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A Study on the Emission Characteristics for Blended Power Bio-Fuel Oil
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Abstract >> As our government is actively introducing the RPS (Renewable Portfolio Standards) as a national
renewable energy obligation policy, power producers are using the various renewable energy to meet the RPS
supply quota since 2012. Recently, it is appling to use power bio-fuel oil in bio-fuel o0il demonstration project
with power companies. In general, power bio-fuel oils are composed of mixture products of vegetable oil, animal
fat, fatty acid ester and waste oil. It is already developing for a power plant as a renewable energy abroad. In
Korea, it is studying a 100% combustion and blended combustion of heavy fuel oil and bio-fuel oil. In this study,
we investigated fuel characteristics of mixed power bio-fuel oil and its emission performance. Especially, it was
reduced emissions of bio-oil in industrial boilers due to bio-fuel properties as compare with fuel oil.
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Table 1 The raw materials of bio fuel oil

* Crude Palm Oil(CPO)

* Refined Bleach Deodorized Palm
QOil(RBDPO)

* Palm Fatty Acid Distillate(PFAD)

* Refined Bleach Deodorized Stearin
(Palm Stearin)

* Palm Acid Oil(PAO)

* Biodiesel(BD100)
* Biodiesel Pitch(BD Pitch)

Palm Oil based

Biodiesel based

* Tallow

Animal oil based |, Lard
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Table 2 Main materials of test sample

Fuel oil B-C(sulfur 0.3%)
* Palm 0il(40~45%)
N . ¢ Animal 0il(15~20%)
Power bio-fuel oil |, b0 batty Acid(20-25%)
* Biodiesel pitch(15~20%)
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Table 3 The Quality standard and test method of power bio-fuel oil

Property Limit Test method
Flash point (°C) min. 70 KS M ISO 2592
Viscosity (40°C, mm?/s) 20 ~ 100 KS M ISO 3104
Carbon residue (wt.%) max. 10 KS M ISO 10370
Sulfur (wt.%) max. 0.1 KS M ISO 8754
Ash (wt.%) max. 0.10 KS M ISO 6245
Copper strip corrosion (50°C, 3h) max. 1b KS M ISO 2160
Pour point (°C) max. 27.5 KS M 2016
Density (15°C, kg/m3) max. 991 KS M 2002
Water (wt.%) max. 0.20 KS M 0010
Acid number (mg KOH/g) max. 25 KS M ISO 6618
Na max. 70 AAS
A”(‘;g/l‘:;tal Ca max. 30 AAS
K max. 70 AAS
Iodine number (g/100g) max. 120 EN 14111
Nitrogen (wt.%) max. 0.3 KS M 2112
Vanadium(V) (mg/kg) max. 50 ICP
Gross heating value (kcal/kg) min. 9,000 KS M 2057
Water and sediment (vol.%) max. 0.5 KS M ISO 9030
Si + Al + Fe (mg/kg) max. 200 ICP
Phosphorus(P) (mg/kg) max. 100 ICp

7](Therm0,lﬁj 9,1 FLASHZO()O)—% o]_g.s]_oq _%_7].§ A= Table 4 Specifications of test boiler
Al 8]—93\1:]—3'5), Item Unit | Specification(Type)
Boiler Type - |Horizontal Cylinder
Combustion Gas Flow - 3 Pass Type
2.2 -u°‘17|-g- = Draft System - Forced Draft
Burner Type - Rotary Type
%7]—% EOE]E—]% A]Z}%} _/’:%_7] %—Agaoko] 3= Forced Draft Fan - Turbo Fan Type
FEATA] BRAHEZHIREAHAL HNP 7055 AR Capacity (Steam Generation) | kg/h 3,000
5101 Table 49 Hela] A2S Yehyglch 2ol Heat Transfer Area m’ 54.5
319,] H—]L-]‘—‘:- L EEM A Hiq(iglod‘%‘ﬁﬂj\h Maximum Steam Pressure kg/em® 10
RBS. S)EA-] asko o 500><1() kca]/hO]l:]- Oil Consumption (Heavy Qil, B-C)| kg/h 25 ~ 250
: © o Boiler Drum Full Capacity kg 6,420
2 A= T 2 =3 Hlo|eF /7 HY Y Force Draft Fan Capacity m3/h 60
oA d4E u vjEEE Hl&71AY = HIE Boiler Weight kg 9,600
AR a7 B4 AP o) e EE A Stack Dlameter m o
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Table 5 Amount of steam generation per hour and actual load

Consumopition(L/h) Genersatgzlrikg/h) Actual Load(%)
B-C 129.4 1.500 50.0
B(il‘;)(%“ 135.8 1.560 52.0
B(;%(%“ 135.7 1509 50.3
B(is‘i)(;o))ﬂ 138.7 1.509 50.3
](31180%1 152.8 1.518 50.6

K Petro Boiler Graphic

Fig. 1 The monitoring screen of boiler operating

@ 487

2.4 HiE7IA J0o| HX| 5= £F

By viE7ks Fo| WA s 7SR
Holl w2 7| edF A7zl 23l S5t
ot WAE dAE7F A4 of wETks Sofl 25y
o] gl HAIU A Aeje] YAV & (Particulate
matter) 0| -2 A AT AORA WA T #
ZAE)(0°C, 760 mmHg)Q] AZ wiZ7kA 1 Sm’ =
of 323hE HZ|9 FFHme) o2 FA|HLE & Hto
Aol wiE7ks WA 22 vk A F 7)o gt
HlH O /\]ugtﬁ}odl:}_ ESE WA =2 =4S st H)
S7FA AR YA ARl o5t &4 eA}E A
aF7] Sfall 4z A AFoll $IA|eh Sl A
FIsF3Ack

HA] TS At A 353 of2kA(Whatman™,
GEA}, CAT No. 2812-259)2 AR&3}gict. H#] Z3]
& oA = 110°Cof|A 3 AIRE 52t =gt & A
7HAo] S0 Sl dAATE oA A271A] W=gt
% 0.1 mgZ7HA] FAE AaL, ofTA] Frjof goi

329, l‘.l..

- - = ol = -
%7}/\9‘] %l:l]— _é_Xé’ o 'g‘\__ o= T o
S

CleanAir® Express Method 5 Sample Train (CleanAir
A, vl g ol g3k,

WA AR 20 B3 408 Felsto] sk
2o Azo] dalAs 5818 AR AAHA W
X A2E A B WjETRAY LE, B 4
o A4 R0l PET 2% R AF AL 5
& Tl=sigon, AR A3t B e A A4
THawrE Akbet] F45F U‘ﬂﬂ]—,{lsoklnetlc sampling

rate) 5 AFESIITE SESQAlTE 1009 B9t

A26d A53 20159 10Y



488 S5t - A%

Table 6 Average isokinetic sampling rate

blending ratio of
B-C Power bio-fuel(vol%) Power

bio-fuel
10 30 50
I (%) | 100.21 99.39 100.47 | 100.68 100.43

Table 7 Average oxygen concentration in exhaust gas

Average oxygen concentration (%)

blending ratio of Power P
" bio-fuel(vol% ower
B-C (vol%) bio-fuel
10 30 50
4.63 4.47 5.01 4.82 5.34
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Table 8 The physicochemical characteristics of fuel oil and bio-fuel oil

Fuel oil blending ratio of Power bio-fuel(vol%) Power
Property (B-O) 10 30 50 bio-fuel
Flash point (°C) 134 146 160 172 218
Viscosity @40°C (mm’/s) 164.1 131.4 77.59 53.78 29.4
Carbon residue (wt.%) 5.7 5.6 4.6 33 0.3
Sulfur (wt.%) 0.27 0.25 0.19 0.14 0.03
Ash (wt.%) 0.018 0.014 0.009 0.003 0.002
Copper corrosion (50°C, 3h) la la la la la
Pour point (°C) 30 29 23 14 6
Density (15°C, kg/m®) 936.5 933.4 926.0 921.7 912.2
Water (wt.%) 0.03 0.04 0.07 0.08 0.13
Acid number (mg KOH/g) 3.18 5.38 731 13.39 22.66
Na 0 0 0 0 2
A"(‘ﬂé/gtal Ca 12 1 10 7 5
K 0 0 0 0 0
lIodine number (g/100g) 31.66 36.38 4236 47.24 63.04
Nitrogen (wt.%) 0.21 0.16 0.12 0.08 0.01
Vanadium(V) (mg/kg) 9 8 7 7 0
Gross Heating value (kcal/kg) 10,572 10,432 10,234 9,931 9,403
Net heating value (kcal/kg) 9,879 9,736 9,521 9,224 8,703
Water and sediment (vol.%) 1.4 0.1 0.1 0.1 0.1
Si + Al + Fe (mg/kg) 27 23 17 15 9
Phosphorus(P) (mg/kg) 43 41 35 33 8
C 86.10 85.19 83.09 80.70 76.09
Element contents H 1270 12.90 12.60 1227 1235
(Wt.%)
(0) 1.19 1.90 4.18 7.03 11.56
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