emissions of plant cultivation with contribution of complex fertilizers.
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