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POTE TIAL OF VEGETABLE or LS AS A DOMESTIC JIEATI G FU8L 

by 

A.C.S. Hayden*, C.E. Palmer** and E. Begin*** 

Abstract 

The dependence on imported 011 for dom~stic heating hos 
led to the examination of other potcntiai fu l substitutes . 
One potential fuel is some form of vegetable oil, which coula 
he a yca riy-renewabie fuel. In Weste rn Canada, canoia has 
become a major oilseed crop; in Eastern Canada, sunflowers 
increasingiy are becoming a source fo r a simiiar oil; for 
this reason, the Canaèian Combustion Research Laboratory 
(CC L) has chosen these oils for experimentation. 

Trials have been conducted in a conventional warm air oil 
furnace, fitted with a flame retention head burner. 
Performance has been measured with pure vegetable oils as 
veli as~ series of blends with conventional o.2 oil. The 
effects of increased fuel pressure a nd fuel preheating are 
estab1ished. Emissions of carbon mo noxide, nitrogen oxides, 
unburned hydrocarbons and part icui ates are given for bath 
steady state and cyclic operation. 

Canola oil cannot be fired in cyc1ic operation above 
50:50 b1ends with , o.2 oil. At any ievel above a 10% b1end , 
canola is difficult to burn, even with significant increased 
pressure and temperature. 

Sunflower oil is much easier to burn and can be fired as 
a ~ure fuel, b ut with hig h emissions of incomplete combustion 
products. An optimum blen~ of 50:50 sunflower in o., oil 
yields emissions and performance similar to No .2 oil. This 
b1end offers potential as a means of reducing demand of 
irnported crude oil for dornestic heating systems. 

*Research Scientist, **Research Engineer and ***COOP Student , 
Canadian Combustion Research Laboratory, ERL, CANMET, Energy , 
Mines & Resources Canada , Ottawa , Canada KlA OGl. 
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Ir troôuclion 

Reccntiy t he re has been interest in the re21acement of 
No . 2 oi1 as a domestic hea ti ng fuel. I n ra rti ular , Canada 
has enba r ked on a major Off - Oil p rogram , ca1ied the Canadian 
Oii Substitut ion Frogram (C OSP ) , desione0 to d r amat i ca lly 
reduce the de111anè for c rude oii in this country over the next 
decade . I n th e area of domestic heating , his prog r am 
concentra t es on the r eplace rn en t o f o i i \v i t h na tu r a l g as , 
propane or wood, a long with electricity in those a reas of the 
country where it is not gene r ated hy the comb ustion of oil . 

0 f 1ong term intercst to this rrogr~m is the potcntiAl 
u s . o f o t li e r f u e i s , s u c h a ~ m e t Il a n o l , r1 s r1 c s c r i b e è i n 
neference 1 . Liquid fue1s de ri ve~ fro~ biomass , su c h as 
vegetabie oi1s, are another possibiiity . Thcse offer the 
aiiure of r enewable ene r gy . l\s we 1l, being liquins having <1 

high erergy dens i ty , they can be easily transpo r ted and 
stored . If they c~n be used in con vcntional eguipme nt with 
iittie or no nodif icati ons , a further econon i c benef it is 
obvious . 

The r e has been some research c a rried out with reg ard to 
the ease of su bs titution of vegetable oils in d i esel engine s , 
the other ~ain use for middle distil12te fuels , as descrihed 
in References 2 , 3 and 4 . The autllors a r e unaw2re of sirni1ar 
activ ity in s tation a ry sou rc e combustion . 

The two vegetable oils studied in th is paper are cano l a 
oii and sunflower oil . In Canada, canoia is grown 
extens iv eiy in the Prairie Provinces, with 4 to P ~iliion 
acres under cultivat ion , èepending on he na r kct . I t i s 
Canada's t h ird rnost i mpo rtant cro , and yiel~s more than 501 
of Canadian vege t ab1e oi1 ut i 1ization . Sunflo~ers have only 
one-tenth th e acreage of c anoi a in Canada at this tim e , but 
it is a r ap idiy increas ing cro p , ,1eil suited t o Ca nadian 
climatic conditions . 

The Canadian Combustion Research Lahoratory (CCRL) has 
been involved in a major program to reduce oil consumption in 
home heating in Canada , pr i na ril y by i mrroving efficiency 
with the installation of r et rofit eguipment s uc h as burner 
f1ame retention heads and re duced firing rates , as described 
in Reference 5 . 

This paper p r esents pe rform ance da t a for the combustion 
of the two pure vegetable oils a nd of b1ends with o . 2 oil, 
fired i n a conv ent i onal o i l furnace fitted with a flame 
retention head burner . 
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Fue1 ?rorertics 

A compRrison of the propert ies of cano1a oi1, sunf1ower 
oil and ~o . 2 oil are presented in Tvble I. 

While the two vegetab1e oils have similar rroperties , 
tr1 ey are quite d iffercnt fror.i · 1o . 2 oil. Thcir sr-0cific 
gravities are 2.bout 1(1% greater than for, o . 7 , yet because of 
their re1atively hjgh oxyg~n contents , their h0ating values 
are about H l% iess. The ma jor diffcrence is in the 
viscosities, whi .h is ner1rly ~ tinr-s hi<Jh0r th:,n for 10 . 7 
oi1. 

In "-xamining tLc t\,o vcget,1ble 011s, thcir convcn ional 
fu 1 propertiPS s.::er ,,1ery :;ir.i1, r. T 0 on1y !"1ajor c•ifferencP 
is in their f1tty ë·cid co:nrosition . Cc:::no1c1 oil has three 
tiMes is muc1 oleic acid than 1inolenic , while the reverse is 
true for sunflo•.,er oil. Tl~is rc1ative relations'1ip of fatty 
acids inrlic ates tllëlt sunf10·.,'"r 0i1 1-ias c1 significAntly higher 
ins c i1ity, which is dercn~cnt on the de ree of unsa uration 
{ Reference G). 

Un1ike some other potentia1 ~lternate l i qu i d fuels, 
vegetab1e oi1s ùre miscible ,..-it!1 1o . 2 oil at any temperature 
and at any ratio, with the pro~e rties of the resultant blend 
1ying hetween those of each îure suhstance , although net 
necessarily in a linear ratio. 

Experimental Proce~ure 

Resu1ts presented in this 1 :ire r are haser on laborato ry 
triais conructe,j at CCRL. The trials \;ere c2rrieo out in ;:i 

conventiona1 warm air oil furnace with concentric tube heat 
exchanger , using a high pressure gun-type burner And firing 
into a cerarnic fibre corcl ustior chanher . Ir>iti al 1y, é1 nozzlc 
with a seni-soliJ spray ~as used , but a hollow core nozzle 
was found to Jive consistcnt1y superior resu1ts . Sirnilarly , 
initiai experi~ents were attemr✓ ted using a cast iron 
combustion head , but this gave unsatisfactory rerformance due 
to poor air fuel nixirg. For a1l subsequent experimer.ts , 
oniy flaMe r etenton ~eads werr userl. Tests reporte~ he r ein 
2i1 used a Fl2Mc retention ~eë~ and a ~ollow core nozzle . As 
the amount of vcgetab1e oi1 in the blend increased, a larger 
f1ame retention hea~ {i.e . one with greater seconda r y a ir 
open ing) was required to give satisfacory performance. 

All flue gas properties were measured wit h continuous 
anai yzers, as follows: carhon rioxide and carbon monoxi~e 
with non - dispersive infrared; oxygen with pa r arnagnetic ; 
nitro1en oxides with cheMi1umi DScence ; hyd roc a r bons with a 
fiarne ionization detector and smoke with a cont inuous opacity 
mete r cal ibr ated for particulatc loadin1 . ~ 8?cha r ach smoke 
teste r was also used to give steady sta t e smoke numhers. 
Flue gas tempcratures were measured with Crrl thermocouples . 
Fue1 flow was fe tcrnine rl using a balance 2nrl 2 stopwatch . 
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Y~asure□ents were made for hoth steady state ,nf for th e 
transient start-up, shut-down condition , using a data lo gg ing 
system and magnet ic tape . 

To overcome the high viscosity of the vcgetable oils , the 
fuel was preheated using heat ing tape on the l i ne and an 
in-line preheater located immediately hefore the nozzle. 
Fuel temnerature was varie d ta determ i nc optiwum performance 
for each b1end . The effec ts of varying fuel p r essu r e on 
performance were also examined . 

Tria 1s were carried out firing bath vegctable oils as 
" ne a t " f u e l s a n d a s a s e r i es o f b l end s \-/ i th con v en t i o na l t>1 o • ::> 

oil. f-pecific hlends run were 75/7.5 , 50/50 , 25/75 c1nd 10/90 
vcgetable o il/No . 7. oil , respectively, for bath the canola and 
sunflower oils . 

Exferimenta l Results 

Canola Oil 

With canola oil , it was impossible to obtain cold start 
ignition of the fuel at blends g reater t han SC : 50 . Howeve r, 
if ignition could be achieved artificially , continuous 
running was poss i ble a t 75 : 25 blends with No . 2 oi1 . Unde r 
normal ope rational settings, with pump pressu r R at 100 psig 
and no fuel p reh eat ing , performance was poor with high 
emissions . 

F i g u r e 1 s' 10 w s th e e f f e c t o f i n c r e a s i n g pu rn r, r~- r e s s u r e o n 
the opacity , a measu r e wh ich was calibrate c-1 to 1 <1 rticul o t e 
looding, for a blend of ï5 % canola oil, 25% "-1o . 011 . 
Increas ing pump p r e ssure gave a linear decrease in the 
opacity reading. As a point of re~er ence_ ~0% opc1city a t 10% 
co 2 and a stack t emperature of 275 C corresponds to a 
pc1rticulate ioading of 7.3 mg/kg of fuel hurned . 

Tab1e II shows the effect of v arying fuel pressure upon 
steady sta te pe rform ance for a 50:50 h l end. In this set gf 
exper irnents , the fuel temperatur e was held constant at 22 C 
and the p r e ssure varied from 80 psig t o 150 rsig , i n 10 ps i g 
intervals . There is a de finit e optimum at 120 psig , at Test 
CP5 . At this point , the exc es s a ir, flue gas t emperature and 
pa r ticulate loadings are lowest, wit h the efficiency at a 
maximum . A similar characteristic was observed fo r a ll 
b1ends wi t h bath vegetable oils. 

Chan0 ing fuel temper a tur e has a s i gn i ficant effect on 
viscosity, an important factor be c ause of the high v iscosity 
of the vegetable oils. In general, increased viscosity 
yields an increased flow for high pressure hurners . This 
effect is shown in Figure 2 . With oil temperature varied 
fro m 22 C to 94 C, heat in p ut t o the bu r ner decreased 
linearly from 14P kE tu/hr ta 114 kEtu/hr . 
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Table I II p r esen ts steady state and cyc11c ~ata for 
b1ends of cano1a fro m 50% to as low as 1C % re1 at ivc to o . ) 
oi 1, a ll at a number one Bachar?ch smoke nur .. be r a t steacly. 
state . To obtain stable pe rform ance a t the S0 : 50 blend , pump 
pressu re was increased to 1rn psig and t he o il heated to 
P5°C . Ho l ding th e fuel supply parameters constant and 
decreas ing the amount of canola in the blend to 25% showed a 
72% reduction in carbon monoxide emiss i ons at s t eady state , 
while the cycl i c emiss i ons of CO and hyd r ocarbons were 
halved . Keeping the same fuel blend , but r emoving the e [f e ct 
of fuel preheat gave a majo r incre~s e in the cyclic Pnissions 
of ur,l:)urneè hyrl r ocarbons and l,a rticul ates , \,hile :-aking t'îe 
fuel somewhat d if ficult to ignite . At Jr~ canol2 , i~nit i on 
\·I 2 s a ch i e v e J w i th no r r e s s u r e i n c r e a se no r f u e l p r eh c ~ t ; ë' 11 
cnissions , with the exc ept ion of pa rti culates d ue to cycling , 
were at th e same level as for No . 2 oil . 

Sunflower Oil 

~itl sunf lower o il , perfo rmanc e was mar ked ly bette r than 
for cano1a . Satisfactory i gni tion and a nu~ber one snoke was 
ach i eved even with the pure vegetable oil . 

Table I V presents steady st a te and cyclic data for 
sunflowe r: ~o . 2 oi1 blends , ran g ing from pure sunflower 01 1 to 
pure No . 2 oil . For the blends, fuel pressure and temperature 
set to achi e ve best pe rform an ce. Blends fro m 75:2 5 and ~elow 
sGow no s ignificant difference in performance , either rel a ted 
to 0 ffic iency o r emissions . At 25% sunflower oil , good 
?crforraance r esults with fuel p r essure only sl i ghtly ahove 
nor~al , a t 120 psig , but wi th an o i l temperature of PJ°C . 
Only at 10 % sunflowe r oi l can the nor~al fu el ope ratin g 
par~~ete r s of 1er Jsig and amb i en t tenperatur e be us ed . 

In pa rticul a r , the 50 :50 ble nd of sunflo we r i n No . 2 o il 
gave ver y good performa nce , a t an oil pressure of 17° ps ig 
and a fuel temperature of n9°c . Emissions of car bon rronoxide 
were bclow thos e of No . 2 o il , while hydrocarbons , steady 
s t ate pa rticulates and NOX levels were similar . Only the 
transient cyclic particulate emiss io ns were incr e2sed with 
t h is sunflowe r blend . 

In a ll cases , sunflowe r 011 blends requir ed l ess fue l 
preheat or pressure augmentat i on while ignition q ua lity was 
always superior , when compared to can o l a oil . 
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On-Goin1 Rcscarch 

Experirnents 1re continuinJ witll other ve0etable oils to 
confirm if the fatty acid make-up of the 011 i s the ~om inant , 
or at least the prime indicative factor , o[ its suit2ti lit y 
for combustion in dorncst ic oil burners . 

Long term cyc1ing tests with 5f' : 5C' b len ds of sunflo\/e r 
011 are underway to dete r min e if po t en ti a l failure due to 
nozzle coking cou.id he a proh1em in the fiel d . 

Conc 1 usions 

1. Only hiCJh pr ssurP cJun - typ,_;, hurners cqu i ppeci •;1 i tl. flanc 
r etention heads hav i ng in cre.::isec1 scconrlary ai r open ings 
anrl fitted with l.0110·,; core nozzles are suitahle for 
firing v <Jetable oi1 h1en~s . 

7 . Ten percent b1cn~s of canal, oi 1 or sunflower oil c an he 
~urned in cornestic oi1 ~urnaces , with no change to th e 
fuel hand1ing system fror, conven tional practice. 

3 . Sun[lower oil and its blends wit h No .2 oil are Much ra re 
suitable a1ternate fuc1s for donestic reating systens 
t h2n canola oi1 . For tlPnds above 25% sunflower oil , 
fue1 in-lin e p r e,1eaters should be inst 01led ancl fue1 
p r essu r e increas 0 d. 

~ - Pure canola oil cannot hc fi r cd in conventional fomest ic 
oi1 he2ting e<1 uipr1°nl at t Lis tirne , due to poor ignition 
characteristics. B1e~fs of ~n :~ O or l e ss of cano12 in 
No . 2 oil c2n be consi~Prrrl with significant fuel l in e 
preheat and increasef nozz1e p r essu re . 

5 . TJ-.cre is an optirrnm fuel oper~t in9 p res s ur e for eëlch 
blend . This O[,timurn inc r cases with inc r eased v cge t nb 1 e 
oi1 rontent and is higLer for cAnol2 th an for sunflower 
Oil . 

6 . Long t e rm cyc1ing trials sho ul d be carrieô out to 
de terr, ine if nozz1e coking wi th sunflo\;er o'l migl-it be a 
p ro b1er1 in fiel 1 operùtion . 

, . 1,.0 r k shou l d continue on vege table o 11 cha r ac ter i s tics arid 
performance to provide a n index of rotential combustion 
suitability . 

8 . Veg e ta b1 e oils such 2s sunflowe r rnay have a place as a 
ren ewab le liquid heating fuel in the fu ure , particularly 
as a 50 : 50 b l enf wit h No . ? oi l , as conventional fuel 
costs increase and availùh ility dec r enses , provièed i t is 
not at the rxpense of food supp iy . 
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Ta ble I. Fuel Propert1es . 

Canola Sunflower No . 2 

Ultimate Analysis, kg/kg 
Carbon . 778 . 776 • 8 75 
Hydrogen • 1 L 9 . 109 . l 2 1 
Oxygen • l (' 3 . 115 
Sulphur • Cl O 3 

Higher He t·ng Value, Btu/lb 1742 4 16 782 l 9 2 76 

Specific Gravity 0 . 91 7 0.924 0. 861 

Flash Point, oc 213 22 7 50 

Viscosity at 40°C, est 35.0 33 . 7 2 

Fatty Acid Composition 
16:0 Palmitic 4 6 
1 d: 0 Stearic 2 5 
18: 1 O1 - ic 60 18 
18: 2 Linoleic 20 64 
18: 3 Linolinic 10 l 



Table II. Effect of oil pressure on steady state performance of 50:50 blend 
of canola in No.2 oil. 

Test No. CPl CP2 CP3 CP4 CPS CP6 

Heat Input, k8tu/hr 12 7 137 143 146 149 159 

Flue Gas Comp., 1 by v. 
co 2 

6.6 7. O 6.9 7. 2 8.0 6 .6 
0 12.5 12.3 12.3 12.0 10.5 12.5 
Eicess Air 130 11 7 120 112 91 130 

0 Flue Gas Temp., C 342 353 353 355 340 35 3 

Emissions, g/kg fu el 
CO 2.19 1.72 2.09 2.34 2.11 1. 82 
HC .1 7 .13 .10 .06 .04 
Particulates 1.00 • 50 • 36 .15 • l 3 .16 
NOX 1.28 1. 41 1. 61 1.61 1. 75 1.94 

Steady State (ss) Ef f ic., % 69 70 70 71 74 68 

Oil Temperat ure, 0 c 22 22 22 22 22 22 

Oil Pressure, psig 80 90 100 110 120 J 30 

CP 7 

161 

6.5 
12. 7 
134 

361 

1. 85 

. 16 
2.16 

68 

22 

140 

CP8 

141 

5.6 
14.2 
1 70 

330 

3.44 

.36 
2.65 

6 7 

22 

150 

,, 

'-0 

Cl) 

t 

'° ,_.. 



Table III. Performance of optimized canola blends for steady st at e and Ci'c ]ing operation. 

Test No. Cl C2 C3 C4 es 

Heat Input, kBtu/hr 82 76 88 G2 64 

Ratio Canola:No.2 50/5 0 25/ 75 25/ 7S 10/90 0/100 

F 1 ue Gas Camp., 1 by v. 
co 2 

l 0 . 5 11. 4 12. 8 8. 9 11. 9 
0 9.6 8.4 7. 4 l O. 7 7. 8 
E~cess Air 47 33 33 4 1 26 

0 Flue Gas Temp., C 2 89 251 26 8 213 216 

Emissions 
CO ss, g/kg • 749 .2 08 .0 52 . 091 .215 

cyclic, g/cycl e l. 38 • 74 9 • 729 . 5 79 . 7 77 
HC ss, g/kg - - • 05 7 - .125 

cyclic, g/cycle • 336 • 182 • 89 6 . 0 82 • 156 1-' 
0 

Partlculates SS, g/kg • 0 83 • 0 79 • 0 73 . 06 7 .072 
cycl ic, g/cycle .52 5.6 81. 8 39. 4 4.6 

NOX ss, g/kg 1.18 .92 1. 44 2. 20 l. 41 

Steady State (SS) Effic., % 81. 0 83 . 0 84. 0 84. 0 85. 0 

Oil Pressure, psig 180 l 80 1 80 100 100 

Oil Temperature, 0 c 85 88 22 22 22 cr; 
, -
::, 



Table IV. Perfo r man ce o f opt i mi zed sunflowe r blends for steady state ùnd cycl ing ope r ation. 

Test No. SFl SF2 SF3 SF4 SF5 SF6 

Ratio Sunflower:No.2 100 /0 75/25 50/50 25/ 75 10 /90 0/100 

Heat Input, kBtu/hr 114 131 99 76 77 76 

Flue Gas Comp., % by v. 
co 2 

10 . 2 12 . 5 14 . 1 1 t'. 8 11. 5 11. l 
0 10 . 0 7. 3 5 . 5 9 . 1 e. 4 P. P 
E~c e ss Air 56 28 11 4 1 32 35 

Flue Gas Temp . , oc 341 321 2 pp ;:>SS 2 71 2 5:, 

Emis s ions 
CO ss, g/ kg . 22 7 .052 .015 . 346 . 093 . 230 

cyclic, g/c yc le 2.022 . 2 78 • 0 81 . 99 7 . S43 • 4 5 7 
HC SS, g/kg • 02 8 . 0 79 . 051 • 021 

1-' - - 1-' 

cyclic, g/cyc l e .154 . 151 . 132 . 3 79 • 2 21 . 041 
Par t iculates SS, g/k g . 09 6 . 0 78 . 06 7 . 0 83 . 0 83 . 0 8'1 

cyc lic , g/cycle 6 . 65 4 . 02 6 . 86 G. 01 3 . 20 1. 77 
NOX ss, g/ kg l. 1 7 1. 18 1. 33 1. 62 1. 41 1. 4 3 

Steady State ( ss) Eff i c ., % 77. 0 81. 0 84. 0 83 . 1 82 . 0 Pl . O 

0 i 1 Pressure, psi g 190 190 1 70 120 100 100 

Oil Temperature, oc 83 75 69 83 22 22 
r ~ 

1 
t-' 
•C 

":'-r-.7" _;s.aa , , ..... 
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Figure 1. Variation in opacity with fuel pressure, 

for 75:25 blend of canola in No.2 oil. 
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Figure 2. Variation in heat input rate wi th fue l tempcrature , 

for 50 : 50 blend of canola in ~o .2 oil . 
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