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Abstract

Life Cycle Inventory (LCl) is used to evaluate the impact of any product or service in
terms of material flows, energy flows and natural resources consumption to environment
releases. It is the building block of Life Cycle Assessment (LCA) which is a complete systematic
analysis (cradle to grave) of the environment impact of a product. The study was carried out to
evaluate environment impact and greenhouse gas (GHG) emission of farmer’s field crops
production in the Upper North of Thailand (Chiang Mai, Chiang Rai, Lampang, Phrae, Nan and
Mae Hong Son Provinces) by LCl (Gate to Gate level) in 2013-2016. Soybean, rice, groundnut and
maize cropping data were collected using the questionnaire of the inputs and outputs applied
in the cropping system and calculated for the consumption of inputs per kilogram of yield
including air and water pollution from fuel and chemical fertilizers. The cropping systems in the
target sites were composed of rice-soybean, rice-soybean-groundnut, rice-maize, monoculture

rainfed soybean and maize. Data collected consisted of 1) fuel used in crop production and



transportation 2) chemical and organic fertilizer, lime, urea used 3) type and amount of
pesticides used 4) burned farm leftover 5) practices promoting GHG emission, for example,
water saturated land 6) crop yield. The results showed that soybean cropping caused methane
(CHg) emission of 248.26 ¢ CO,-eqg/kg of yield and nitrous oxide (N,O) emission of 58.84 ¢ CO,-
eq/kg. These are the two greenhouse gases causing global warming but sulfur dioxide (SO,),
ammonia (NH;), PM, value are the air and water polluted agents. Rice cropping caused
methane (CHgy) emission of 113.65 ¢ CO,~eg/kg of yield and nitrous oxide (N,O) emission of 58.84
g CO,-eqg/kg. Groundnut cropping related to methane (CHy) emission of 114.44 ¢ CO,eq/kg of
yield and nitrous oxide (N,O) emission of 39.12 ¢ CO,-eq/kg. Maize cropping provided methane
(CHg4) emission of 37.48 ¢ CO,-eq/kg of yield and nitrous oxide (N,O) emission of 261.19 ¢ CO,-
eg/ke. Further studies should be more cropping data analyses to make the precise and useful
information in adjusting the more environmental friendly production technology, better policy

issue in agriculture and carbon credit trade.
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Table 1 Cropping system in the Upper North from the surveys in 2013-2016

Cropping system

provinces

2013

1.rice-soybean

] v a a 1 a 1
W 8 UNuABULILY M.aUle 0.uaLmAe 2139l

Truinanld/ wiuennad A.kuuen 018U 2.81U14

7. 59794 0.43199 9.UNS

ny 1 Uhudeny a.Uemy o.dle A.uilgesdeu

2.4y 2.ulgp9EoU

2. upland soybean

(Seed production for dry season)

vy 2 thuazadslu aagans .Sy 2.9edln

wy 1 ﬁ’mmqmﬂ .Uy 2.44099 9.1i80980Y

truvseniy a.dimy el .uldosasu

sesame-soybean

Jrutatu 9918104 9.43199 2.kigesdau

rice-soybean-peanut

vy 2 Uhuazadslu aagans .Sy 2.9edlnl

rice-Virginia tobacco-peanut

iy 2 Uruazaddlu g.agans o.uilsy 2.43udln

vy 2 Uhuazadslu aazas o.ulsy 2.9edln

rice-Virginia tobacco

A.399194 9.43199 LN

3.
a.
5.
6. rice-dry season rice-peanut
7.
8.

maize (upland)

(sown in July 2013)

Truldenerunumis / Truldersmnumils / rudianu /
uldas / drusiuit / drunans aanelds o.dles a.

LTD9EOU




2014

1. rice-soybean / rice-garlic VLT 011308 .U / Urumaelds Druldensnunald /

TJrutau 9918104 9.43199 2.ugesdau

2. rice-soybean UMURUDIN F.ATWEINY 9.U1UY 2.1U

TIUUBLAY / UIUDUADY $.0UMDY 9.45199 2.14U

3. rice-soybean / garlic-soybean Urutiau aaells o.1les 2. uigesdeu

4. soybean intercropped in rubber  8.ap¥AN LWHBITY / 0.4l 01199 WeLEN

5. soybean U.n279 03518 0. FJandle a1Ue / 1Weesne
2015
1. soybean (rainy season) ulvsnoudy alllowws 8.Un uwildesdaeu
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Maize (upland) v.uAurn aaaaelll o.1dles wiigesaau
2. rice-soybean U.MUDIA ALASEZINY 9.U110Y U
fice-maize U.MUBIAT A.ATEZIAY 8.U0Y U

U.0UMDY M.OUNDI D.6399 11U

3. garlic-soybean (dry season)

U.aUan 9.1409wU9 9.U08 wigasdau

UN1UBY 916104 94189 wiigasaau (Wughiratiuas)

u.liiga 9.918lUs .4309 wilgeasaeu (Wugnuna)

U.dUADY §. AUADY 94199 LUFDIEDU

2016

1. rice-soybean U.R9UY fLllonls 9.4 wigesaou
U.HNE59Y fLlealUs 0.U1 wilgesaau
U.nuendwy s.uuendnny 9.8 wilgesdau
U.LlaUey f.ulaUee 8.ulantes ud
2.UUNTA 2.81U9
U.DUABY M.ONABY B.L889 UL

2. rice-maize u.lvl a.eSasine 9.u1%08 Uy

3. maize (upland) 9.U98 U
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(NHs) 1.2586 nn./funandn saansmsinainnslddend N = 2.0648 nn./fusandn nnsliteed p
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Nan@n (Table 2)
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AndunisuaeefneSeunsean azidumsuasefeiinu (CH,) 114.44 g CO, - eq/kg waglunSananlyn
(N,0) 39.12 g CO, - eq/kg saUansfinglsounszan 153.56 g CO, - eq/kg Wawan (Table 3)

nsUdssfedeunszanautyisnensdwandenvesnswandnlnadedaiveanunsns i
nsldiniade 1.1786 gnunaiums/nn. wawdn THudaius 0.0123 nn/nn. wawdn 14 N wae P Lads
0.0459 uag 0.0080 Nn./nn. wawdn Harsiindnsiia (Tuie) lwds 1,000.51 ua/nn wanda Ty
fiwa Anduuaans wie 0.0158 nn/an. nandn (utunsunsldindesdnsnawiouiu nemizade
warvudwananuaradonisndn) uazituundu Andusiaaisieds 0.8109 na/nn. nandn (lu
Funeuniswuasiaiing 1) dn1sudesuaaisniseininaineiesdnsnanisinuns fe Smu (CHy)
1.7849 nn/funandn A1 PMy, = 1.5138 nn./Aunanas dawastaoanlan (SO,) 0.8220 nn./AUNaNdn
waa39nnsledendl Ao lunsasanlad (N,0) 0.8425 nn./funands wazwauluily (NH,) 7.3618 nn./
FUNANER mamimqﬁwmﬂmﬂ%ﬂsmﬁ N = 9.1651 an./sunandn 31nn1siddewnil P = 0.0605 nn./fu
nanan oAndunisuassfiwSeunsyan axilunisuasefielivu (CH,) 37.48 ¢ CO,- eg/kg waglu
nsaeanlen (N,0) 261.19 g CO, - eg/kg TauUanefingisaunszan 298.67 g CO, - eq/kg Wanan (Table
4)
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Table 1 Life Cycle Inventory (LCI) data of soybean production in the Upper North (15 farmers averaged) 2013-2016 (yield = 154-404 kg/rai)

Input (8159421 / kg yield)

Soybean production process

Output (s159189n / kg yield)

Global Warming
Potential (GWP)

irrigation 2.1888 m3 1. Tillage Seed yield 1 ke 1 ton
seed 0.0672 kg 2. Planting Air emissions factors | g CO2-Eq / kg
Plant nutrient 3. Cultural practice From machinery
Chemical fert. N 0.0089 ke 4. Harvest and post-harvest CH4 1.1822E-02 | kg | 11.8221 | ke 21 248.26
Chemical fert. P 0.0032 kg CcO ke ke
Chemical fert. K 0.0073 ke CcOo2 ke ke
Organic fert. kg N20 kg kg
Pesticides NMVOC ke ke
ml NOx ke kg
ml PM10 1.7277E-03 | kg 1.7277 | ke
ml SO2 5.3875E-03 | kg | 5.3875 | kg
total 0.8350 ml From chemical fertilizer use
N20 1.8981E-04 | ke | 0.1898 | ke 310 58.84
Energy NH3 8.8150E-04 | kg | 0.8815 | kg
diesel 0.0205 ke NMVOC ke ke
gasoline 5.7570 kg PM10 ke ke
electricity NO ke ke
Water emissions from chemical fert. use
N 2.0647E-03 | kg | 2.0647 | kg
P 9.5906E-05 | kg | 0.0959 | kg

total

307.10




Table 2 Life Cycle Inventory (LCI) data of rice production in the Upper North (18 farmers averaged) 2013-2016 (yield = 267-1,020 kg/rai)

Input (815941 / kg yield)

Rice production process

Output (a159199n / kg yield)

Global Warming
Potential (GWP)

irrigation 19744 | m3 1. Tillage Seed yield 1 ke 1 ton
seed 0.0172 kg 2. Planting Air emissions factors | g CO2-Eq/ kg
Plant nutrient 3. Cultural practice From machinery
Chemical fert. N 0.0104 ke 4. Harvest and post-harvest CH4 5.4117E-03 | ke | 54117 | ke 21 113.65
Chemical fert. P 0.0028 kg CcO kg kg
Chemical fert. K 0.0018 ke co2 ke ke
Organic fert. 0.2231 kg N20 kg kg
Pesticides NMVOC ke ke
ml NOx kg kg
ml PM10 1.3140E-03 | ke | 1.3140 | kg
ml SO2 2.4690E-03 | kg | 2.4690 | kg
total 0.6685 ml From chemical fertilizer use
Energy N20 1.8981E-04 | ke | 0.1898 | ke 310 58.84
diesel 0.0134 kg NH3 1.2546E-03 | kg | 1.2546 | kg
gasoline 2.4595 ke NMVOC ke ke
electricity PM10 ke ke
NO ke ke
Water emissions from chemical fert. use
N 2.0648E-03 | kg | 2.0648 | kg
P 4.8015E-05 | kg | 0.0480 | kg
total 172.49




Table 3 Life Cycle Inventory (LCI) data of peanut production in the Upper North (4 farmers averaged) 2013-2016 (yield = 480-506 kg/rai)

Input (615041 / kg yield)

Peanut production process

Output (a1959188n / kg yield)

Global Warming
Potential (GWP)

irrigation 1.0956 m3 1. Tillage Seed yield 1 ke 1 ton
seed 0.0376 kg 2. Planting Air emissions factors | g CO2-Eq/ kg
Plant nutrient 3. Cultural practice From machinery
Chemical fert. N 0.0069 kg 4. Harvest and post-harvest CHa 5.4495E-03 | kg | 5.44952 | kg 21 114.44
Chemical fert. P 0.0030 | ke co kg kg
Chemical fert. K 0.0092 kg co2 ke ke
Organic fert. ke N20 kg ke
Pesticides NMVOC kg kg
ml NOx ke kg
ml PM10 7.1072E-04 | ke | 0.71072 | kg
ml SO2 2.4785E-03 | ke | 247847 | kg
total 0.7970 ml From chemical fertilizer use
Energy N20 1.2620E-04 | ke | 0.12620 | kg 310 39.12
diesel 0.0021 kg NH3 3.3338E-04 | ke | 0.33338 | kg
gasoline 24770 | ke NMVOC kg kg
electricity PM10 ke ke
NO kg kg
Water emissions from chemical fert. use
N 1.3728E-03 | ke | 1.37276 | kg
P 5.4024E-05 | kg | 0.05402 | kg
total 153.56




Table 4 Life Cycle Inventory (LCI) data of corn production in the Upper North (2 farmers averaged) 2013-2016 (yield = 358-800 kg/rai)

Input (615041 / kg yield)

Corn production process

Output (d199188n / kg yield)

Global Warming
Potential (GWP)

irrigation 1.1786 m3 1. Tillage Seed yield 1 kg 1 ton
seed 0.0123 kg 2. Planting Air emissions factors | g CO2-Eq/ kg
Plant nutrient 3. Cultural practice From machinery
Chemical fert. N 0.0459 kg 4. Harvest and post-harvest CH4 1.785E-03 ke | 1.78485 | kg 21 37.48
Chemical fert. P 0.0080 kg CcO kg ke
Chemical fert. K 0.0000 kg co2 kg ke
Organic fert. 0.2430 kg N20 ke ke
Pesticides NMVOC ke ke
atrazine 0.3123 ml NOx kg kg
alachlor 0.2000 ml PM10 1.514E-03 ke | 1.51381 | ke
paraquat 1,000.00 ml SO2 8.220E-04 kg | 0.82199 | ke
total 1,000.51 ml From chemical fertilizer use
Energy N20
diesel 0.0158 kg NH3 8.425E-04 ke | 0.84253 | ke | 310 261.19
gasoline 0.8109 kg NMVOC 7.362E-03 ke | 7.36178 | ke
electricity PM10 ke ke
NO kg kg
Water emissions from kg kg
chemical fertilizer use
N
P 9.165E-03 kg | 9.16508 | kg

total

298.67
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5. Usunautinu (CHy) = YSunauidalngs (nn.WWetwas/nn. Wanan) x Emission Factor (g/tonne fuel)

Emission Factor = 55 g/tonne fuel (UnsuALea)
Emission Factor = 2,200 g/tonne fuel (UULUUTY)

6. Usu1ad SO, =2 xS x F il s = Usinaamesludamas (% by wt) ; F = USinandoimaaildsie
nA. NAKER

Usinasamesluisiuiioa = 0.035 % : Usinadamlaslutnsuiuudy = 0.05 %
7. dafiwa1nirannisilanszatevestulumswseuuUas wazauasnuluwdas (PMy) Ao Huazeoss
YUILANAT 10 um = Emission Factor (kg/ha) x 1/ (6.25 x Wanansols)

Emission Factor = 1.56 kg/ha




8. USunauuadiwenie NH; 9nmslddewdl  E (NH3) = FC x EF x 17/14
FC = Vsnaulle N ldsionlansumanas
Emission factor SUEN‘QEJ NPK = 4% ; Emission factor suaa{ja urea = 15%
9. USunaunadiwenie N,O a1nnstddendl  E (N,0) = FC x EF x 44/28
FC = Vsnaulle N ldsionlansumanas
Emission factor suaﬂﬂamﬁﬁiﬁ N,O = 0.0117 (lufinuqe)
10. V30aaTne (an5v10enluguves N)
N leaching + runoff / AN. WaKa® = NFERT x FRACLEACH (=0.2)
NFERT = USmnaulls N #ldsenlansunardn
FRACLEACH = dadau N imeluunh (laiivaae) = 0.2
11, USunaumaansmath (miﬁmaaﬂiugﬂ%aa P): Pio = Prot X Fro
Po=U3uu P ﬁgﬂ%&imﬁuﬁmwﬂqﬂ (kg P/ha)
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Fo = 1 +(0.2/80 x P,05/ha) = (1/wan@nsials) + [(0.2/80) x ({Jy P,05 Mdals x 6.25)]
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CH; = methane

CO = carbon monoxide

CO, = carbon dioxide

N,O = nitrous oxide

NMVOC = non-methane volatile organic compound

NO, = oxide of nitrogen

PM, = particulate measure = mﬁmﬂ%mmc@uazamﬁﬁwmLﬁﬂmh 10 lumsou
SO, = sulphur dioxide

NH3; = ammonium

NO = nitric oxide #3® nitrogen monoxide
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