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Combustion of extracted Rape Seeds 

Larger uti l ization of rape oi l  for technical 
purposes increases the necessity to use 
the by-products from the o i l  pressing 
process. This by-product is extracted 
rape seed mea l ,  which has a residual o i l  
content of  2 - 3 %. Besides the uti l izati­
on as foodstuff, it is necessary to find 
other ways of using of which one is for 
energy uti l ization. We solved the combu­
stion of extracted rape seed meal. 
Essentia l  fuel characteristics were found 
out and practical  burning tests for emissi­
on determination releasing in thei r  com­
bustion were carried out. Grass ca lorific 
value of a standard sample (water con­
tent of 1 0  %, oil content of 2,6 %) is 
1 8,6 MJ/kg and calculated net calorific 
value is 1 7, 1  MJ/kg. The combustion of 
extracted rape seeds in a boi ler ARK 
1 000 with a f luid pre-combustor showed 
that it was possib le to burn extracted 
seeds without any problems. All em ission 
I imits formulated by law were fulf i l led,  
except the CO-contents in flue-gas cau­
sed by the bad technical state of the 
boiler. 

O i l program "  was started by the M in istry 
of Agriculture in the Czech Repu blic i n  

199 1 .  This program is a imed a t  uti l ization 
of rape for biofuel and biolubrica nts pro­
duction as substitutes of trad it iona l fossi l  
sources. Du r ing five years, the prod uction 
vol ume of a bout 60000 t of biod iesei per 
yea r was bu i lt up  in  the Czech Repub l ic .  
The firm M I LO Olomouc has the la rgest 
amount on the market (30000 tla ) which 
uses hot pressing of rape with add itiona l 
extraction of res idua l  o i l  with in the tech­
nology fra me. The fi na l  prod ucts a re ex­
tracted rape seeds with oil contents of 2-
3 %. Smal l  pressing u n its prod uce a rape 
cake with oil contents of 14- 1 7  %. lt is 
used as foodstuff and its sale is without 
a ny problems. 

The Czeeh Republ ic can enter the 
European U n ion and therefore it is ne­
cessary to accept s0me economical prin­
c iples with in  agriculture land use. N owa­
days, the uti l ization of agricu ltu ra l land for 
food production is decreasing. This set� 
aside land ca n be succesfu l ly used for 
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Table 1: Analysis of extracted rape seeds 
(contents in % wt) 

fuel C H N S 0 C l  

E R S  4 1 , 74 5 ,31  5,47 0,54 31 ,20 0,044 

Table 2: Fuel characteristics of extracted rape 
seeds 

Unit Sampie 

Water % wt 9,21 
Ash % wt 6,49 
Combustible substances % wt 84,30 
Volatile combustibles % wt 65,81 
Gross calorific value MJ/kg 16,87 
Net calorific value MJ/kg 15,50 
co2max % wt 19, 13 

cu ltivat ing energy and techn ica l  c rops. i n  
the future the prod uction of ra pe can 
only be used for techn ica l  pu rposes. The 
rape oi l  wi l l  be used for biodiesei produc­
tion and the extracted rape seeds for 
energy uti l ization .  i n  addit ion, there is a 
!a rge com petition between rape and soy­
bea n mea l  seeds. 

Our work was a imed at energy uti l iza­
tion of ERS (extracted rape seeds) i .e .  
their com bustion .  l t  i s  the most adva nta­
geaus way for the energy balance. The ra­
tio of energy in put to energy output was i n  
one variant of biod iesei production and 
uti l ization (without the by-prod ucts glyce­
rol ,  straw, extracted seeds) 1 : 1 . 17 ,  i n  
a nother variant of biod iesei prod uction 
and extracted seed util ization as foodstuff 
1 : 1 .78, in a th i rd varia nt of biod iesei pro­
duction seeds and of straw 1 : 3 .42 ( I FEU 
Heidelberg, G ER) .  [Methodology of ener­
gy ba lance calcu lation is d ifferent from 
a uthor to a uthor and the extent of inc lu­
d ing inputs i nto the calcu lation of the ba­
lance.)  

lt was a im of our  work to fi nd out 
whether ERS were combust ib le and to 
ca rry out practical burn ing tests and to 
measure pol l utant 

fuels:  chem ica l com position , gross ca lori­
fic va l ue  and net ca lorific va l ue ,  contents 
of volat i le combusti bles a nd contents of 
ash ( Tabfes 1 ,  2) . 

Determination of gross ca/orific value 
The ca lorimetric measurements were car­
ried out for d eterm i n ing the gross ca lorific 
va lue ,  depend ing on maisture and oi l  
contents. For this purpose, a calor imeter 
KL-5 with doub le water covering and a 
closed bom b  calor imeter fi l led with oxy­
gen were used . Various sam ples of rape 
cakes were col lected from severa l press 
un its in the Czech Republ ic us ing d iffe­
rent pressing tech nologies to a na lyse oi l  
contents. Oi l contents were d eterminated 
by either  extraction of the sa m ples. One 
extracted seed with a n  oi l  contents of 
2,6 % was wetted to d ifferent maisture 
and put to the calor imetric test. 

The net calorific va lue  was ca lcu lated 
from the measured gross ca lorific va l ue  
by su  btracting the  water eva poration heat, 
needed when burn ing extracted seeds :  

Os = 0; - 24,58 (W + 8,94 . H )  [ kJ/kg) 
Os - gross calorific va lue  [kJ/kg) 
Oi - net calorific va lue  [kJ/kg) 
W-moistu re [ %  d . b.)  
H-hyd rogen content [wt % )  

Determination o f  pollutant concentration 
The practica l burn ing test was carried out 
in the boiler Vihorlat Sn ina A R K  1000 with 
a mod ified back wa l l  for a con nected f lu id 
reactor. The tech nology equ ipment is 
made up of four operation un its: prepara­
tion and  transportation of fue l ,  a boi ler 
with a fl u id  pre-com bustor, removing of 
ash,  b lowers system and the removing of 
fly ash ( Fig. 1 ) .  Out of three operations 
there was one boiler selected marked as 
K3 with the nomina l  performance 1 160 
kW which was kept du  r ing the combusti-

concentration in  the .-----------=-Fu-:.1--------------, 
flue-gas.  contalner 

Methodology 

ERS experimenta l 
su bsta nces were 
su ppl ied by M I LO 
Olomouc. Their fuel 
characteristics a re 
the same as for other 

Roll 

Separator 

Combuslion a1r 

Fig. 1 :  Scheme of 
measuring equipment l...-----Fu_e_l f_lo_w _______________ __, 
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on on 60 % of the nominal  Ioad .  A waste 
grases output from the boi ler in their tem­
perature sensi ng point used for measure­
ment and regulation of boi ler room .  The 
measurement was carried out i n  the boi­
ler room of the farm ZOD Plostina -
Loucka (Czech Republ ic) in a utum n  
1996. There were inc inerated fuels: 
• additiv l ignitic coarse-dust ( H p4 ad 

748-coa l with decreased su lphur  con­
tents) ,  

• m ixtures of 20 % extracted rape seeds 
and 80 % of add itiv l ignitic coarse-dust, 

• mixutres of 40 % extracted rape seeds 
and 60 % of add itiv l ignitic coarse-d ust 

• extracted ra pe seeds. 

Measuring equipment 
The Flue-Gas ana lyser GA-60 was used 
as the measur ing eq u ipment. The mea­
su ring pr incip le is based on the uti l ization 
of e lectro-chemical converters. The 
eq u ipment shows concentrations of flue­
gas com ponents: oxygen ,  carbon d ioxide, 
carbon monoxide, su lphur  d ioxide,  n itro­
gen oxide, n itrogen d ioxide and hydrogen 
ch loride .  At the same time flue-gas tem­
perature and excess a i r  were sca nned . 
The time interval between the separated 
measured i m pu lses was fixed at two 
minutes. 

Ca Ieu/ations 
The measu red results a re given in three 
va riants: 
• volume concentration in ppm 
• weight concentration under normal 

cond ition (273 K; 101 ,33 kPa)  in 
mg/Nm3 

• weight concentration und er normal con­
d ition (273 K; 101 ,33 kPa) i n  mg/Nm3 

· related to given oxygen contents. 
ln the Czech Repu bl ic the emission I im its 

· for solid fuels combustion a re val id for 
converted form to oxygen contents in f lue­
gas (6 % for vol .  for coa l combustion a nd 
1 1  % vol .  for wood wastes com bustion ) .  
T h e  ERS a ren't l isted a s  a fuel i n  the law 
(Czech Act on environment protection) ,  
therefore thei r va luation was carried out 
under the em ission I im it va l id  for wood . 
The conversion of concentrations to refe­
rence oxygen contents was performed ac­
cord ing to: 

C (6 % resp. ll % 02l = c * 20•95 - (6, ll) 
20,95 - 02 

where :  
(6 % resp. 11  % 02l - concentration of 
pol l utant converted to 6 % resp. 1 1  % 
oxygen contents in fl ue-gas 
c - concentration of pol l utant in f lue­
gas 
02 oxygen contents in f lue-gas 

The integration ,  valuates averaging and 
concentration converting from ppm to 
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Fig. 2: Oependence on net ca!orific value on 
oil contents 
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Fig. 3: Oependence on net ca!orific value on 
water contents 

mg/m3 are performed ' by a bui l t  - in  
microprocessor a utomatical ly. 

Results 

Accord i ng to elementary ana lysis of seeds 
it is possib le to say, that the seeds con­
tents of C, H ,  0 are raughly at the same as 
for wood . Lower oxygen content in  the 
seeds is su bstituted by h igher ash and 
n itrogen contents. l n  contrast to other bio­
mass types the seeds conta in  a certa in  
percentage of  su lphur  in  spite of  the  fact 
that the "00" ra pe is only cultivated now. 

The dependences of gross calorific va­
lue on maisture and oil contents a re de­
monstrated in Fig. 2, 3. 

The midd le va lue  of concentrations of 
gases pol l utants re leased in the combu­
stion process for i nd ividual  fuel  types and 
va lues of concommitant quantities a re 
showed in Fig. 4. 

The net calorific va lue of add itivited l ig­
n itic coarse-dust is 9,34 MJ/kg and ERS 
17 , 1 MJ/kg. 

Discussion 

The net ca lorific va lue  of ERS is increa­
s ing in accorda nce with oil contents in 
seeds and  is decreasing i n  accordance 

Fig. 4: Emission rising 
in coa/ and seeds 
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with the water content. The  technology 
process of o i l  pressing a n d  extraction of 
rape oi l  prod uce extracted seeds with the 
constant percentage of res idua l  oil and 
the loose form which is a great advantage 
for the com bustion in a f lu id  furnace. lt 
wou ld be necessary to gra nu late the 
seeds for burn ing in  a grate fu rnace. The 
combustion of seeds with maistu re up to 
1 5 % seems to be the m ost opti m u m .  

The practica l burn i ng test h a s  proved 
good combusti b i l ity of seeds. From the 
poi nt of view of fulfi l l i ng  the em ission 
I im its only the com bustion of ERS seems 
to be the most adva ntageous. Above a l l ,  
CO decreasing evoked by t h e  better 
mixing of released volati les a nd the com­
bustion a i r  is very expressive. The lower 
su lphur  contents in the seeds a re caused 
by the lower so2 concentration .  

The  course of  N Ox contents measure­
ment in flue-gas is accord ing to N Ox rise 
from n itrogen substa nces conta i ned in  
fue l .  Dur ing coa l and m ixtures with ERS 
combustion the m i ld  growi ng of  N Ox con­
tents in fl ue-gas is  a ppeared ca used by 
increasing of percentage contents of 
n itrogen su bstances in  combustion mix­
tures. Du ring ERS combustion change of 
com bustion regime,  burn ing temperature 
and pyro l isis velocity a re resu lted in bet­
ter burn ing out of n itrogen substances 
under lower a i r  excess a nd therefore lo­
wer NOx creation .  

More heated seeds could cause 
da mage to the furnace l i n i ng in the Iang­
term combustio n .  Therefore we recom­
mend the com bustion of 20 % ERS and 
80 % coa l mixture which is better i n  re­
gard with emission than 40 % ERS and 
60 % coa l m ixture. 
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