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Summary. The analywsis of costs of strawr briquettes” ererzy efficiency has been made. 5 trawr baquethng 15
atttactive mainly in cornpatson to hawd bitanunoas coal bat only when the strav market prices ave loar, High
strawr prices ard lowr grain prices ae a tlweat 40 bagquethng cos teffechveress .
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INTRODUOCTION

The use of straw for energetic purposes is an alternative for coal combustion. 5 traw briguet-
ting mayhe an altermative for pressed strawbecanse of logistic problerns (low efficiens wof transport
e ans and therefore high tranmsport costs) maivdy in case of biowmass for the power industry,

The advantage of briguetting is also that the biigue te s canbe burned in all types of finrnaces,
and the kinetics of corrbustion is sirailar to the combustion of wood chunks, Furthermore, the s
face of storage is decreased several tivaes [Deraiarink 2001].

The popdarityof straw briguettes de pends on the cost-effe oitve ness of briguetting . Therefore,
there is a need for econornical analysis of brigquetted biomass production.

THE AIM AWND 3C0PE OF RESEARCH

The aira of reszarch was to esvaluate the cost-effectiveness of acoiving erergy from straw
brique ttes, for the needs of indnAddual consurmers.

The scope of research included the production costs analyeis of four grain plants (winter
wheat, winter barley; rve and winter rape), produced in the intenstre technology; and the costs of
strawr briquetting from these plants.

METHODOLOGY OF REREARCH

The production of winter wheat, rye, winter rape and winterbarley, planted v interste tech-
tology, was put under the econorde avalyeis [Chotlkowski and others, 1994] . The following crop



102 Waldeviar [l eb sk, Taostasr Osiak, Tamek Sladlarsla

was estirated: 4t- ha' for rape, 61 ha! for winter wheat and e, and 5t-ha! for winter barley
The estimated crop sizes for caleulations were deducted from the assumed level of fertilization and
chermical protection [Chotkowskd and others, 1994, The araount of fertilization waz estirmated for
averygood rye soil cormplex and rmedinr cordent of rdrerals in the soil, taking into account the
rutritional needs of plants [Chothowskd and others, 1994].

The grain production costs were estimated on the basis of dependency carried out according
to the literature [Ealkulacje kosztdw.. 1998, Klepacki, Gokbiewska 2003

Eppen =11 -[KM,, +E o K +ZK_ +KR]—D_W
[l
where: K — production costs [PLY - ha'], K- fertilization costs [PLN - ha'], K _-cost
of used pesticides [PLM -ha], K_ - costs of purchases graing [PLN-ha'], K - labowr costs
[PLN - ha'l, £ -cost of a unit perfonming a given service [FLW - ha™], D, - direct farming sub-
sidies [FLM-ha™], n - the number of teatment ina gven crop. The costs of tractors and mackines
exploitation were calculated using the IMBER. method [IWuzalewski 1999].

In these analyses, it was asmumed that the cultteation of the above-mentoned crope takes
place in the conditions of major farras, where tractors and agrienltiral mackines are used very
mmtenstely Therefore, for the caleulation parposes, the amortization time for the tractors and ma-
chines was azaed fo be & years. In such conditions, the yearlyexploitation of a tractor is sbout
1600 hours.,

The efficiency of the rnachines and tools was caleulated using the methodology and ratios
presented in the literatare [Lorencowicz 200%].

The data necessaryfor caleulations were gathered from the market (Rymek rolrgy, 2005-2009)
and literature [Harsim, 1994, Miedmotka and Suchriarg 2006]. The subaidies from ARINVE were
alan included in the caleulations of production costs.

Because of the difficulties with estimating the straw production cost, the indradual eneigy
cost of straw was caleulated in the following way
It was assumed that the imcorme from gram sales will be nsed for parchasing straw, which would
corstitate an additional portion of energy Mext, the total walne of the energiwacmired from both
the planted and prarchased straw would be caleulated. The indiddual cost of energy obtaired from
stranw was caloulated by dividing the plantation cost (PLN - ha') by the sumraaryvalue of the ener
gy (I ha'').

Becanse of the hagh variability of the stravw market price, three levels of price s were assurmed:
loww, medinn and high. At the low level, the price of straw was assurned at the level of 110 FLY - i,
while the raedinm level — 250 PLH - ', These prices were evaluated on the basis of questionnaires
and inferviews with the representatives of entities purchasing biomass. The high prce level was
assurned at the walue, where the cost of 1 37 is equal to coal. At the coal price, noted by IERIGE
{Fymek roluy.. 20090 at the level of 637,14 PLH - ' andat the assuraed energetic value of coal of 26
GI-t", the straw price will be 450 LN - +' This walue was consideredas the high straw price level.

The incorne from grain sales was caloulated using two levels of prices: low and high, They
were evaluated using the mindroon and maxiromn anmal sverage values of grain pare hase prices
noted by IERIGZ at the tire of 2004-2009 [Fymekroluy.. 2005-2009]. The rminiraal price of winter
rape was estirmatedat the levelof 7739 PLH - ' and 1223.0 PLH -t for winter wheat, re spective Iy
MNT2PLH -t and 861 2PLH - ', for winterbarley, 362 9 FLH -+ and 7772 FLH -t and for rye:
2207 FLH -t and 726.1 PLH - 1.

The briguetting cost was estirnated on the exaraple of the Biomasser Baxi Ivholt brigquetting
rackine of average capacity of 200 kg - W', taking into consideration the techrical and exploitation
parareters and repair costs given by the mannfactorer [Dhugi 2009].
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In the briepe ting technologyy, the work of tractor handing the blocks to the shredde ¥ was taken
into consideration. The tractors exploitation cost was caleulated ace ording to the IBIVIER. e thodal-
ogy [Ivhzalewslki 1999]. Vearlvuze of such tractor was equal to a wearly use of briguetting roac hine.

The labour cost (2 persons operating the briquetting rackhine and 1 person operating the trac-
tor) was assumed at the level of 60 FLH k' ¢ 20 FLH - k' for each worken).

The caloulations of the bricuetting costs were perfored for four vardants of brigue te produe-
ton size. In the wariant I it was asswned that the rmachine will briguette 1000 fonnes of straw per
weat, in the wariant IT: 2000 tores, in the wariant IIT: 3000 tones and v the wariant IV: 4000 tones.

The caleulated costs were increasedbyr 10% for addifional costs (sec ondary costs), connected
with the brique ting process, atnong others: lightuing of the bnlding, ventilation, hesting and social

costs of workers.

The calrulated costs were referred to 1 G of briguetted strawr

RESULTS

The results of calenlations are presented in the tables: 1-5.

Tahle 1. Costs of erergy acquisition ficmn strasr hefore hiquettng [FLY - GT]

strasr prices
Zraln prices Lar Iledmm Hizh
Loar 568 1053 14.55
Wheat
hizh 3 &.11 243
Lo 247 1353 15793
Ey
hizh 4.15 37 111a&
Loar 715 1303 1257
Wirter rape
high 487 948 14.14
Loar 545 12.10 1752
Witerb arleyw
lzh 33 551 1054
Tdle 2. Strawr baquethng costs
Amonnt of b nquetted straar t-rear 10000 2000 KilLI) 000
Manber ofwoding hours h-year’ 1250 2500 373 3000
Armcrhmabon cos ts FLH - yrear’ TE000 [ F2E000 | TREN000 [ 7 Ee0000
Costof enchargirg thewerddne | gy oo | 1gaas | 3eeee? | ssoom | 73m33
elemernts

Labour costs FLH k' &0 a0 a0 a0
Ererzy cost FLN - L' k) a4 Jan4 3584
Costs ofblock loading tactor PLH- k' .10 3540 Hag 3508
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Tetal diecteos b FLN - L' 12185 lal.e3 15170 14692
Tetal duecteos b FLH - yrear’ FOLEEES | AM5TET | SABES 2 | T E1REE
Total costs . imel. induect costs FLH - yaar” 251 53ER | 42 30855 | 597345 | 7L 35030
Briquethne costs FLN -t 251.53 21240 123,10 122 84
Briquethng costs PLY-GI! 1480 1149 1.7 1134
Tahle 3. Costs of ererzy acquisition fioen sheer afterbsqueting [FLM - GT']
Aoyt ef briquetted straer perwear 10001
. Mednm 5 traer . .
Lowr strasr prices . High stravr prices
Flart Grain prces praces
Livar 2045 2515 X233
Wheat
Hizh 17.54 12.40 223
Lirar A 218 3158
Fyre
Hizh 18.9% X5 2505
Livar 21895 e =
Witer rape
Hizh 1987 x5 a4
Livar 2153 2 211
Winter barlew
Hizh 1819 2.7 g

Tahle & Costs of erergy acquisiion fiom stawr after b rquetting [FLH - GT']

At of b nquetted strawr per wear: 20001

Lizar sbianer prices Maim.:msh’a.r High strasr poaces

Flart Z1ain prices puees

Loar 1215 2283 2
Wheat

high 1554 1880 217

Lowar 2095 588 25 2R

Fm
high lags 2023 2588
Lowar 1985 2552 30,79
Wirter rape
high 1737 2197 2664
Loar 1859 2581 2881
Whrterbarleyr
high 1510 1240 5.
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Tihle 5. Costs of ererzy acquisition fomn shawr afterbrgquethng [FLM - GT']

Aot ofbrnquetted strasr peryear 3000t
Looar 5 travr prices Mednom straer prices | Highstrasr prices

Flant Zraln prces

Licrar 1737 2205 e
Wheat

hizh 1435 1782 21.15

Lirar Als 2510 &80
Eywe

hizh 1526 12,48 2850

Liznar 1826 2474 2558

Wirder rape
hih 1659 2.19 2585
Lirar 1220 xal 2
Witerb arley
high 1510 1262 2255

Tahle &. Costs of erergy acquisition fiom steer after briquetting [FLM - GT']

Aot of briquetted strasr per year 40001

Lowar 5 tewar prrices Mlednimm s teaer prices | High shaer prices

Plant Zrain prices

Lowar 1700 PN 2587
Wheat

hizh 1438 17.45 xs

Lo 1221 27 213
Eye

high 1549 12.11 X250

Lowr 1850 2.5 2El

“Whrter rape
huzh la 22 e 2549
Lowr 1754 a4 A6
Virterb aley
hizh 1473 X9 19

The perforrmed analyses allow fo state, that the cost of briguetting is between 14 and 33
PLM - GI-1. The hest results ave obtained for winter wheat. In the conditions of low straw prices and
high grain peices, at the yearlybrique ting capacity of 4000 t-wear-1, the briguette producton cost
s 1438 PLW - GJ-1, widch is wery attractive when compare d to the energw costs of coal. The worst
result (33.07 PLI - GJ-1) was caleulated for the production of rape straw brigue ting, in the condi-
tiors of high straw prices and low grain prices at the yearlybriguetting capacity of 1000 t-yearl.

CONCLUSIONZ

The production of straw briquettes, as the performed analyees showy 1z profitsble maindy in
the sitnation of low straw matket prices. An irportant factor is also a high exploitation of briguet-
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ting machine. Howeser, in the conditions of wery unfinrourable prices of grain and straw;, the hazh
exploitation of briguetting mackine does not asswe profitability of briguette production.
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EKONOMICZNE ASPEKTY PRODUKCI BRYKIETOW ZE SLOMY ZBOZ0OWE]
Stresrezenie. Dokonann avalizy kosztdwr pozrskaria erergn =e shomy w postact brylaetder. Brdietoraranie
shomry jest atvalooyine wr stomarlon do wezla kannemego ale ghdarrme wr sybiacii ne ldch cen rynbosrmh shonoy.
Whmokie cery stony jak 1 miskie ceny marma stanowrly zagiofeme dla optacalnosdel bryloetosrarma.

Slowa lhwrowe: brkistowrare, ererza, biommasa, zhosz, kos =y, optacalneée produle)



