TEEA Eom Mot Energ Foln — OL PAN 20]0 10 47-38
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STMMAERTY. The prsert stady showrs the remlts of researchonthe vara ity of energy cormmptionin olls eed
processitg plard with anaveraze 24 honr hroaghpo t of approcimately 160 Mz of rapeseed. The average produc-
tion of epade ol for 24 houy pericd amennrded to &7 Mz and 39 Mz of refived cil. The vanabibitywras defined of
the unit electieal and thermal enersy cormumphion idicators. From 285 © 320 kg of o1l seeds were prooessed

for the coswmpton of 1 5T of erergzy. The inpact of varors factors on erergy commanphon was explarned
The results of the present stady can be used to defire the energy stardards as well as to forecast the usage of
erermy cariers that affect the production cost.

Key womnds: oilseed processivg, erergy efficlerncy enpirical models

LIZT OF APPLIED NOMENCLATURE

- 24 hour thermal energy consumption (A= E_ {0, GI24h

- 24 howr of electricity consureption EW-hi24 b

- total energy conmunption (including the cormerter 1IKW-h= 120N, GI/24 h

- total erergy consunption (including the correrter LW -h= 3,600, GI24 h

- 24 hour coal equivale nt consuraption after caloulating the value A, kg ce 24k

- 24 hour coal equivale nt consuaption after caleulating the walue A kg cef24h

- coal consmnption, kgl24d h

- 24 hour eoal equivalent conmumption, Mg ce /24 h

- erergyefficienc v of thermnal energy consuraption, kg of seedafGl

- energyefficienc v of electrical energy conswrption, Iz of seeds/kW -k

- energy efficiency of the total erergy conswaption (including the comverter 1kW-h =
1200, ke of seeds 1G]

- energy efficiency of the tofal energy conswraption (including the corretter 1KW-h =
3,600, kg of seedsfGl

- powerinstalled of the electrical equiperent per 1000 kg of the oil seeds processed within
2homs E =P 2", KWz of sseds

- total installed power of the electrical equiprnent, W

- coefficient of cormrelation
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- coefficient of deterrnination,

- ooal equivalent calorific walue (20,3076 Illks ¢ e,

- coal calorific walue, Tk,

- plant indicator of the 24 hour unit thermal energy conswraption (#=A 2", Gz of
serls,

- plant indicator of the 24 howur unit electrical energy consurmption {E‘E‘:=A‘-Z"']l, EWWLE
of seeds,

- plant indicator of the 24 hour unit coal & quralent corswraption including the relation
1 EW-h=12 M, ke c.e Ivlg of seeds,

- plant indicator of the 24 hour coal consaraption, eluding the relation 1 KW-h =3 4RI,
kg ce Mz of seeds,

- plant indicator of the coal eguialent consuaption per processsd unit, ke of fuellz of
srerls,

- plant indicator of the it total energy conswrnption (including the calowlation 1 EW-h
= 120N, GIMg of seeds,

- plant indicator of the unit total energy conswnption (incloding the calewlation 1 EW-h
= 3,600, GIIvz of seds,

- 24 hour seeds ountput, Ivizfad by

- 24 hour production of refined oil, Wz/24h,

- 24 hour production of crude oil, We/24h
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INTRODUOCTION

Energy efficiency iz defined as the guotient of the wolune of raw material processing (or
a dermved produet) to the amount of energy camier used in the production process. It can also be
expressed using the unit enetgy conmmmption idicators, taking into account the characteristics of
a production plant. In the production process, one of the objecttees should be fo stime for enciey
efficiency irapeorrernents that canbe achieved by reducing ene 1oy caniers conmunption at the staze
of their transforrmation, transrission and fivel e through changes in technology or oxgarization
of production. The conducted rationalization should provide the sarae or higher level of produc fion.
This procedure also results in irproving the etpironenental perforrmance, sachas energy conserva-
tiory, reduced conswraption of natural resources, reduced emissions and reduced voluae of waste
gererated at different stages of raw materials processing [WS Atkins Int. 1998]. Oilseeds are used
for food and techrdcal purposes infended for heating or production of biofuels [Batchelor et al
1995, JaZwiak and S=lek 2006].

Energy carriers consmmption in the oilszed processing plants deyends mainly on the size
and stroctare of processing. The cuality of raw materials, production technologies, the degree of
troe chard zation of production ope rations and a capacity utilization rate shoad be also taken into ac-
count [Batgale et al. 1999, Calisir et al. 2005, Evangelista and Cerraak 2007, Kachel-Jakubowska
2009, Panasiewicz et al. 2009, Shkatov et al. 2008, Sobemk and Tys 2004, Teixeira 2005, Weisto
2003, 2006, Fheng et al. 2005].

The sowrce of irdormation on the oilseed processing plants energy consunption mayhe lit-
erature data synthesized in Table 1. The yare useful for a comparative analysis of plants at different
lewels of enexgy carmers usage but do not fullyexplain the reasoms for the ir variahility
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Table 1. Enerzy corsunphon m the oilseed process g mdustoyr
L . Tt erergy Refe-
Directions of BrELEy cml;ni;ptonmﬂle P | tom Er.mgjr e 2 otee
RESIER indicators = i scope
120 T3
(hl seeds processing Wiz of | kg of seads/ =
seeds Kilh WE Atkins Int.
Flectriral 22 345 (175%)
o . .
ererzy Fefined il production k}ﬁiﬂhﬂlﬂg Yz of il KWk il
o
Total (depending on the 4832124 | 4707 D= anmd
stotiwe of the rapeseads EW-hMz of | ke of seadss z Wiogdalsla (2001
aatput] seeds IW-h and 2003
332
. . a0
(] seeds processing Gl g of ke of seeds (51 z
seeds WE Atins Int
10 1314 (155%)
Thermal energy | Fefined cil prodnction GIMe of ke of seeds 5T z
product
Total (deperding on the 1536 -85 11967353 D and
stmicire of the rapeseeds GIMe of ke n;fs_eeds o1 Z Wojdalsla (2001
aatpat] seeds and 20030
0,1 10,0
01 seeds processing Mgtz of | Bz of seeds/ z
Ceal fexehud- seeds Mg of cod WS Afins Int.
g the calonfic 120
vahue) 032 31 (1255
Fefired cil production Mgtz of | Bz of seeds/ =
product Mz of coal
115-170 5987
Crude il production KA Yz of seads ! il
of'ol K-k Menmg et al.
4555 8222 (1320
Mare arive producion EWhz of | ke of seedss il
product IW-h
2-24 41,7 - 5000 Hizarnadormsld
Elertrical evenzy | ];}”mlm“g ke ofoillWh |2 199
Extmsion
028045 .
. L 253 -357 Dsiak and Wi
Electrical eresgy ];}Hﬂhﬂ‘g Je ofoillWh | % |jdakkicang
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300280 AB-33
Steam kzMlz of Lz of steamnlez
seeds of stearn
T Bystram (19688
7-12 5331429
Electrical everzy WMz of | Jiz of seedsd
seeds W-h
270 37
Frchartion Steanss kzMlz of Lz ot seeds iz
de " seeds of stearn
[rapesacds 410 24
output) Steamd keMz of | kg ofseeds kg
seads of steam Mieadadommsld
T
&2 16,1 (1333
Electrical ererzys WMz of | kg of seedsd
seeds Wk
45 LW
Electrical ererzyd KA hMz of | kg of seedsd
seeds Wk
Q85 Loz
Electrical exerzy kI of kz of product! | P
product M
. 2285 011
it i £ o p— Mllzof |lzofpmductt |F | Hamel(1979)
ducton
product i
11,12 0,02
Tzl thennal every M1z of Lz ot produet! | Z
pwoduct LT
5446 LE3
Elechical everzy kI of kz of product! | P
: product LT
Peamts cil Adolfon(1952)
mrodachon 1,781 0,5
Thenmal ererzy MIks of Iz of product! [P
pwoduct LT
Rernarks to the tahle:

'~ deperd g on the oil content in the mare (From 509 to 18%49)

* _ il exhusion fomm liven seeds with a waridle mand er of scwew revobitions and lb omtory press noszle
diameter

' — arhactonwrith extuson

" — direct extraction

* _erergy effidency calmulated according to the data contained in the refered sonmce litembire

Z —plant scope, P—produchon scope, T declmolomcal seope (efers o the teclmological line,

A —wmt scope (single equprrents and mackives).

The research are being made onthe wage of prelivninary s2eds processing inorder to iherease
the oil extraction [Drdtresea et al. 2004, Gudetjan et al. 2007, FKartika et al. 2006, Rosenthal et al.
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1008, Willems et al. 2009, Fhavng et al. 200Z]. The detailed results of the research relesant fo the
efficiency of the different seeds extrusion press work were presented in the following stadies: Da-
faure et al. 1999 b, Olowe et al. 2008, Crrobuwajo et al. 1999, Chaolarafe et al. 2002, Oyindola
et al 2004, Raji and Fawier 2004, Singh and Bargale 2000].

Dme to the raulti-use oil seeds, it is kaportant to clarify the causes of variability in the outpuat
energy consuiption. The previously obtained data refer o the surarner season. For this reasor, re-
search was made during the winter, with outside temperatures from -5 to -10°C. It resulte d in the main
airn of the stody which iz to define the e nergy usage efficiency in a saraple oilseed processing plant.

FESEARCH MATERIAL AND METHODOLOGY

The research material cormes from oilseed processing plant, that e mploved in total 343 people
(includivg 101 persons directly itrobeed in production processes) and that was processng onaver
age per dayv (Z) approxiraately 160 Ivlg of rapeseed in the range of 69 to 126 M. Daily produc tion
included, respectively: crude oil (2 3 10-55 Mg and refined o (Z ) 16.4 - 504 Ivg. Installed
electrical power (F) was 2374 kW, E_ indicator for 24 hour period ranged between 126and 71.9
EW I Ivlz of processed rapeseed (on average 136 KW I Iz of processed rapeseed). The crde oi
production techvology for alimentary porpose s is presented in the following acherne (graphic 1),

The crude oil production
technology for alimentary
parposes is preserted in the
following scheme (Fig. 1.
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Fiz. 1. Teclmological scheme
= of erude o1l production
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The present stodies (f. ex. Bystram 1986, Drdzds and Wojdalski, 2001, 2003, W5 Ltkins Int.
1992) proside with the terdencies relevant to the energy consuraption of these plants. From the
evaluation point of view of the determined technology energetic aspects, it 1s Dnportant to apply
the indicator walue that will ermbrace the total enegy conswnption in the processing plant. For this
prarpose, the following unit enerzy conswaption indicators are applied:

Wo=4,27"= [D,EIIE A +E, -Q:,:I-Z" Gl of rapeseed, oy

W,=4,.27= [D,DDEﬁ A +B_ Q::] 2 Gl of rapesesd. 2

In order to filfill the ohjectise of the present study as well as to detadl the so far obtained

data, there were calculated the ene gy efficiency indicators for the different energy categorie s, based
on the following forraala:

F== {3

Where: n — ®fers to the type of energyearmier(electical energy thermal exerzy, total enerzsd.
The abowe mentioned indicators have been corserted into coal equivalent:

W = WL ()

W_,= WO, (5)

Dme to the possibilityto use different fuels for ge nerating therrnal erergy, the exemplaryusage
for the most corenon solid biomass was calculated:

W=t (6

In wiew of the present irvestizations there was adopted an assuraption that the 24 hour rape-
seeds” output (Z) has an imfluence on the energy carriers derand in the fat processing plant. It is
not the ordy factor with a decistve influence on the energy consuraption, therefore, there were also
amalysed the comelations between the produc tion strocture, the installed power use mdicator (K )
and the enerzy conswaption of the oillseeds processing plants.

Inorderto deterrvane the influence of differe nt factors, such as: the walue of 24 hour rapeseed
outpat (Z), 24 hour production structure (2, Em;l, the mdicator of the 1nstalled electrical devices
power usage (K ), on the energy carmers usage (A), being those the realvalue observed in practice,
the following eguation was adopted:

p=h+ax
-}I =El+alxl+ai):i“
where: J —explained variahle (energy carners usage, fex. A, AJ,

r - explanatoryvaniables (£ £ and 2 B
The siruilar procedure was adopted fo deterrvine the influence of differe nt factors on the plant
unit energy consuraption indicators (W7, W7, B W ). The methodological principles of the process-
ing plants energy conswrnption analyels were presented, among others, in the study of Wojdalsla
and Drdzds [2008].
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RESULTS AND DIRCTTAEION

The Table 2 provides with the detailed datadescribing the energy consurugtion i the analyzed
oilseeds processing plant.

Table 2. Vanability of the factors chatacterizng the analyzed plant ererzy corrunphon.

Dreperdent varahle,
i.tﬂicat-?crs of enerzy Symbols and umts Seops Lverage
CarTiers usage

A W24 1 30E3-11208 10935

Electrical energy i [z of seeds ] 41,20-1%96,35 &.79
E Mg of seeds 17 H] 509 —24.27 1545
A [1i24h] 115,85-a50,50 #EE5

Thennal ererzy W [z of seeds] 3,15,45 344
E [kg of seeds £5T] 285,85 320,55 20,45
A, [GIi24 k] 181,30-725.00 £e5,44
W I3 of seeds] 387581 416
E [kg of seeds f5T] 17222 255,04 20,27

Total energy
A, [3124 K] 157,18-881 45 a05,51
W [GIM g of seeds] 334-4,16 388
E, [kg of seeds IGT) 240,56 — 295,24 213,43
B [Mgceidh] AR 1942
B, Mz rei2dh] 6,19 — 20,52 a7

Coal equivalert W [k ce/Mz of seeds] 151,95 - 195,12 142,01
B, Mg el h] 468 - 25,59 2,78
W Pz oo /Mg of seeds] 114,02 - 141,84 12479

The statistical analysis of the obtained data resalted in equation of linear regre ssion descrbing
the erergy usage warisbility that was peesented in the Table 3. The scopes of the different erpiri-
cal forrmlas application are cortaired in the Table 2 and in the methodological part of fhis study
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Table 3. Influence of differert tecluncal and teclmologmical factors on the energy carmers usage.

Ttem Fegression equation r(Eh e S% 5. Nomenclaime
A KW 124 b
A= 485,3+3 37,672 07700055 | #am0s T Mz of seeds /24H]
L | d= 19|/E-N3ME, 0,788 (06211 | o045 E_[KWiblg of seeds]
A= 685510952, +6520Z, | 07140509 | 141,10 Z, , Mgr24k]
£ [Izi24k)]
A — [GIr24H]
A= 53433122 nsez s | 19532 Z Mz of seeds /24H]
2 | d=8M0)1789 K 0906 (0520 | 4280 E,_ WMz of seads]
A=1972+ 282 F +495E, | 0870750 | 5L12 £, [Mgi24h]
£, [Mzi2ah]
4, - [GIy
A= SES+3T6T 096 (0972|1929 T Mg of seeds i24h]
3 |A=894- 035K, 0522 (0850 | 44,36 E_[KWiblg of seeds]
A=19134+ 2862 +504Z | 0EMO7E) | 5528 7, [Mzf24k]
Z [Mzi2ah]
A —[312H]
A= 21 335452 054 (0569|1881 Z Mg of seads /24k]
4. | 4= T3495240°F, 0913 (085 | 4298 E_[KWIMg of seeds]
A= 141202867 +519Z OEM (0757 | 5240 Z, [Mgr29h]
Z [Mz2dk]
W — [WhiMz of
W= 14241 - 0501'Z 0754 (059 | 1313 seeds]
5 | W=4191+1 59K, 0814 (0862 | 1,82 imuﬁfﬁiﬁf;sﬂ]]
W= 142 - 006E, - 085E, |06R([048) |1501 2 Mgt
Z_ [Mgi2ah]
W=f0,W =1E)W =AZ _ _
& 77 - incomsiderzhle e ression W~ [51Mg of seeds]
W =[Gz of seeds]
W = 525- 00067 07400547 | 0183 I [Mg of seeds 724h]
7 | W =382+0020K, 0797 (0835 | 0154 E, WMz of seeds]
W =4311+0003-Z, - 00122, | 0651 (0424) |0208 Z, , [Maf24h]
Z [Mgi2ah]
W, — [GIMg of seeds]
W =339 - 0005 Z 0532025 |0llE T [Mg of seads 724h]
5. |w=3465+ 008K 0571 (03267 |01l5 E, [cWiMg of seeds]
Wo=3767+ 004 E_- O00SE, |0486(02%) |0124 Z,, [Mz/24h]
Z, [Mg2d]

Using the regression equations contained in Table 3 we can pre dict energy caniers consump-
tion according to warying levels of seed processing or produc tion struchore . Taking into account the
standard error of estitnation (Se) we define the average desdation of the results obtaimed from em-
pirical models, frow the actual data. The use of these equations is liaited to the range of indradual
far tors warisbility since extrapolation of the results is fraught with too roach error.
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Talivg into account the calonfic values of different fuels reffered o in the literature [Miedmdtka
and Znchndarz, 2006, Rosinski et al. 2000] & indicator was recalculated, which resulted in obtain
ing inforreation on different fuels consuraption (constant biormass) assuriing the necessary level of
thernal enersy supplied to the process. The Table 4 shows the results of these caleulatiors, taking
into account the calarific values &, expressed in I 1 kg of achial fiel.

Table 4. Indicators cfumt ererpy casunphon coming fiom different fiels

Ereigy camiers Calorific vahe (f, [MIkz] Iﬁi"“ﬁ;"&“ﬁﬁﬁ ;mm W
Had ccal 70 1497
Wheat st 173 19,0
Mize s traw 16,3 2049
Rape shaw 150 2295
S awrdbust 15,3 17,4
Villow ckips 16,5 208,7
Pellets 15,0 191,3
Strar briquetes 17,1 2013
Whod briquetes 15,0 191,3

Using the data contained in Table 4 we can estitnate the amount of various altermatove fuels
necessary for the production process in case of need fo change the energy canier in order o reduce
the plant impact on the erwiroreme nt.

The production wolume (Z) natirally affects the level of 24 hour ererzy consanption. Both
the 24 hour thermal energy consuraphion (4 ) and total energy consuraption (4, and A ) were ex-
plaired with the production voluee ranging frorn 96.4 - 972%, The indicator of power installed
use (K ) similarly affected the 2< hour energ v carmiers consumption.

The indicator decreases with the ncrease of raw raterals processing, thus affecting the
increase of the 24 hour energy consumption. £ indicator affected this consumption from 62 to
25%. Among the unit consuraption indicators, the varation ¥ isbest explained (from 45 to 5734,

It shonld be rernarked that the unit ene gy consuraption indiestors cortaimed in Table 2 specifiy
the nurrerical bands of the coresponding rnrnerical valnes shown in Table 1. The rapeseed process-
g efficiencyratios expressed by the indicators E, and F_ ranged respectively from 1722 102528
kilograres of seeds § GT and 2406 - 299 2 kilograras of seedsiG]. The value of B indicator provides
information on the plant e nergyefficiency, taking indo accountall energy carriers.

The results of the present stody can be used for comparisons with other ollseed processing
plants as for specific characte ristics reulting from the production tecknology as well as the applied
regearch methods [Teixeira 2005].

CONCLUSIONZ

The analyzed oilseed processing plant was characterized by the writ energy consumphion
rates sirnilar to those referred in the cited literatare. The reasons for the wariability of unit eneigy
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cotsription were explained thoronghly and it toved out that the non production fac tors were af-
fecting the urdt electricity consuraption level frorn 33 fo 5657,

The it therrnal energy consuraption has not been explained by the independe nt variables
applied. This means the need for fuel and therraal energy rational use. Ernergy efficiency of heat
utilization ranged fror 289 fo 320 kg of il seeds/T]. Studies have showr that it is appropeiate to
conduct active mordtoring as one of the best ene gy management techrdeues, in conjunction with
the cwrrent production voluree. The results of the present study maybe useful to werify the encizy
standards as well as the impleraentation of the cleaner production peivciples. The obtained indicators
mayhe nportant to deterraine the production cost and erdssion of pollutants into the atrnosphere.
Ilorecrer, the reslts of the studyprovide additional krowdedze sbout the unit consoraption of total
energyvand the possible substitofion of fuels (coal) b the energy corning from renewable sources.

The present study provides roate rials nee ful forbuilding rnodels of these plants of the induety
as ere Ty users as well as the ermpirical relations between the armount of processing rapesesd and
its structure, and the dernand for energy cariers.
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EFEKTYWHOSC ZUZYCIA ENERGI W PRZETWARZANIU
NA3I0N OLEIETYCH

Streszemnde. Przedstaanions wirzild badan nal smmermosely msycia energn w zaldadme preeterdestera nasion
olelstych o frediom preerchie ok, 160 Mz reepalo w ciggn doby Sreduia produkoja olem surowrezo dla ckiesu
doborego wynosita 67 Mg craz 329 Mz olem mfinceranezo. Oloet lono =nmermcdd =aldadoaryeh wrskasanloor
jedncsthonrezo mBrma enerrd elakbyemne 1 cleplhe]. Susparaje 1 GJ erermii przeterarzane od 289 do 320
kz nasion aleistrh Winasimono wpbyw rognech coyrmihdor na mgyoe erepil Wytnkd savwarte w pracy moga
brd wrkormstprane do olreslania standawd Gor ererpetyezeh oras prog noeoer arma misyria nodnikder ererzii
widpar ajaoech na kosshy produ kgl

Showra khurrowe: przetardes tano nasion aleistyeh, efekbyamcds energetyezna, models enpiryezre



