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Fuel Conversion to Renewable Energy Analysis of the Impact on
the Horticulture in the Agricultural Sector
-Mainly Wood Pellets-

Yoon, Sung-Yee + Kim, Tae-Hoon

This study analyzed the effect of Greenhouse of wood pellet fuel conversing from
Diesel. Analyzed through a life cycle assessment of greenhouse gas emissions of
carbon dioxide for the environmental assessment, In evaluation of the Ministry of
the Environment, analyzed through the life cycle assessment of carbon dioxide
emissions of the greenhouse gas and, In the case of economic evauation, we
analyzed the investment payback period to the total revenue generated by each of
the calculated incentive based on the RHI and ingtitutions reduction projects a
reduction of costs associated with the reduction of fuel costs.

Key words : wood pellet, renewable energy, fuel conversion, LCA
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SHA 24357 93 oz FFoldA =, Joint Implementation), g7 71 EHA] A (CDM,
Clean Development Mechanism), ¥l & A 24| =(ET, Emisson Trading)e] & #WAUZES
= & 3} 94 THUNFCCC, 2005).

o3 W E WAHYUE F CDM A WX v &k 2Apda 24712 ZFEA| =7) AlA 2+
oAl AldE L 9lom f-Elygte= KVER(Korea Volungtary Emission Reduction)©] 2005
doll Az = o] AF74A] AAEo] 23 itk AU A] F H7E el E dA 7
A A o)L ATV ZhE A Y] B2 ZloE el olvx|de] HEA nvto] w2}
g g e, A5 LFAEEA g5 o] §o] Helsta HdFe] & FAIH
< 7HEo] A AT FHH A oln] HEEC] 52 AR LR &8y
31 3t} (Korea Energy Management Corporation, 2012)

HEl T SFdvulojemag HFeteE AP dE9 ICDM(Japan COMAMG OS2 F47|
AollA F2 43} Hol e, ole 7€ T4 5 EYHE AHEstd F47]90]
Ao F ASE ASst AmH] Qo= QI3 oS IS+ 3, EIF B4l B?A
FTHOE 247t~ viEEo] glo] dxm gl o3 24Vt~ = BotA B = o]
g 75 o|5E 45 F 7] wWEolth(Lee and Kang, 2013)
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Table 1. Greenhouse data before introducing wood pellet
Greenhouse Fecility size Hesting
Zone category (m?) Crop equipment
Sangju Vinyl house 4297.5 Cucumber Diesal heater
Gyeong-bukl) Vinyl house 19835 Chrysanthemums Diesd boiler
Gyeong-buk® Vinyl house 3966.9 Chrysanthemums Diesel heater
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Table 2. Renewable heat incentive standard of british

Category Technologyor energysource Facility capacity | Incentive price
Small-sizedcommercial | Solid biomass, solid biomass contained Step 1: 7.9
. . . . Under 200kWth ————
Biomass in municipal waste, cogeneration Step 2 : 20
Medium-si zedcommercial Over 200kwith | Step 1 : 49
. Same as above —
Biomass Under IMWth | gen 2 : 20
Large-scalecommercia
g . Same as above Under 1IMKth 1
Biomass

Source: DECC, “The Renewabel Heat Incentive Scheme Regulations’, 2011
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gty o A Ee] e AR 2 7123} FH Y A|(IPCC, Internet Protocol Contact Center)
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Baseling(Diesdl)
Diesel
i Heat Supply 1 Facility
orter | Horticulture
Project(Wood Pellet)
\.NOOd — Collect > Transport > Processing
Biomass
l |
Heat Supply 22t
Wood Pellet ——>| Transport > Wood_pel\et > Fa_cmty
boiler Horticulture

Fig 1. System boundary for baseline and wood pellet
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B— Cy,, : BCHE AL
Py, o ZAEER Y AHE-TH(kg)
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1 &M JIkg)

B— Cp : B-CH2]

Table 3. Price criteria classified by fuel

Criteria B-C ail LNG Kerosene Pellet Wood chip
Unitprice” 1,130Won/L | 786Worn/Nm® | 1,525Won/L | 400Won/kg | 160Won/kg
Calorificvalue? 392MJL | 39.4MINmM’ | 34.3MJIL 19MJkg 113MJkg
Unitpricepercalorificval ue’ | 29Won/MJ 20Won/MJ 44\Won/MJ 21Won/MJ 14Won/MJ

Y B-C, kerosene, LNG: Domestic oil & city gas mean price / pellet, wood chip: mean price of domestic
maker (Fuel unit price criteria in March 2012)

2B-C, kerosene, LNG: low caorific value of energy cdorific converson standard table (energy fund-
amental law) / pellet, wood chip: KFRI, JCDM data

9 Unit price per caorific vaue = fuel unit price / caorific vaue

4) Fud unit price criteria in March 2012, ,KFRI, JCDM 2] HlolEH & x5l AH 214,
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A o] i EATE T3t AEFTHF2] 2).9 WU A = AFE A o] 24 TFH]E o]
Rom g ALTA o] AT ERES Jﬂﬂt‘at} AR Aol e HjEATE ofef 9]
Table 49 %7150} Ut}

En; = 2[(]% X Gy X By proguction) T (M; X Cy X E;_ ,,)] 2
En; : AdA Qo] AL 2 ARE A BAEE 247F2 8l S 7 (kgCOy)

M, oA ie] ASFHL or M* or kwh)

C oA 19 SBAAF(REA D BE)

B, proquction - AR 2] AAF €FAw) EA $(kgCO/Kg or kWh)

E,_ . olUA 19 AHS gk &A1 55(kgCOL/kg)

Table 4. Conversion coefficient and Carbon emission coefficient of energy

. Emissioncoefficient Emissioncoefficient
e Conversion . .
Classification coefficient Unit byenergeproduction byenergyuse
(kgCOa/kg) (kgCO/LorNm>orkg)
Diesd ail 0.860 kg/L 0.068 2.67
Kerosene 0.840 kg/L 0.253 252
Heavy oil 0.950 kg/L 0.325 3.04
Volatile oil 0.750 kg/L 0.083 2.2
Energy
LPG 0.579 kg/L 0.596 3.65
LNG 0.805 kg/m3 0.595 258
Briquette 3.750 kg7 0.480 191
Electricity - kg/kwWh 0.495 -
* |PCC(2006)

5) Kim and Yoon, Anadysis of greenhouse gas emissions associated with the production of wood pellets,
Dongguk University, 2013.
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D; : ZAEZ 9] &FA2(km)

G =AAT o] @92k = (kg/km)

E, . EA82 i9] g4 & A5(kgCO/kg)
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6) Kim and Yoon, Anadysis of greenhouse gas emissions associated with the production of wood pellets,
Dongguk University, 2013.
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Table 5. Baseline data
Horticultural facility Conventional heating plant
Standard Fud Equipment Manu- Efficien Power
Zone temperature | (L/m°- quip Medel cy consumption
type facturer (%)
() Year) (W)
Sangju 9 11.59 Diesdl heater - - 89.8 -
Gyeong-buk” 13 1945 | Diesd boiler | Kiyurami | Sten-70000 89 500
Gyeong-buk? 13 1945 | Diesdl heater - - 89.8 -
Table 6. Greenhouse gas emissions in baseline
Basdline Baseline area | Heating supply -
Zone %I?O?epply emission emission heat Eff|(co|/03ncy
(tCOPelyear) (tCOPe/M?) (Gjlyear) °
Sangju Danyang 160 0.03723 1756 89.8
Gyeong-buk” Danyang 122 0.06151 1360 89
Gyeong-bukz) Danyang 278 0.07008 2720 89.8
Table 59} 62 A2 o] YA} T/ 28] HHER] o WE Bdelo AdS UE
ok 919] oA A2t ARALFE a1 Lol B4e nRst] FUTIAT LA
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Table 7. Outline and auxiliary fuel usage
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Table 8. Wood pellet emission factor and emission

Raw materia transport Processing
Pellet Pellet
Area consumption | riesion E;ni ssion Emission E;ni ssion tansport
(ton/year) actor actor (tCOlyear)
(COvea) | coony | OO | ico,ton)

Sangju 71 77518 1.092 13.141 0.185 3510
Gyeong-buk” 35.85 37.141 1.092 6.635 0.185 0.545
Gyeong-buk? 99 108.089 1.092 18.324 0.185 2.363

Total 205.85 270.44 - 38.10 - 6.42

EAEE Y v E e HAuto| o2 A5 HAYAR(FRHIFE/IIE)SE A
H& CO; ¥ Zdutolemj 2~ FE5AA(FE) o2 Q8] HAE = CO, &, AAFH ‘—H
Y sAds 9 dgES ALToEHN WAEE CO, Yo ALkt om AL #h
Table 80l YER} Sth AlEx2 AZFHL 95 £437 #4d HolHE 7S5 o
L o] HAoA Theket S0 EYS dste] SHA] AMSStaL Qlo] AFEke Anlel mhotol
E7Vsslth @A g FEEYS HHE A8 AP%’S}F_ Ak A g HAGA A AL
3 A7 Bdunlo) o2 AR FL sty AR JuFs rFo 2 AAEAT. B
|3 T FAuto] e BHHEC wet AR £ A ARE AHESte Z
247k WEFE A LS Y] Wil 72 Al oA dAstE AT R e
£ FEste BN Tste 247~ E AT wio] SRS AHEE)
E7MS0] 2A7b2 MAlEES A 351CO.y, ZAE1 0.545tC0.ly, 752 2.363tCO.y<]
A7 2 v EFFo] A E A

Flo Br ooz
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Table 9. Reduction of green house gas

Zone Basdline emission | Pellet emission Leakage Red“ﬁglj’;‘e Cg@gree“
(tCO-elyear) (tCOzelyear) (tCOelyear) (CORye)
Sangju 144 100 44
Gyeong-buk” 113 48 i 65
Gyeong-buk? 224 134 %

* When the find results of the project emissions are calculated, decima digit value is truncated
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Table 10. Fuel saving cost due to fuel conversing from Diesel to wood pellets

. Saving
Diesal Wood pellet
Investment cost ! nvecsot;nmt
Zome MC(I)ISt Using cost Using cost D2 payback
(wilion Usage . Usage @ (Million | Period
won) (Lly) (Million (kgly) (Million | " : V)
won/y) wonly) y
Sangju 4,015 49,808 5,673 71,000 2,840 2,833 141
Gyeong-buk” 2,523 38,579 4,394 35,850 1,434 2,960 0.85
Gyeong-buk? 4,013 77,156 8,788 99,000 3,960 4,828 0.83
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Table 11. Incentive from agriculture and the rural voluntary greenhouse gas reduction pilot

project
Bagd!ne Pellet emission Reduction of Incentive Farm_ prOflt
Zone emission (tCOselyear) Green house gas (worvton) (million
(tCOzefyear) y (tCO-€elyear) won/year)
Sangju 160 3 157 157
Gyeong-buk” 122 0 122 10000 122
Gyeong-buk? 278 2 276 276

Table 12. Incentive from renewable heat incentive project

Facilit Boiler Therma energy RHI
Zone : ty operation | operation time production Support Price | Incentive
(kWth)y time (h/year) capacity (Won/kwWh) (Million

(h/year) (kWhlyear) won)

Sangju 1575 5760 - 374722 17 637

Step 1: 1314 | Step 1 : 43163 | Step 1 : 83.3
Gyeong-buk” 864 5760 856
Step 2 : 4446 | Step 2 : 146045| Step 2 : 34

Gyeong-buk? | 1575 5760 - 522500 17 888

* |ncentive price of medium-sized commercia biomass is divided to two step. incentive price of step 1 is
4.9 won and step 2 is 2 won/kWh.
* |ncentive price of large-sized commercial biomass is 1 won/kWh.
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Table 13. Economic benefits due to fuel conversing
Investment Fuel saving _Reducﬂpn Rene.NabIe. Tota Investment
cost pilot project | heating incentive . cost payback
Zone cost . . . (Milion .
(Milion won) (Milion (Milion project wory) period
won/y) wonly) | (Milion worvy) y V)
Sangju 4015 2833 157 637 3627 11
Gyeong-buk” 2523 2960 122 856 3938 0.64
Gyeong-buk® 4013 4828 276 888 5992 0.66
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