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Abstract — The greenhouse gas (GHG) emission assessment of kenaf pellet, produced from locally generated kenaf
residues in South Korea, has been studied based on the EU RED-II methodology for calculating GHG impact of biomass
fuels. Based on the production pathway of kenaf residue pellet and emission coefficients from EU JRC report, the life
cycle GHG emission of kenaf residue pellet is assessed as 3.0 gCO,eq/MJ, and the life cycle GHG emission of electricity
generated from kenaf residue pellet is assessed as 11.9 gCO,eq/MJ when electrical efficiency of final conversion is 25%.
The potential GHG emission reduction of electricity produced from kenaf pellet is 90.3% compared to the domestic
electricity emission factor 42.8 kgCO,eq/MWh. Also, the electricity produced from kenaf pellet can reduce at least

59.6% of GHG emission compared to the electricity produced from imported wood pellets.
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Table 1. BioGrace-II Standard Calculation Values used for GHG Emission Assessment of Kenaf Residue Pellet

GHG emission coefficient

Standard calculation value parameters

Fuel Transport exhaust gas

Density LHV efficiency emissions

2CO,MIJ

gCH/MJ  gN,O/MJ

kg/m®)  (at 0% wat
(kg/m) - (at 0% water) 1y ki) ~aCHytkm  eN,O/Ckm

Diesel 9.51 0.0
Electricity South Korea 184.0 0.31
Truck (40 ton) for chips (diesel)

Truck (40 ton) for liquids and pellets (diesel)

CH, and N,O emission from use of diesel (transport) 0.0013
CH, and N, O emission from wood chip boiler 0.005
CH, and N,O 0.003

0.0 832 43.1
0.0076
0.84 0.004
0.87 0.004

0.0016
0.0016
0.0032

0.00098

0.00059

_hL

JAE A E Sl A AL R o] fAkek i I ] WA, 4
o] 75t A E F Rl 2EY oUAE A EE AL 7]
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TR AFEC] XF

rf HN of

L3 FU=RIE,
+sEAT T
AV Fk(standard calculation values)© & ]2 F] o]
ST} o] FrES EU 35 A7-41E (Joint Research Center, JRC)2]
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Qs A% FAS A7) fIAY EU 357418 B o] Al
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Fig. 1. Pathway for GHG Emission Assessment of Kenaf Residue

Pellet.
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Table 2. Generation Quantity and Physical Properties of Kenaf Residues

Parameters Value Unit
Annual generation quantity® (at 0% water) 18.7 mt/ha/yr
Moisture content® (after 5 months field drying) 15% wt.%
LHVE (at 0% water) 17.4 MI/kgge,

?: 1 ha generation data is a simple conversion of 10a-based production to 1
ha, and 32 tons of Kenaf per 1 ha per year is produced based on 27% moisture
content after one week of harvest, which is 23.4 mt/ha and the double stem
ratio is 80%. It was assumed that all residual water stems could be recovered.
b: Kenaf stems were assumed to be naturally dried in the open field after leaf
harvesting and cutting, similar to the straw pellet manufacturing process.

¢ The LHV of Kenaf raw material was converted based on a moisture
content of 0% using the average moisture content and the average LHV
(average moisture content of 6.28% and average LHV of 16.3 MJ/kg) of
the 4 proximate analysis results.

3280 Ak o] & g 0%2] A% 7SS E ket 234
mt/ha®]Th. o] F Z7]9] H]&L 80%E o5 Z&3shd A7k =7
ZHAE AR 18.7 mtha¢] 12, )= A 3 7hssitha 71
SIQITE AV £71= 4~5718 2 =4 A2E AAE 15%2] &5
F FEOF AZT I, FFE 0% AL 174 MI/kee] T,
o] Ak ol A] FRJE = o] AMSEF 2 25 A= Table
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2 1A St AV 7] JAE 3 EU JRC 21
A1) e A5 3 WAl WA ™ (baling) W2)S F83ke] o]
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L2 % - DI

i
>
i
N

Jake ARSIt A2 ARl 749 JRC B4 9]
7IeE ARkl S 50%2] HAR 1E el Ao sk Ao
o] o], & 15% 7= AUZH 1E 71507 A6l
Agsliet? 5140 49 A8 4578 100 km, 2 57
2] 100 kmZ <= 78R o, 52 JRC Bl AR5k
O F F 54 408 AFHEHY AB 4] 408 FHEHS 7
ZF 7Ptk FHEouA) Mgk 83 ae)e] 3¢ JRC B
A 7183k Aol AREE 5891 25%S 78Tk

A D210 Aabyd 2471 wlE3S B495 A3} Table 491
o) A=tk 4 WA ] mlEE Alx g S Sl
HE V)55t 2 ) o1 918 V)] Ay 47kA )
E3o]X| gk EU RED-I1 P EUZ AL A (F Folu#]) W o
ANe] vl COo, viEFo] 25 o Q).

ko] A (3)S Ag3to] HFolUA| Wiz T ke A7) F &
272 WE S AP ek A § 8 25%S 71F 08 A #E
< ARZE sk Age] My TR viEE 11.9 gCOeq/MIE
AP E I o= BUS] A8 VI S AR M LA (ECy): 183
gCOeqMN} Bl w3t u] 94%2] 247k W& 558 ERd
7] A% )2 EUE RED-IIOIA ARl ] jEd o] -5 o33}
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A9it.
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Table 3. Inputs and Assumptions for GHG Emission Assessment of Kenaf Residue Pellet
Flow Inputs Value Unit
Collection Diesel 104.3 L/ha/yr
Pelletising efficiency 99% %
Electricity 853.4 MI/mteyieq
Processing Diesel 0.954 L/mtepieq
Heat 220 MI/Mtyenatenip
CHP efficiency electrical efficiency : 16.3% / thermal efficiency : 69.6% %
Transport distance of feedstock 100 km
Transport Transport distance of pellets 100 km
Transport vehicle 40 ton truck (diesel) -
Final conversion Electrical efficiency 25% %
Table 4. Calculated GHG Emissions of Kenaf Residue Pellet
Flow Collection Processing Transport Non-CO, emissions from the fuel in use Sum
Value (gCO,eq/MJ 1) 1.3 0.3 1.2 0.3 3

Table S. GHG Emission Savings of Electricity Generated from Kenaf Residue Pellet Compared to Domestic Electricity Emission Factor

Electricity emission factor

(G

Parameter

Emission factor of electricity generated from

GHG emission saving
Kenaf residue pellet (B) ((A-BY/A)

Value (kgCO,eq/MWh) 443.4

42.8 90.3%

‘o)

2 Q18 Z3Rk Qol= 9l 5 Ak
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Table 6. Comparison of GHG Emission Savings from Kenaf Residue Pellet and Typical Wood Pellets (wood pellets emissions calculations from

Japan Biomass Power Association)

GHG emissions (2CO5eq/MJjecyicity)

Biomass fuel Country of Heat provision for .
production system origin Feedstock process drying  Cultivation Collection Processing Transport Final um
conversion
Wood pellet US East FR 63%, WIR 37% Biomass - 4.7 18.6 38.7 1.2 63.3
FR 99%, WIR 1% Biomass - 7.8 29.7 439 1.2 82.1
FR 30%, WIR 70% Biomass - 2.2 27.5 44.6 1.2 75.5
Canada WIR 100% Natural gas - - 5.6 22.6 12 29.4
WIR 100% Biomass - - 38.6 20.0 12 59.8
FR 50%, WIR 50% Biomass - 3.7 9.5 24.5 1.2 38.9
Vietnam  FIR 50%, WIR 20%, 5735~ 30%  Biomass 5.0 3.7 26.7 14.9 12 50.5
WIR 100% Biomass - - 28.6 12.3 12 42.1
Kenaf residue pellet Korea AIR 100% Biomass CHP - 5.1 1.1 4.7 1.0 11.0

FR : Forest residue
WIR : Wood industry residue
AIR : Agricultural residue

EAI e} vl sk A9 [8], A AR A A9 wiEAlTE
11.9 gCO,eq/MJ HlEZF-S MWh @92 23k uf 42.8 kgCO,eq/
MWhE, S A 7)% A& A5 443.4 kgCO,eq/MWh T
H] A7F2 vEES 90.3% EY s Ao Z AP E I
slel] ol E e EApdEl g A A7 WS Bl A

(Unit: gCO,ea/MJjocticity)

F, 59 BAR ) Flel 71 BAAE glof Are) 2
2% Fastel wlw s A AsATHoL AR AN WL
slal SAEE 5 vlol eul s AR w5, Ateh, Foblol 5
Al %5814 AF8HT 0w, BABZ] A eI 3]

79 e ARk Selvtebsl nszshey, e Aol @
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US East US East US East Canada Canada Canada Vietnam Vietnam South Korea
Wood pellet Wood pellet Wood pellet Wood pellet Wood pellet Wood pellet Wood pellet Wood pellet  Kenaf residue
pellet
[Feedstock] Forest Forest Forest Wood Wood Forest Forest Wood Agricultural
residue 63%, residue 99%, residue 30%, industry industry residue 50%, residue 50%, industry residue
wood wood wood residue residue wood wood residue 100%
industry industry industry 100% 100% industry industry 100%
residue 37% residue 1% residue 70% residue 50%  residue 20%,
SRF 30%
[Process drying Biomass Biomass Biomass Biomass Natural gas Biomass Biomass Biomass Biomass
heat source] CHP
= Cultivation m Collection = Processing = Transport = Final conversion

Fig. 2. Comparison of Life Cycle GHG Emissions of Electricity Generated from Imported Wood Pellets and Kenaf Residue Pellet (imported
wood pellets emissions calculations from Japan Biomass Power Association).
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