ObiTb NPUHAT B KaYecTBe OCHOBHOrO. Mpu 3TOM BenuuuHy paccMaTpuBaemoro nokasartens Heo6-
XOAUMO COU3MEPATb C pa3mepamu UCMonb3yeMoin semnu. To ecTb Benu4MHa 4OXOA0B UMK CHU-
XKeHus yObITKOB [OMKHa onpeaenaThcs B pacdeTe Ha 1 6anno-rexrap KagacTPOBOW OLIEHKWN Cenb-
CKOXO3ANCTBEHHLIX Yroaui. 3TO NO3BONSET, C OAHOW CTOPOHbI, Y4€CTb MPUPOAHO-IKOHOMUYECKUE
pasnuuusa XO3SIKCTB, a, C Apyror — obecnedynTb CPaBHUMOCTb (COMOCTABUMOCTb) MomyvaeMbix pe-
3ynbTaToB B cnyyae obbeanHeHns (YKpynHeHus) npeanpusTuit. U, B-Tpetbux, BENUUMHA paccmar-
pUBaEeMOro rnokasarens oTpaxaeT OfHy M3 BaXKHbIX COCTaBMSOLLMX AOCTUMHYTOro YPOBHA adhdek-
TUBHOCTW NPOU3BOACTBA, KOTOPbIA HEOOXOAMMO YUUTBIBATL NpW onpeaeneHun nobeauteneil B KOH-
KypeHTHOU GopuBe 3a nosbilleHne 3 heKTUBHOCTIA CENLCKOXO3ANCTBEHHOTO NPON3BOACTBA.

lMpenmyLLEeCTBO NPUMEHEHUst nokasaTens, XapakTepusylouero AOXo[HOCTb NPOU3BOACTBA,
3aKnoYaeTCcA B TOM, YTO yBenuyeHue Macchl nonyyaemon npeanpusTueM npubsinm unm ymeHb-
leHne ybuITkOB NpegnonaraeT HapalMBaHue BbIPYYKM OT peanusauuu ToBapoBs (NPOAYKLUWK, pa-
6oT, ycnyr), a, cneaosarenbHo, U 06beMoB NPOU3BOANMOI NPOAYKLMIA W NOBbILUEHWE ee KayecT-
Ba. 3TO MOXET AOCTUraTbCs MyTeM PauMOHaNbHOMO XO3ANCTBOBAHUA, KOTOpPOE BKNIOYAET npose-
AEHWE TakuX MeponpusiTUiA, Kak yriybrieHue cneuuanusauun, BHeapeHNe LOCTWKEHUA HayyHO-
TEXHWUYECKOro nporpecca, paLyoHanmsaums opraHnsanmm npoMssoAcTsa 1 Tpyaa, 3KOHOMUSA aHEp-
reTUMECKUX pecypcoB ¥ MaTepuanbHbiX 3aTpaTt, oOHoBMeHWe marepuanbHO-TexHudeckon 6asbi,
4yTo 06ycrnosnusaeT He06X0AUMOCTb B AOMONHUTENBHBIX UHBECTULMAX, MaTepuanunsauuns KOTopbIxX
crnocobHa obecneunTb NOBLILLEHWE YPOBHA MPOU3BOAUTENBHOCTU TPYAA.

Paccmarpusaembin nokasatesis (poctT npubbinu unu cHwkeHve yObITKOB B pacyeTe Ha
1 6anno-rekrap kapacTpoOBOW OUEHKW CENbCKOXO3SNCTBEHHLIX yroawui) Heo6xoauMo AOMONMHUTL
nokasatenem pocra ypoBHsi 3apaGoTHOW nnatbi ofHOro paboTHUKA, MOCKONbKY NPEeanpusaTUs,
OPUEHTUPYACH HA MaKCUMU3aLMIO NPMBLINK, GYAYT BbIHYXAEHBI CHUXKATL HE TOMbKO yaerbHble 3a-
TpaTbl OBELLECTBIEHHOrO TPYAaA, HO U CTPEMUTLCA K CHDKEHWIO 3aTpaT XWBOro TPyAa, HTO MOXET
npuBecTy K Heo60CHOBAHHOMY 3aHWKeHWIO 3apaboTHO NNaTbl PabOTHUKOB.

Takum o6pa3oM, B OCHOBY OUEHKW MPOV3BOACTBEHHON AEATENbHOCTU CeSlbCKOXO3AWCTBEH-
HbIX OpraHu3auuWii No UToram roga Hamu peKoMeHAyeTCA NPUHATL ABA NokasaTens: pocT npubbinu
“NKU CHWXeHne ybuLiTKOB B pacyeTe Ha 1 Ganno-rekrap CenbCKOXO3ANCTBEHHLIX Yrogui U pocT
YpOBHA 3apaboTHOW NnaThi 0aHOro paboTHWKa B KOHKPETHOM rogy no cpaBHEHUIO ¢ NpeabiayWuM.

NMPOBJIEMbl OPFAHU3ALIUM NPOU3BOACTBA U UCMNOMNBb30OBAHUA
CEJIbCKOXO3ANCTBEHHOU BUOMACCDI ANA SHEPFETUYECKUX LIENEU
B TEXHONTOMMYECKOM U 3KOHOMUYECKOM ACMNEKTAX

PROBLEMS REGARDING THE ORGANIZATION OF PRODUCTION
AND ACQUISITION OF AGRICULTURAL BIOMASS FOR ENERGETIC
PURPOSES IN TECHNOLOGICAL AND ECONOMIC ASPECTS

Waldemar lzdebski, Faculty of Management, Warsaw University of Technology
Jacek Skudlarski, Faculty of Production Engineering, Warsaw University of Life Science

B ctatbe paccmarpuBaioTcs npobrnembl opraHu3auuu, CBsAisaHHble C NMPoOUsBoOACTBOM Guo-
Macckl AnA aHepreTudeckux uenen. CornacHo tpebosanusam EC, MNoriblua AomkHa yBenUUUTb [0-
o 3Hepruu, nony4yaemon u3 Guomaccbl B 3HepreTudeckom banaHce Ao 12,8%, 60% us kotopown
BOSMKHO ObITh Nosy4YeHo U3 CenbCKOXO3ANCTBEHHOW Bruomaccl. [locTmkeHue aaHHoW Lenu Tpeby-
eT NPUHATUA OpraH3aLMOHHbIX pelleHuiA Kak B o6nacTu nporHo3nposaHma 06beMoB NPOn3BOACT-
Ba Guomacchl, Tak 1 B o6nacTv opraHusauMM NPOLECCOB ee MpPoM3BOACTBA U UX obecrieueHuns
3HeproHacbILLEeHHLIMU pacTEHUAMU.

Abstract: The requirements of the European Union towards Poland, require it to increase
their share of biomass energy production in the energy balance to the level of 12.8%, within which
the agricultural mass should constitute 60%. The realization of this share requires a solution to
many organizational problems regarding the forecasting amount of biomass production, as well as
regarding the organization of biomass production process and problems regarding the delivery to
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power plants. This paper presents the organizational problems connected with biomass production
for power industry.

Introduction

The requirements of the European Union order Poland to increase the share of energy ac-
quired from agricultural biomass for energetic purposes. According to the European Union re-
quirements, share of the biomass energy production in the total energy balance in 2010 should be
12.8%, within which the plant biomass should constitute 60%. The realization of this share, accord-
ing to the Polish government's strategy will be carried out mainly through the use of biomass for
the needs of power industry. The achievement of the desirable level of energy production from ag-
ricultural biomass, requires solving many problems of organizational character, mainly connected
with the acquisition of biomass. These include problems connected with forecasting of biomass
production rates, problems regarding the organization of biomass production processes and prob-
lems connected with the organization of delivery to power plants. Solving these problems will help
develop the base of biomass delivery for the purpose of power industry.

Problems connected with forecasting of biomass production rate

For the power plant, which uses biomass, one of the important things is to know the potential
production rates, on which basis, the power plant can make investments within the scope of creat-
ing the infrastructure connected with logistics of delivery.

As practise have shown, the forecasting of production rate is effective only, when the neces-
sary information is available and that a reliable and proven methods of forecasting are being used.
In case of biomass production rates forecasting, one of the important problems is lack of necessary
data, on the basis of which one can make forecasts. This is a result of the fact, that biomass pro-
duction in Poland is in its initial stage of development and no experience in this matter is present.

The basic problem, which makes biomass production rate forecasting difficult is the lack of
reliable premises presenting the sources of biomass. One assumes that the most common source
of biomass in Poland is grain straw. Its potential in Poland, which can be used for the energetic
purposes is estimated at the level of 7840 tones [Gradziuk, 2003] , although even here there is a
lack of reliable information confirming this value, all the more so, because other sources stet the
value of 4866 tones [Ku$ 2002]. Besides that, it is difficult to determine , which part of this surplus
will actually be used for energetic purposes.

Besides the grain straw, the sources of biomass are energetic plants, among others, the
most popular ones like: Salix viminalis, Virginia fanpetals, the Jerusalem artichoke and Miscanthus
giganteus. Although, on the basis of data regarding the climate and soil need of the plant, a poten-
tial cultivation areas of energetic plants were established [Jadczyszyn et al 2008] , but also in this
case, there are no premises saying what percent of these areas will be used for the cultivation of
these plants. Especially, that as the economic analyses have shown, the energetic plants are not
more profitable than traditional plants. [Skudlarski et al. 2009]. Therefore, farmers may rather de-
cide to continue the cultivation of traditional plants than energetic plants.

The tool, which would assist in forecasting of potential biomass production is a decision tree
(Kozlovski et al, 2003), which allows to determine which decisions could farmers make, when they
could choose a biomass production or cultival.ion of traditional plants in certain economic condi-
tions. On the basis of potential decisions of the farmers, one can determine whether there are
chances for development of energetic plantations or not.

The performed analyses on the example of few traditional plants and energetic plants (Salix
viminalis, Virginia fanpetals, and Miscanthus giganteus), with taking into consideration the variable
probability of low and high sales prices and probability of variable harvest have shown, that farm-
ers would rather choose traditional plants in case of biomass purchase by intermediaries. In case,
where the direct recipient would be the power plant, there are chances for development of biomass
production, because the profits from energetic plants cultivation would be higher than those from
traditional plants cultivation [Osiak et al, 2009]. .

The condition for biomass market development is obtaining minimal prices for biomass by
planters. Performed analyses have shown, that the value of minimal prices depends on the
achieved harvest, and in case of grain straw, from grain prices as well. Minimal prices for energetic
plants like Salix viminalis, Virginia fanpetals, and Miscanthus giganteus in three harvest variants
are presented in the Table 1 below. The following harvest rates were assumed: for Miscanthus: 10,
15 and 20 tone of dry matter-ha™ for Virginia fanpetals: 14, 20 and 21 tone of dry matter-ha™ and
for Salix viminalis 26, 34, 48 t-ha™ (harvest every three years). In case of Salix, the harvest of wet
mass was used (directly after harvest), because it is purchased by power plants in such form.
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Table 1 - Minimal biomass prices from the analysed plants [EURt"]

Salix_| Virginia | Miscanthus
Harvest-variant1 | 26.30 | 30.73 53.40

Harvest-variant2 | 20.11 21.51 35.60

Harvest-variant3 | 14.24 | 20.48 26.70
Source: own calculations

The minimal prices for grain straw were presented in Table 2. They were established for the
estimated grain and straw harvest, which were following: for rye: 1.8 and 4.5 t-ha™ (straw harvest
calculated on the basis of literature (Harsim 1994): 3.5 and 5.6 t-ha™ and for wheat: 2.5 and
5.0 tha™ (calculated straw harvest: 2.25 and 4.5 tha™). Additional calculation were made for two
variants of grain sale prices. In order to do this, the lowest and highest annual average grain pur-
chase prices were established, on the basis of IERIGZ information (an institute for agricultural mar-
ket analyses) from the years 2004-2008 (Rynek rolny 2004-2008). They are as follows: for rye:
88.38 and 181.53 EUR:t" and for wheat: 113.78 and 215.30 EURt".

Table 2~ Minimal grain straw prices [EURt"]

min. harvest-min. pric- | max. harvest-min. min. harvest-max. max. harvest-

' es” prices* prices* max. prices*
Wheat 248,34 135,53 60,96 0
Rye 120,06 53,52 10,15 0

*minimal and maximal purchase prices of grain
Source: own calculations

In case of grains, in situation of high harvest and high grain prices, the cost of cultivation
would be covered by sales of grain only, while the sale of straw, even at the minimal price, wouid
additionally increase the profit. Therefore, in the last column of table 2, the minimal price for straw
could be EUR 0, so in this variant, if the farmer gives the straw for free, he still gains profit from
grain production.

The models, allowing for effective forecasting of biomass production rates should consider
algorithms, estimating minimal biomass prices and potential farmers’ decision regarding the culti-
vation of energetic plants.

Problems of the organization processes of biomass production

The acquisition of grain biomass at the production stage, should not cause any organiza-
tional problems. Bigger organizational problems are connected with the acquisition of Salix bio-
mass, especially in large-area plantations. In case of this plant, the most problematic is the har-
vest, especially, that the Salix biomass is moisture and requires additional drying.

Till now, a popular method of Salix harvest in large plantations was the harvest using chaff cut-
ters. However, because of large humidity of the biomass, which makes long-term storage difficult, the
chips are directly delivered for combustion. This makes the energetic value of such mass low, but till
now there are no effective and cheap methods of drying humid Salix chips [Pasyniuk 2007].

The other method is the harvest of the entire shoots of Salix, their storage in such form, until
the achievement of the required humidity and, after drying, cutting it. But, the offer of machine
manufacturers for harvest of whole shoots is too limited. Some constructions are still in the imple-
mentation stages. Recently, on the Polish market, debuted a special rolling press for Salix harvest,
called Bio Baler, which is manufactured by a Canadian company. Harvest of Salix, using this press
would resemble the harvest of hay or straw. Whole shoots of Salix would be collected in a form of
round bales, stored until achievement of optimum humidity and then cut. The disadvantage of this
machine is its high price.

So, in case of Salix, the problem of biomass acquisition process is connected with the selec-
tion of the optimal harvest method. In case of selecting the harvest using chaff cutter, another or-
ganizational problem is to provide enough number of transportation means, in order to make the
cutter work without unnecessary breaks.
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Definitely less problems is caused with Miscanthus, Virginia fanpetals and Jerusalem arti-
choke harvest, because these plants can be harvested like corn, and both Miscanthus and Virginia
fanpetals can be harvested like hay: cut with a mower and then use a harvesting press. The sec-
ond method of harvest should not cause any problems, because the farmers have experience in
harvesting hay. While the biomass harvest, using the chaff cutter, requires the proper number of
transportation means. This is especially important for Miscanthus, which straw has a very low den-
sity, which means that the load capacity of transportation means is used inefficiently, so the con-
tinuous cooperation with chaff cutter requires a large number of transportation means.

Problems with the organization of biomass deliveries to power plants

A very important factor, conditioning the functioning of biomass acquisition is the organiza-
tion of biomass deliveries from farmers-producers to the power plant. The problem is also compli-
cated from another reason. In Poland, the small-area farms are more often, so the supply of bio-
mass in such farms would be rather small. For the minimization of the costs of biomass transporta-
tion to the power plant, especially for large distances, one needs solutions, which will receipt
smaller portions of biomass and store them in one place, e.g. by establishing local warehouses.

In Poland, there are private warehouses purchasing biomass and delivering it to the power
plants. However, because of the operational costs of such warehouses and the need of generating
profit for its owners, the prices of biomass purchase are lower than the ones offers by the power
plants, which influences the profitability of biomass production and farmers' decisions regarding
energetic plants cultivation.

Another variant could be the direct receipt of biomass by power plants. However, this re-
quires the purchase of transportation means and carrying out a schedule of biomass receipt from
planters as well as hiring additional personnel. This variant can be expensive, especially in case of
small biomass portions receipt from many suppliers.

Biomass transportation is also very important, which, because of the large distances will re-
quire more transportation means and generate much higher transportation costs. Therefore, the
localization of energetic plants fields is so important. Also important is the amount of transported
load, depending on the form of biomass.

Table 3 shows calculations for variants of biomass transportation in a form of round and rec-
tangular bales.

Table 3 - Biomass transportation cost [EURt"]

Round bales Rectangular bales
30 km 50 km 100km | 30km | 50 km | 100 km
Virginia fanpetals, Miscan- | 4,05 675 | 1350 | 270 | 450 | 9.00
Grains (straw + grain) 2.70 4.50 9.00 203 | 3.38 6.75

Source: Own calculations

Large distance increases the transportation costs substantially. In comparison to the produc-
tion costs, the transportation costs increase the cost of 1 GJ of energy by about 0.25 EUR in case
of grains and about 0.50 EUR in case of Virginia fanpetals and Miscanthus.

The alternative of biomass in the form of bales is to process them into, e.g. briquettes. Bri-
quetting allows for the increase of load capacity of the transportation means, but increases the
costs of acquired biomass.

As the analyses have shown, the briquetting costs of grain straw and Miscanthus straw using
a briquetting set of the productivity of 800 kg/h is — depending on the amount of the annually bri-
quetted biomass — from 48.21 (1000 tonnes of straw per year) to 62.88 EUR.t" (4000 tonnes of
straw per year), therefore the cost 1 GJ of energy would increase by 3 to 4 EURt" [Skudlarski, Iz-
debski 2010]. '

The selection of the form of biomass delivery to power plants depend on the economic ef-
fects of selected variants. Because the biomass production in Poland has just started to develop, it
is difficult to point the best organizational variant of biomass delivery.

Summary

Biomass acquisition for the needs of power industry is connected with solving many organ-
izational problems connected with forecasting of the biomass production rate, biomass production
organization and the organization of biomass deliveries to power plants. The selection of organiza-

121



tional forms is important for the biomass energy production costs, therefore it must take into con-
sideration the technological and economic aspects. The current state of knowledge does not allow
for the selection of optimal forms for production and deliveries, which requires the continuation of
economic analyses.
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OEPA30BAHUE KAK NPEANOCHLINIKA UHHOBALIMOHHOM
AEATENBbHOCTU B AMNK

3.H. AnaBauka, K.3.H., OouyeHm
Benopycckull 2ocyBapcmeeHHbill agpapHbill mexHuveckull yHueepcumem (2. MuHck)

Peanusauusa MeponpusaTii no TEXHWMYECKOMY NEepPeoCHALEHUI0 CeNbCKOXO3SANCTBEHHOro
rPOU3BOACTBA NO3BONUT o6ecneunTs POCT NPOU3BOAUTENBHOCTY TPyAa He MeHee YeMm B 1,4 pa3a,
CHU3WUTL yAernbHbIR pacxop, matepuanbHbIX U aHepreTudeckux pecypcos 8 1,1-1,15 pasa, cyuecr-
BEHHO MOBbICUTL KOMPOPTHOCTbL PaboThl MEXaHU3aTOPOB.

Obuwuin o6vem puHaHCMPOBaHUA TEXHUUYECKOrO MepeoCHALEeHNA CenbCKOXO3ANCTBEHHOIO
npouseopcTea B 2005-2010 ropax cocraensieT 5,5 TprnH. pybnei.

Mosbilwexne obpasoBaTenbHOro U KBanMUKaLMOHHOFO YPOBHS CesibCkuX pabGoTHMKOB, Ta-
Kum 06pasom, nexut B OCHOBE AanbHeWluen peanvsauum MHHOBaLMOHHbIX NPOLECCOoB B cucteme
AlK. Bmecte ¢ Tem BO BceX yyebHuKax, usnaraiowmx vemy WHHOBALIMOHHLIX PeCcypcoB, BNOJSIHE
y6eauTenbHO U LUMPOKO paccMaTpuBaeTCA porb Hayku U HayYHbIX PabOTHUKOB B peLueHnn faHHOW
npobnembl. K coxxaneHuio, ponb NMOArOTOBKA U NEPEenoaroToBku paboTHUKOB Kak HENoCpeacTBeH-
HbIX nonb3oBaTenei MHHOBALMOHHLIX CPEeACTB, OCBELYAeTCA HEeQoCTaToMHO. M coBepluieHHo
ymarimBaeTca posib LIKONbHOro cpeaHero obpasoBaHMs Kak M3HayarbHOW OCHOBbI (hopmuposa-
HWUA Takux norb3oBaTenei U Tex xe Hay4HbiX paboTHMKOB.

Ha npakruke Bce ob6cTout nHave. bea yueta Heo6X0AMMOCTH NOBLILLEHUA WKOMbHOTO YpoB-
HA o6pa3oBaHus, 3aTeM CpefHero crneumanbHoro unu Boicwero obpasoBaHns, NOAFOTOBKA W ne-
PenoAroToBKN CNeunanucToB, U, HAKoHeL, CaMux HayuyHblX KaapoB B Aefne peanus3auum UHHOBa-
LMOHHBIX nNpoueccoB He o06xoauTCA HU OAHAa rOCyAapCTBEHHAsA nporpamMma couuanbHo-
3KOHOMUYECKOro passuTus pecnyGnuku.

Tak, B [ocyfapcTBEHHOW Nporpamme BO3POXAEHUst U pa3BuUTUA cena Ha 2005-2010 rr. npe-
AYCMOTPEHO OTKpbITUE ANS YYaLMXCA, NPOXUBAIOLLINX B CEMbCKUX HaceneHHbIX nyHkTax, obpaso-
BaTenNbHbIX yupexaeHuin Hosoro Tuna (47 rnamHasuin, 10 nuuees, 31 npodeccuoHanbHbI NULIEIA),
cosfaHue ycnosuii ansa obyyeHuns peren U3 ApYrux HacesieHHbIX MYHKTOB [aHHOrO paiioHa B yu-
pexaeHunax obpasoBaHns HOBOrO TUMNa, OpraHN3aLvMs nNoaBso3a AeTen u AeTel-uHBanuaoB K MECTy
oby4eHus Ha crieLymansHoOM TpaHenopte Nubo obecneyeHne UX MHTEPHATOM; Pa3BUTUE B CTapLLIAX
knaccax npouribHOro oGy4eHus, rnosBOSAIOWEro pacKkpbitb UHANBUAYaANbHbIE TBOPYECKUe Crno-
cobHocTu yyawmxcs; ocywecrsnexve ¢ 2005 roga nbrotHoro Habopa B yupexxpeHust obpasoBa-
HUA CneumanusupoBaHHbIX rpynn CTYAEHTOB NO MNOAroToBKE KaApoB ANA paboTbl B CENbCKoil Me-
CTHOCTW; pecTpyKTypu3aumsa cetn obpasoBaTesfbHbiX yYpexaeHwuid ¢ y4eTom aemorpacdmueckux
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