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Analysis of Greenhouse Gas Emission associated with
Clean Energy Agriculture System Development

Kim, Tae-Hoon + Yoon, Sung-Yee

This study presents detailed emission of greenhouse gases of using Clean Energy
Agriculture System according to a cradle-to-gate life-cycle assessment, including
emission from energy use and leak of Biogas. Calculations were done with the
PASS software and the covered gases are CHi, N,O and CO,, Total GHG fluxes
of amount to 1719.03 kgCO,/day, 39.63 kgCO,/day (2.31%) are from facility house
process, 0.19 kgCO,/day (0.01%) are from transport process, 696.72 kgCO-/day
(40.53%) are from Anaerobic digestion process, 846.61 kgCO,/day (49.25%) are
from Heating and cooling system, 135.88 kgCO»/day (7.90%) are from Fertigation
production process. The results suggest that for effective reduction of GHG
emissions from Facility house using clean energy. Reduction targets should address
both the production process as defined by IPCC sectors and the consumption
process. An LCA assessment as presented here could be a basis for such efforts.
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H7] 5o A FHoNA ALdEJHFT] 29EH o wjEHFe FH3}sta o] 50| 7 )
e FAAZFH &S AAZ= Frishs 344 HrF 7otk ARAH = AdAE
2 FAAA FE&HL JYARE FHFEAA Y] FE&E HA 5o7b= FAlo|TH(Shin et
al,, 2003). =3, &5 bt A5} A|A Y AL HAAE 2 87
715 38}ol| T3 Y-S 7] X th(Kramer et al., 1999; Nonhebel, 2004). ©]&3F T oA 4
oA sHL A&7Hs3 FHo MEL oA Bl A A= oA ZHollA
A&7sd QS ouEiy ol A E 7IE FHAA oo a&3t ¢ A7 F
3 M AES AMGHFS Fola, HAFAYAUAE o] &3t FHARE thAst] 247}
2| EFE AgFeiAbs o] Eolth

AF7NA A= AZAUATA <0l 3tH HHEAE, FA2 55 483
AR L2 A AZErEo] glen, sids AVIsEs AE, HYE, 3714,
2247 vlo] Quj~E o] &3t AA IR P&l BRI AT AT VSR
A7) 43k} o] FjobillA HIEA o] Quj2E o] &t AV BA 22 W,
7Vt Fhmol A A vlojuj s o' F ZHA] oYX e AU vho] Quf e}
© AdA AR FmFEAA FHE AUA dAE AT T3 vio] Quj A 0 ' A
7VEERe Yt &8 AAE BT a7t JTh(Heo et al, 2002). =3 7S5ERE €
£3}o] nlo] @723t & AL 1 i 9 Hlo] 27T 21 MY AU AIE JHA 2L 1o, 35%
o] HAFTLS IHIIH 2.04 kWhe] H7]E A4 4= 9tk TG 1 nie] Hlo|ortxs &
o|4kslErA 4.043 kg COE AT & v AR EAHI JTtH(Murphy et al., 2004).

A v AA odA] HF 28 20008 F-E 201137HA] AEH 3.2% F71sH
Aok §9HA 2 73wy FEY oA HF AHEe 22 7|t 2.7% A
o FPFEAA A &87F FAS A AR Fsol F7H BYFA ostE o)
A P4 o] A7) WZoltt. et TP JAA HHF T ol
UA 2vloA BIAf oUA R tiAE AL AU AE AR 7 e 2EH A" E s
AA Y ggo] st AHo|tHKREL 2013).

2 =iollAe ARG 7E S o] &3t SIMABE AHESE Al olE Tt TSR
55 8% AZAUATHAN =S EY3te] vlolertx~E AJ4kst

=
g8t AAdsH2o AR A wE 247k WEed 2 AEEe B4k

e 3

=



A9 A s G =" 7

=
3
2
ru
™
ol
o

SCICEPPSED X 645

L A4

ol22] Table 1€ AR T A 27 S E?ﬁ—t— 7kl HlolEE vehd o). A
FUAE A7= A B 98] Qom, g AL 2ol HE QolE At
o, sA7lde S, 7ol dAANE T ATk Ade] EQEE ¢
de A ARl RS bR 14 0, AAFERAA B S
E 3 ni/d 283 AeA] Bs= SAE2H Y] 3 ni/dE F 20 ni/de] FAETE A
A AE YREAS W71483Hl FUste] vlo] e7txs} sta] Agux o] WA
2§l olix Yo FFE AMEE20] WAL S 150]H A7]E L94.0 mx
W7.0 mo] 3, 2AEAZ L oF 658 ni(6.6)°th FHANUAEIA 2=H L& =U3H] 919
7] BAHgE AAH &S F 1700901H oF HThRE 60%, AW 20%E AT AR
B 20%¢] 39 47¥o] 2T EAN G o R T Ao LARUHE TFOR A2

I

O

B

Hol] ZYUEE A 2718 Agson @r)aske D YA sge] 27)E A
ool Bad A7) Ao 712w 82 Malhg 71202 A4 H7]8 stk
NaFe YeiTlAE BT AA AL o] 0k E Shdy] Yt 7]

WA E FEdte] AJAsH-2oA WS T3 Z}-g,] Mo AS - B A
FoHE AANURA s AA ~EH L T3
A, AL 47) 0] S A A EH-2e —Er?;w Hl & 94 Fg B2 FYiAs
AA 2Hl o] A oA AAYS= 24 7F2n

e
o
mlo
Mo
1
o
kl
2
o %
O

Table 1. Data of Clean energy agriculture system

Classify Data

Zone Bogae-myeon, Anseong-si, Gyeonggi-do
Summer season Cucumber

(February~August) (Forcing culture)

Crop and method of cultivation
Winter season Cucumber
(September~December) (Late raising)
Livestock(pig) 14 mi/day

. Main material Kimchi processing ,
Raw material 3 m/day
by-product

Adjunct material Food waste 3 mi/day
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Classity Data
Area L94.0 mxW7.0 m, 658 m*(6.6a)
Facility house
Volume 2,349 m
Facility | Anaerobic digestion process 20.0 m/day
capacity Cooling capacity 429 Mcal/h
Heating and cooling system
Heating capacity 294 Mcal/h
Fertigation production 11 /day
CH,4 555.39 kg
Production of biogas
CO, 317.3 kg

Source : Establishment of clean energy farming system using the agricultural waste biomass report (2015).

* Main material : Pig slurry(Content of water is at least 93%, slurry phase), Kimchi processing by-product
(Content of water is not more than 90%, Solid phase).

* Adjunct material : Food waste(Content of water is not more than 75%, slurry phase).
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Fig. 1 System boundary of CEAS(Clean Energy Agriculture System).
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Table 2. Design criteria of CEAS(Clean Energy Agriculture system)

Classification Design criteria Remark

- Organic (VS) decomposition 75%

Anaerobic digestion . . .
- CH4 production potential 0.67 Nm“/kg-VS;emoved

. . . - CH,4 recovery rate 99%
Biogas purification
- CO, recovery rate 95%

Source : Establishment of clean energy farming system using the agricultural waste biomass report (2015).
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Table 3. The maximum heating load calculation factor

Factor Measurement
Greenhouse surface (A) 658 m’
Setting temperature of facility (Ti,) 15C
Design temperature of outdoor (Tou) -19C
Heating load factor (U) 5.7 keal/m?- hr'C
Reducing heat rate by covering for heat insulation (f;) 0.35

Source : Establishment of clean energy farming system using the agricultural waste biomass report (2015).
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Table 4. Input and Output data of CEAS
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Input/Output unit | amount/day Remark
Classify
Input
CO, kg 6.6 Amount of Carbon dioxide fertilization
Facility house
Fertigation m’ 1 Input of production fertigation
Transportation of . Based on a cargo truck (5t, 8 t, 15 t)
. Diesel L 11.25 K
raw material transport distance
Livestock m’ 14
Kimchi processing ; 3
Anaerobic m
o by-product Based on 20 t/day scale facility
digestion process
Food waste m’ 3
Electronic kWh 706.30
3
Heating and CH, Nm 2256 Heating system 17.0 Nm/h
cooling system Electronic KWh 1044.00 | Cooling system 11.2 Nm’/h
Fertigation . 3 -
. Electronic kWh 169.70 | Based on 1 m’/day scale facility
production
Output
* Greenhouse gas generated from the
energy used by Process
Direct Emissions CO,, CHs, N,O kg 1007.56 | * Leak biogas under system
* CO; emissions into the air from Storage
buffer tank
Production
. CH,, CO, kg 872.69
(Biogas)
2. AFA AR

CEAS?| LCAS] #4<& #3 &=+
Edo]E o] &3t
A E-Z(Life Cycle Inventory)©] EA)3}=
AR B2 Afoll= Ao el 24T A E TS

H (o]
’\L‘}‘\:]I'E'

Yol A sl AAAHF 7} 2ZE
A&ttt A7, %, 4
gl =

=9 LCI D/BZ

doj2l PASS &
fr 5 =Tl ol & 7Hsd A
X831 3, DB} &
A4bst At
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Fig. 2. Greenhouse gas emissions of processing in CEAS.
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e Bal YAE Hololas) AuE o] & AT F Al Aok
AZBATL YA PN BE BT NSRS S TR B4 8H03.7
vyatel HHIE ALgSHE SO UEdTH2012d A FAbh). AT HEERE B

33t AR vlo] e 7b 23} dte] AT 9 268 kgCOs-eqiton] 247125 O &
T AtHNam et al., 2008). WA CEASE T3l 7I5ExE vlo]ertxst & 79 7]1&Y
FHshA BTt B 24Vt E A 4 A Aok =3 A4k vlo] o7t~ E AIA

el WA zdlel g3t SAARE tAEH, HISAAA2ES 58 A

o] 8AHISE UAIStY otgiehhe] I TS HEAZL & Aok ZF 247t 5T
& 2| L3} A 4(Global Warming Potential, GWP)E Z]-8-3}a] o] 213} ekA A 3H(CO,-eq)
O etk GWPE 247k27) 1001 Betel mRl 2ds E3bE o)idstehao] A
2 12 39S o 343 grog mee 2], olaksld A= 3108 283 THIPCC, 2001).

Table 24. Annual GHG reduction of CEAS

Classify GHG Reductin % Unit Remark
Production of Biogas 1,956 89.32 t-CO, | Based on 20 t/day scale facility
. Heating 81.98 - t-CO, 1 cal =4.1868J, 72,600 kg-CO/TJ
Fossil fuel
substitution Cooling 151.67 - t-CO, | 0.4836 kg-CO»/kWh
effect
Subtotal 233.65 10.67 t-CO,
Chemical fertilizers
L 0.03 0.01 t-CO, | 0.28 t-C/t-CO;
substitution effect
Total 2,189 - t-CO,

919l Table 255 2+ &AM HAHH= 2A7t2EFES U Folth. Hpo] 27k Atk
g 27k AEFE 4 Syt 7SR Adel 7 dntzow &
|53 e HviE e ATtz HlwE Abgstlth Ehls 3y Folle
NH;, N;O, CH,y 52 th7] ed=d3 247 27F ARG, 7hxme] AR 242 |

st A F A4 FF WHES dHo] e, HE Y 7_‘37} Hrlgr] f387]1 2 Al
5715 B35t A FEHS 58H N,O9 CHyol A 7HASHAYE NHy o] B2 57t
TH(Amlinger et al., 2008). E|H|8} A F 247F2 vlEHS Il AHEE = E]‘j]fﬂr

W FUe Yo R EHSE S dEo AFEHAE o] 83t FAEIATE &
ERHEE 60%) B3t 34 F 7kt wke o ryol 127.4 g NHs-N/kg T-N, owg}@i
46.5 g N,O-N/kg T-N, #WE 1.9 ¢ CHykg OMO] A TH(Fukumoto et al., 2003). H}Fo] 27}~ AJ4t
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of AHEH EE/SAEHTE(7:3) 152 EHlE 34 F 733 g NHs, 691 g N2O, 859 g
CHyS TAst= A0 2 EAEIT =3 {715 & 36% A &ata, Mgo= Hdgke
g4 0]9]9] ART} CO,E ARtk 7FHEE 322 kg CO.7F thy] o8 wjEHrh
I EE ERS/SAEHTE(OM 4.5%) 18] HRIst 44 F 7] $o=2 wj&3dte 2
A 7F25(CO,, CHy, N70)2] F2 248 kg COreqZ AAFE AT ZF 247128 7]o-8-2 N,0,
CH,, CO, A2t 86%, 0.7%, 13.3%= NoO7} thi-E-& 2pA|8kal Aok 18y f7]1=9
glo] HF Ah=o] Codbe As 1H3t =3 f71E 9 CO7F U7l TolA Faefs
< etetd Eust A4 F BAYSHE CO= T4 H(Carbon neutral) 71d & 283}
7ol Al A &5k Zlo] Bl g Aoltt. o] A FH|g A F 24A7F2 viEHF2 216 kg
CO,-eq/ton waste(OM 4.5%) AT}

9 A= vlo]| 7b23lE B3 A A AAH SR 52 kgl COreqs AFE 7+ AT
+ A& 1A 7]E st oA vio] et Ao R RSO 2 268 kg
COr-eq/ton®] 24A7F~E 5T F A5 YERATE o] 5 ton/d HFo] 27F2 Al A4 A
7t 489 ton COr-eqE HFT F ATeE AS ‘/]-E]-‘/H THNam et al., 2008). ©]&]3F X3
OJHE 7|Eo 2 B AT AHEH 20 ton/d 7] 9] Hio] 7t AFMEO A Hlo] 7}~
ke A9 1956 t-CO, 9 i’éﬂ* 7‘%3# I e Aeg 4kt

st AR A A g 2AVMATEFFE AEsHe 29 A7E duA Fa
269,725 Mcal& F%3}7] 9] POE] FUE Hgrtee AfpRdds w8 AE dvks
g 7:1]40}951@ A7)l WU AE tAshs Zlo]7] wZel oozl Abgo
AL FS A SR At on, s87 e v E tAstE
of SIMASE A= o= AL s A Zds AlEsH~
2RI 33.99 kg-urea/'d & A e SAVES vlEHE Atstdnh &
Sl wio] @7k Aibe)] whE 2AVFAST O] 89.32%% T E9ko
A EFAT} 10.66% 2 UEFRTE st s tiAld] @& ZEae FAA oA
£0] 0.01%= YER o, 20 vde] ulo]| 7t A~ZEHES T3 H Ao
=& 53 Az 2189 t9] COE ST 5
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oI A s qA 2= o] mE AFEA ] AVFEHET 24 657

a3k vlo] uj 22} o 2 A Trekgt &8 AAE BT FQU) ok CEASw IA 95
%, d714834, Y BA 28, v g3Agske] 4712 3 o] At 9o THES 53
Hio] @7k xef B E A4bstal 247 27F ASHA "k WAl '3 7] 45E
oA 7HE Be AVt vMiEEH o B VSR eE &8st AdUAR AHES A
$- CH,2] H]&o] =& Flof| wtste] AA vjEFol A €09l vl&o] =4 Yehd A A4t
B et~ 9] 25.85%%F WihEAg o] AFEE AL YA 74.15%2] vlo] @7t~ A 2H
ol A AFskA] 9r] WEel Ao ® BoETh 2R L= gus)l st AR blo] o
7k2:3t st AT A9 o B 24A7MAE ST 5 Atk (Nam et al, 2008). webA]
CEASE Bl 7I& &g uto]ert2st & A5 dA] d=xA 71E5ERE 93} st W
AR B 247~E ASAE F A Ak webA JHEERE vlolevtast &
A AR THAI 2= Bol ofye} ALHR] AFE Tl FPFENA A&7

B LATAARS T F 9 Bzl AL va,
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