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SUMMARY

[. Title
Development of fuel supply system and hot air heater using waste edible-oil

II. Objectives and Necessity of the research
The purpose of this study is to develope waste edible oil hot air heater that includes devices of refining
waste edible oil, fuel supply and heating, controller of opening spiracle that control burning rate and find the

most optimized burning condition run by automated systems

II. Contents and Scope

This is a fundamental study to develope agricultural hot air heater which using waste edible oil refined and
the heat capacity ranges from 120,000 Kcal/h to 140,000Kcal’/h with over 80% heat efficiency. In the first year,
document study on waste edible oil was done and on the outcomes of waste edible oil and the status of actual
use. In addition, the key components has been designed and manufactured for the hot air heater development
using waste edible oil. In the second year, the prototype of hot air heater has been designed and manufactured
using key components which developed in the first year and production type of hot air heater whose heat

capacity ranges from 120,000 Kcal/h to 140,000Kcal/h with over 80% heat efficiency.

IV. Results and Suggestions

Biomass by-products in south korea was estimated 10million tons, 5Imillion tons and 7.03 million m’/year
forestry and livestock manure by-products occurred for each. Hot air heater with diesel oil combustion is used
as the most common heater for greenhouse heating in the winter season. Hot air heater of 186,246 has spreaded
as main greenhouse heating device until 2005 and greenhouse heating cost has reached to 574 billion won in

Korea.
As a result of material property analysis, the viscosity of waste edible 0il(40C) was 392.cSt and the result of
distillation analysis the initial flow point was 196.5, 10% was 308.4C, 50% was310.2C, 90% was 293.1C.As

the proportion of waste edible oil increase, the viscosity of mixed bio oil was increased from 7.9cSt to 17.6¢St.

The specific gravity of waste edible oil was 0.92 which is higher than diesel oil. It can provide more output



than diesel oil. But it required less air than diesel oil and expected that the exhaust of soot will be decreased.

The higher calorific value of waste edible oil in composition was 9.37Kcal’kg and 10.890Kcal/kg for diesel

oil.

The fuel consumption of waste edible oil shows higher than diesel oil as much as 6%.
The temperature of exhaust gas of waste edible oil shows lower than diesel oil as much as 6 ~ 8Cwhich

causes low high calorific value.

As a result of oil comparison among diesel oil, heavy oil, waste edible oil, the best spraying pressure of

nozzle was 2.35 MPa and the heating temperature was 80C for waste edible oil, 90 Cfor heavy oil.

In case of applying hot air heater using waste edible oil to greenhouse it shows benifit in economic efficiency
analysis. As a result of BC (Benifit Cost) by applying hot air heater using waste edible oil it showed 4.92
which was better than using diesel oil

which most widely used in Korea.

It is recommended to apply developed hot air heater using waste edible oil for greenhouse heating in winter
time especially to save energy cost as providing refined waste edible oil which supported by the system of

government or local government.
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Table 4. Physical properties of the experimental fuel

D #2817 (WE) .
ltem Test Method (Diesel) (Waste edible oil) Limit
Copper corrosion KS M2018-97 1 1 1<
(100/3h) (ASTM D130)
oo . | C | ASTMDS9L | 8621 76.87 -
Omfo;’;mo“ H | ASTM D5291 13.21 12.0 -
0,
N ASTM D5291 0.13 0.15 -
Higher Calorific KS M2057-97 B
Value (cal/g) (ASTM D240) | 108V 2,370
Viscosity KS M2014-95
(40C,cSt) (ASTM D445) 3628 3919 20-58
C KS M2016-95
Pour Point ('C) (ASTM D97) 15.0 5.0 5¢
Flash Point KS M2010-94 .
(PM,C) (ASTM D93) 74 244 B
Specific Gravity KS M2002-96 B
(15/4°C) (ASTM D1298) 08515 0.9203
Carbon residue KS M2017-96
(10%) (ASTM D524) 0.001 0.56 0.2%<
KS M2004-95
Ash (%) (ASTM D482) 0.001 0.03 0.01%<
Distillation KS M2031-95 .
(90%,C) (ASTM D86) 346.7 293 360°<
Acid Number, To KS M2004-95
~tal (mg KOH/g) | (ASTM D664) 0.01 0.72 0.40¢

S AFEARAROAE FUAA AR s s tiae] Aurlel Ao w7
Ay} ASTM D47372] A0 7P =2 Aoz Bugk v 9lar ASTM D4737¢) 2J3sk 288 o
ARAE Afe] AS 4742 71EA 45HT} E9kom, HAEH 3632 7] tha mdahs A

= 1. AN—

2
2 Uehgt) £384 A4y tAge] AErkE 40~59.0, 378 3G9 AE7E 25.1~458% 11 AR

il

=]
RuN

o
o

o
o

1. Z3(Composition)# T ZF(calorific value)

AR A Uk 7hed) Bash Faol PFS ARe) WABS A9FE Ao, ANER C 1 H
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Fig. 8. Fuel supply and nozzle spray process
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Fig. 15. Picture of the hot air heater with heat exchanger
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Fig. 16. Picture of hot air heater
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Fig. 21. Fuel supply system
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Table 6. Exhaust gas analysis value

7 A T o4 85
CcO 9.3 4 12
NOx 42 46 42

A6d 2F I 57 AT I

EREE ANSHE 257hE Adse] 109 29 59 A%EAE ANSQT. ede 1-0WE 79%
(4.620m) AEIEARA 2F W, RALE AGS], T 30 o] ABTRE ANERE Al
q

W okl Bevhs AR Wi she s7IEAM ErtE 52 WekErhE]] 2as AEsiglh 4
2127099 109 10Y 8he] &= otk 13T, % 25CE A4l #ejsigion 3 82 20104 1Y

o

1
109 532 Sk 17 455 o] F7ke] EFS A el 24 &4 W 10448 #EIH A4

ol ANEAFH7|2 e 20g4 —?@3}04 et § EAselY BEHdES A sl AR ASTIVIEAE
_]

&8 PH, EC, %ol 2, A2, §71% & A8kilh

O
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Fig. 31 Picture of soil Fig. 32. Hot air heater in greenhouse
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Table 7. Soil analysis result

T PH | () | () | (i) | ndle) | cmitg) | Ongrk) | (k) | OM®
¥ | 67 | 20008F | 350~500 | 5.0~7.0 | 1.5~25 | 0.7~0.8 |10ppmoJa}| 50~100 | 25~35
A7) | 673 | 095 583 6.06 2.92 0.51 3.79 42.20 15.1
B&7} | 6.55 1.45 1173 8.62 3.89 1.37 3.16 96.15 23.6
6.2 A2 Mg U 24 FHAXA}
20109 29 59 WeEvHES] AEIALE kel 7t Elult 1054 AAste] WIS F] The
3} pe Azs Ao,
A9} BE7te] 242 140~144cm, 7472 9.69~10.21mm, 9+ T2 107] 2 splr+=
b RS 22 e Ao Uehdor} fole s Aow BAH.

Table 8. Plant growth analysis result (A% 115¢)

=2

8~971= B&7}

T Z7(em) 7374 (mm) [N/ sh==0/) H]aL
As7} 140a 9.69a 10a 9a Aol 7}
B57} 144b 10.21a 10a 8b 109.10.10
AA W EFSHEAALE fete] 1048 A 5 ASAERS 140558 54 5 Ha13 24
&9t Ee AyE Ak
Table 9. Greenhouse environment analysis result
e BT EYEC A2 () COrs% (umol/m)
(%) (dS/m) (ppm) U5 o
A&7} 39.5 1.25 18.8 516 326 531
B-&s7} 46.1 1.38 16.0 512 335 571
EPSR, AEE, FEE B R wtou Aew CosEE ATt oRE B ek
T ok Aol 2357} wE Ade Aow waEin
6.3 hataAol w2 Fg oA S 3 2
SR FL AL S 7wl A 1508 Bajstel BEsiglon BREEAS 98l 2H717)e
FEA(ATAGO), H3HA|(Colar, J$555)% AH&319it). 1 whalsel 2 FDS wHl ¥ 99} o] A7k
T 2.15kg, FEE 5.71°Brixo]lal BE7hs F9 2.25kg, FEE 5.95°Brix2A BE77F ot 4% A
A
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6.4 turdbAlol 2 & £5H2K9CH XHbY)
Ot Af Al Al wE 102 FEES e

¥)8
AR ABTRE 5.992kgS FHTPOR dge] mE S8

Table 10. Quantity and quality comparison of fruit

T 2 = Z
T A | A =
=gk 7] 2= o -
T R Y S A A C- N B B b
As7} 227a 2.15a 96 571a | 30.2a | 7.96a 10.3a
B&7f 231b 2.25a 100 5.95a 27.1b | 8.80a 11.9a

AHESE BE7kE 6,285kg, A7+ AH-2EE
&

o 2EAfol7k glont felgel gl A

o & eyt
Table 11. Total amounts of harvest
T % T ke/10a) bl (3 €1/10a) A5
A7} 5,992 24,000 9%
B} 6,285 25,000 100
6.6 23t & NFE
ATl diTlelA HAERFE ARE o|&dt] 9t AsAA LRI A8 TE AAE A
sto] &3 WvIE AR wHfet T 2 4GS AR A8 &% HivE H8AE 3 A9E 8
okshd th 2tk
7h 2 oA A Fa8Re ARM0T)E 39.2 cStollen, SR AY 2FH2 196.5T, 108>
308.47C, 50%412 310.27C, 90%412 293.1TCoIAv #HA4E-o] FaFo]l S7Hgl E¢re] H=e
7.9 cStell A 17.6 St= F7}Fakd ek
uh w4 8Fe] AR 39,041 kJ/kgoll o et RAR 41,291~43,291 kJ/kgo. =, A&
o] o] oW MAFS Hasile 23T A A WWidFge dagol Bart H
A 8-HET Tha 2 velsor ddske] 20%7F E4EE Aoz YEl
oh ASAHEE e e Y STkl whel AuanlEE S skl tAlRe] A-g-ol
H3)] HAEfrell Ao dAmaugo] A el on, QAR 6% FA YEwTh w770 2
T 289 A9 gAfe A4S vste] 6~8C @A Uehton, oS #48-fo Wkl
we fdele g ke
gh Aot T, 28RS vue ggda 21

Z EEraEe] 2.35 Mpaola] #Hie] 45 d=
7he2=7E 80T SRESTE S4%HNen #H4E#+ CO7t 13.1%, CO7F 13 ppm, Hi7]25%=7F
270CHS1, &713H7E 122 yEbst
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H5% HASSS 2TFLYI| JHul FHE 24

AlA A &

1.1, 79| ey

o AN FalE AFsst 24 AsH s ARgste] Ak R shERE A 49 ALk
Ho| A AA|sh=s ] ] v]Fo] 40%E =L Sl

o] AW AL 1980 o] F A G tEe] HASHA FoiE o 20001 o] F2E WA
o] Foi7t AA gty SAWAS 19801 7,141ha, 1990\ 23,698ha, 200011 48,853ha, 20071
49,828ha, 2008l 53,053ha®A 20007HA1= A& o7 Z7tg § F7) &7t E3hEo] guhGE ).

Table 12. HEH AlMSlofeix o slem @9l ha
ki 7heH A 7he-H A
H] 9
514 Ax | AN | s Az | AB | ®/A %)
1980 . . 7.141
1990 23,698

2000 3,336 48,853 52,189 1,446 10,952 12,398 23.8
2001 3,386 48,749 52,135 2,709 10,001 12,710 24.4
2002 3,338 48,535 51,873 2,708 10,242 12,950 25.0
2003 3,560 48,589 52,149 2,468 10,134 12,602 24.2
2004 3,397 47,840 51,237 2,718 9,652 12,370 24.1
2005 3,448 48,574 52,022 2,758 9,973 12,731 24.5
2006 3,448 48,680 52,128 2,586 9,951 12,537 24.1
2007 3,208 49,828 53,036 2,566 10,396 12,962 24.4
2008 3,063 49,990 53,053 2,450 10,631 13,081 24.7

Zbg ol A4, 2009, TllUAEZ 7 AT R B, sEIEH dedTa AddaAnFA.

ool

Alddo] ALk FolE BHH 19699 17RFES Aaketd Zlo] 1990Well+= 1009HEs AAkakelaL, 1995
2429 2,000, 20000 325%F 3,000 A Euiek o|F A F7F FAle ot AAlE Aol
LD Ao AabEe 1969 o]3 Hxpdom Z7kstgdar, 1990d] o3 F23F ZulrSe] Zv)e)
Hio] FEaH F7kekgl e, 20001 o] Fol= o33 F7kAI7F E3kE Al Qe FAlolth

A Eoke] 2008 AHEH s A 72135999, T 29,9849, 3H3) 9,043 o A

S AARle] 60% FEoln, 1A ALl Ae 322750902 AR 40% FEolthE 13)

Roke] FAAFAle 20059 o) F AAH L QY AAelmE AR el AU vite] Ay
P B9 504 FUE 1@ o] Fasi,

1) oA, 2009, TellUA1dz 7% 2 2 Wiy, $E0EH deldra Al ddqA 834,



Table 13. A0l ZopE ML 0] w9l 109

o

2000 2001 2002 2003 2004 2005 2006 2007 2008

A A 6,738.5| 7,209.1| 6,769.4| 7,618.9| 7,669.3| 6,918.6| 7,353.4| 7,483.0| 7,213.5
LS 2,580.5| 2,076.7| 2,582.7| 2,348.5| 2,941.6| 3,081.7| 2,970.6| 2,822.3| 2,998.4
sh3lw 663.4| 590.3| 784.4| 8055 9172 9949| 941.1| 9237 904.3

A E AR, BAAR, 5985 20002008

A e E7HE 20059 FHFRAR] 9ahd 121,4067Fdtk A E7ke] ZHES ATt 75.0%
24 7P wan, o g 3 12.1%, 5825 7.3%, 35 5.7%9] o2 AT tHE 14).

Table 14. AlM™20f =7+ 4(2005) 1 N
W S84 A & 3} 3 %l
7 14,671 8,824 91,015 6,896 121,406
T 12.1 1.3 75.0 5.7 100.0

Ag: SAA, 2005, FEHETE2A.

oA kR Ede W] BedSE 19959 42,1531‘41@1%1 W&l S7kete] 2008 dell=
AR oF 1,2009)¢) R3]

?—;% Ao HOM LPHWPJ A 5 A AL A%FL}_-% Z}%é}ﬂd 04 129djel] o5 Zo & FTE il

k.

2008 FHre] Al QeHE 53053ha 71e-H| S e WE AL 13081hazA] A A Aw A<

]_
°F 25% FEolv(GE 12). A A Zbed 7S o8k WAE2 0% ol Aow FAHL

s

s

AASe] A EE hgE] BAE AAARS el FFE T duAdes gAT 5 9
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Table 15. AlMRul chbedi2 R&E TAH|(2008) el %
& = 7} 2 AR w5 7] e} Al

A = 80.5 11.

3
A5t oA, 2009, FIGAAT /1% AT A Wiy, 5EAEH Qeldra AN A7,

A
Table 16. A|AIXHuY hababAl SLAMH](2008) el %
o = & F 7] Gl
A = 87.0 7.4 5.5 100.0

A5 oA, 2000, Pl A AR 7% AR B i, sEAE Aeldra AR,

AAEdo] AA FhoNA xFAEHE A BEo] 1990\l 27.5%°]1H o] 20050+ 31.5%% 57}
sk FAlolth 53] AT dHAT s7FASS AR 5th S 29 ha'® A5 5.5WWH/ha
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dsol e Aol s B GE 193 2k A5 S Bi giF77t 3071 R 7
F Ega ggo® FH 14HE, 2ulf 58HE, 2EY 503ES] o= el 358 t5F7F AA
2185 ALY 55%2 2FA|EkaL Qo

Table 19. ME E5H A2] ML2K2003)
A E) A (%)

715 (1) 307 55
STT7 ) (Sl 58 10
ANEFr () 12 2
ST H 4 1
aF 114 20
4HEY 50 9
7] € 10 2

| 555 100

e hreelel $47, AEAEIA 5 oRA et R TR,
321 7R A8 AHEF F4
A% 9100079 AT ela fel AAe Aoz @ AT
ARgEES 3134, A7F 2 AlgEEe

A

36271¢) AP %

& &2 37510 e, g A 092, AFET 1042 2 ZAEJTHE
20). AR5 22007 AFelA= 362719 F 715 = 1,387 WO e Hars 2l 3.83 <
o2 M wEbA 9 F AR Ve A7 AR 3751200182, 1919 At AlERR 2714/
Wg FHEh

Table 20. 7F82| 7t AR AFEZH2003)
R S A}-%%k@/%, 1-7}% %-A}%%k@/%, -17}%0 g it
FH & == FH & 3 o (L)
15 °]3} 230 0.1 0.9 23 207 115
15-2% 116 0.9 1.8 104.4 208.8 156.6
25-3% 10 1.8 2.7 18 27 22.5
35-4% 6 2.7 3.6 16.2 21.6 18.9
g A 362 - - 161.6 464.4 313
Az A% 9], 2007, THAE5e] Sguoly, FhEle g R (5
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Table 24, YUFSAIE o7t BR A8 ALBE £8(2003) Bl 1 Ao/
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HARA] 3,169 52 790 6,276 1,943 839 13,069
oA 2,826 184 878 5,689 1,244 607 11,428
A 1,761 194 253 3,243 1,383 811 7,645
FA 1,242 113 135 2,106 742 765 5,103
oA 1,725 80 330 2,239 1,016 511 5,901
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| 2,468 185 612 3,567 1,148 611 8,591
T = 1,881 139 494 2,540 1,480 617 7,151
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ZI =1 2,322 49 337 2,793 987 523 7,011
% 3,884 154 880 5,605 1,993 830 13,346
Ao 4,450 100 1,355 5,038 1,912 639 13,494
Al F 914 94 317 713 119 31 2,188
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717k,
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Table 33. "H|4| 2EHE A Sotan) w49l L %
TR AupE A g | Be) A | COsE S| 7eEd v 11
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Table 35. ‘HAI27 2ZCHHD|” M =27 A A GORE)
L

= | PE @) o
27 7 1) 5,541,155
Az | 7 A =] 26,598
2 A 5,567,753 61.5
2) A 1B 1,148,565
]| R ) 218,227
2 A 1,366,792 15.1
252 97,916
A 46,739
AT =tt) 21,289
At 345,687
Al 3ha 3t 25,519
A v | dxate 20,942
w8 17,198
Skl 31,205
1] 34,465
7)e} A ) 234,041
| 875,001 9.7
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Table 36. Z7tetZAl &HE 7| EAIR & MHENY
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