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Summary. The analysis of costeffactivenss s of wsidential building heating using the enerzy fom grmin come
buston in companson o the energy fiombibanonons coal was performed. Itwas proven that the grain contas-
hon 15 mere cost-effechve m the vanart of zrin produchon n the tdersive teckrolosy or prchasing graan
i cordibors of loar mwasdiet prices. Meanlule, the copnbiston of gram obtaired from produchon in extersive
teclrology or parchased at lngh market 15 not cost-effective.
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INTRODUOCTION

Till today, grain eulfreation was limited to the production of grain for corswraption and feed
parposes. [n recent years, a concept of using the grain for energetic purposes was estdblished, the
taore 50, becanse the farraers have the experience in grain cultieation as well as necessary mackines
and fools.

Since many years, grains have been used for heating paurposes in Scandinada as well as in
Canada and the U5 A [Internet]]

The first example of oat grain combustion in Poland is the farn in the Breuchanis willage,
near Iviechdw (Ivlalopolskie woivodship). In the opiraon of the owner, the new technology is cost-
effective, nearly entirely antormated (requires only the supplerentation of grain in the container)
and the ash, resulting from corbustion canbe used ag a feriilizer [Interretl].

Grain corabustion meets a few obstacles, mainlyeoring frorm rentality (corbustion of food
sonrce) |, however the factors in fvour of grain corabustion are the rsing peices of the correntional
energy somrces and variable grain prices, not always guaranteeing the profitability of production in
cage of selling the grain on the market [Fymek rolnsy, 2005-20097.
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THE AIM AWND 3C0PE OF RESEARCH

The aim of regearch was to analves the heating costs of a residential building in a farra, of
150 1, with the energy aceuited from the corbustion of oat, rve, corm and hitrainous coal of
L0 pea coal” type.

In case of grain cotnbustion, the performed analyses regarded the costs of energy acouisition
from the grains produced in the fanm as well as purchaszed on the market.

The economic analyees were performed for tao technologies of grain production: intenste
(ohtaining of high grain crops) and extenstve (ohtaining crops at lower produe tion costs).

METHODOLOGY OF REEREARCH

The dernand for therrnal enerzy of a residential building was estirnated on the basis of the
individual dervand, which, in Polish conditions forbuildings cormprising to the insulation standards,
is 100 EWh ra” of area for the entire tirae of heating period [Internet3]. Therefore, assurming the
building area to be of 150 m’, the dermand for therraal energy would be about 15000 EWh anrm-
ally Inorder to estirmate the enery carmiers” costs, their calorific value, expressed in b - kg™’ was
corretted ivto BWh, noting that 1 KWH 12 3600 LI [Interme t3]. Becanse of that, the indivadual cost
of ere gy in the analyses was expressed in FLH - EWH'. The cost of building heating was caleulated
by roaltiplying the indnidual cost by the buiding’s dermand for the energy

The costs of grain plants produc tion were calenlated on the basis of the dependencycarried
out according to the literature [Balkulacje kosztdw... 1998, Klepacki, Golebiewska 2003]:

Eppen =[Km VRt K+ 7 K+ K+ K J— D,
vl

where: K- — peoduction costs [PLH- ha™, K, - fertilization costs [FLH- ha™], A
cost of used pesticides [FLN -ha'], K - costs of purchased grains [PLM - ha'], K, —labour costs
[PLM-ha'], K —costof a unit performing a given service [FLN-ha'], n — the nraber of treatrents
ma .gi.ven CrOf, Kqu - indirect costs (crop insurance, agricultural tax, etc ) I, — direct farruing
gubsidies [FLIM-ha™].

The production costs were estitnated for grain production in intenstve and extensive technol-
ogy. The technologies were diversified by the level of fertilization and ramber of pesticide and
fertilization teatments [Chotkowskd and others 1994].

The crop arnount for oat in the intensive technology was at the level of 5.5t ha, whils in
the extenstve technology at the level of 3.5 t-ha”, for rye, respectively, 6t ha and 3t ha™', whils
corn: 11t ha' and 6 t-ha''.

The straw crop amount was evaluated on the basiz of ratios regarding the straw harvest to
grain harvest, presented in literature [Harasimm 1994

Drata needed for caloalations were faken fror market reports (Rymek roloy.. 2005-2009) and
fromn the distribmtors of production means.

The exploitation costs of tractors and machines were caleulated according to the IBMEE
tre thodology and ratios presented in the literatore [Muzalewsld 1999, Lovencowicz 200%].

The econordcal analyses regarded a small farm, i1 which the yearly exploitation of machines
1z lowy, becansge of its area and production conditions. Be canse of that, according to IBMER. mzges-
tons [Whzale wski 1999, it was estimated that the nomnative exploitation of mae hives in a 20-vear
period is nsed only in 50%., which is equal fo the explodtation of a tractor for about 300 hours a vear
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Becanse of the ahowve azmmmptions, the calenlations of work effectieeness and exploitation
costs ineluded mackines and tools working with a tractor of 35 EW power. In case of a harvest with
the use of a harvester, it was assoraed that the farm will nse external services. The service cost was
taken from market data at the level of 270 PLI =k (Bizon Fekord harvester) [Fymek rolrey... 2009].

In case of grains, because of their energetic parposes, it was assurned, that the straw will be
grinded and plonghed. Becanse of the fact, that the ploughed straw brings sorme nufrition elements
to zoil, like nitroger, phosphors and potassinen, the production costs were decreased by the walue
of ploughed straw In order to caleulate the walve of ploughed straw;, the walue of 1 kg of pure ele-
ment in the fertilizers was calenlated in the analysed technologies. By multiplying the imdmadual
cost of elements by the content of elerments in plonghed straw [Internetd] the value of ploughed
strawr was calenlated. It was decreased by the walue of nitrogen fertilizer, whick, according o ag-
ricultural science (dishahances in carbon and nitrogery), should be used be fore plonghing of straw
[Artyszak 2007].

The efficiency of machines and tools was calewlated on the basis of methodology and ratios
presented in the literabare [Krok, Piotrowskl 1985, Lorencowicz 2005].

In cage of corbustion of grain parchased on the market, the caloulations were made for three
price levels: miniraurn and maxirurn price noted by IERIGE for the period of ay 2004 - May
2009, and the current price leseel (Wlay 2009% [Fymek roln.. 2005- 2009]. For oat, the minirmomm
price was estireated at a level of 3702 PLM -t maxiromn at the level of 7029 PLH -t and the
current price of 4957 FLH -, for rye, respectively 3467 FLH -+, 6941 FLH -t', 4752 FLH -t
for com: 269 9 FLH -, 659 3 FLN -t', 5376 FLH -,

The following energetic values of grain were assumed: oat-18.5 GT -, re-17.5 G1-', com-
17.2 GI-t' [Intemetl].

The caloulated heating costs also included the cost of furnace amortization. In the warant of
corabusting grain and eco peacoal”, the boiler Ling Do 25, of gross price 2318 PLI (Tnte mets)
was taken o consideration, while in the wariant of combusting coal, the hoiler Maxivms 545
NWT (gross price of 3720 PLH) (Internets).

The coal price was assuraed at the level of 673628 PLH -t on the basis of [ERIGE [Rymek
rolny .. 2005]. While the price of the geo pea coal” was assumed at a level of 660 PLNI | the
average of the market offer [Trternet?, Intermets].

For the evaluation of building heating wariant, the gainsflosses frorn heating with the grain
energy were calculated in cornparison to the costs of heating using coal. They were caloulated by
taking off the costs of straw heating frorn the costs of coal heating.

CONCLUSIONZ

The calenlated yearly cost of building heativg with the energy corming from coal cormbus-
tiory, including the araortization cost of firkace is 207213 FLH, while in the caz of  eeo pea coal”
cornbustion it is 2343 53 PLN - wear”. The difference between heating costs is mainly cansed by a
significant differenice between the prices of furmac es. However, in case of parchasing |, eco pea coal”
at lower prices (eg. loose), the heating costs raybe comparable . Howewer, a5 one canchserve from
the market offers [Infermets], the prices of L gco pea coal” can be much higher, which, of course,
significantly increases the heating costs.

The costs of energy acquisition from grain coradbustion are presented in Table 1.
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Tdle 1. The costs of gram plantahon ard fmancial resalts of enerzy acquisthon ficen zran

Exiencire technology of plantation

oat 1 com

The plantahon aost, mims the nibsidies and vahe of ploughed steaar 147915 | 1540 | miasn

[FLH - ha-1]
Erergy acquisition cost [FLM - 1-1] L2534 2581 Jlz
Costoftuilding heating by grain combustion [FLH - year-1] 2108538 | 50447 | 259281
Fainloss when conpared o coal eormbustion [FLH] -3122 RN ) -514.47
Indensire technology ofplantaiion

oat Tye [ala}iil
T}ﬁﬁﬁfnmstm the subsidies and vahie of ploughed stear 1511 | 4677 | mssee
Ereigy acquisiion cost[PLMAGT] 1850 1750 21 5%
Costofhuilding heating by grain combnus ion [FLY - pwear-1] 152314 | 152552 | 20333
Fainloss when conparwed o coal cormbustion [FLH] 454 55 55261 4479

Grain cordonstion in order to heat a building iz cost-effectie only in case of large graim
harwvest (intenste technology). In this variant, rye and oat grains are the best.

Table 2. The oosts of tildivg heating with grmin parchased on the market

Low grain punmchase prices
cat 17 oM
Costoftuilding heating by graim corbustion [PLHx<wear 1] 1522778 | 1903774 | 163838
anloss when conpared o coal combustion [FLH] 15555 1e8.5% 43117
High grain purchase prices
oat Tye [ala}iil
Costoftuilding heahng by graim combustion [PLHxyear- 1] 310708 | 321712 | 312924
Ganloss when conpared to coal corbuston [FLM] Sl2ERs | -113Re8 | -10S1 13
Currend grainpurchaze prices
Costoftnilding heating by grain cormbustion [PLHxyear-1] IR%52 | SEAS5 | 28531
Ganloss when conpared to coal cormbustion [FLH] -291.59 51482 -5385.18

Building heating through the cormbustion of parchased grain is costeffective only in case of
lowr market prices of grain. Hizh grain prices generate large financial losses in building heating.
Purchase of grain for energetic purposes at current prices is also uneconorndc .

The presented calenlation results concem complex production technologies, condiions and
assurned prices of production means, grainand coal. In other production or marke t condifions, the
results may differ frorm the ahosee-rmentioned.

Surarnary: On the basis of the perfonmed anabyses for the assumed producton and masket conditions, one can
say that grain combustion in cormparison to coal conbustion may be cost-effective. The condition for this is
loar mndivdual cost of ererzy acquis itbhon fom gran, whoch, as these analyses have shoarn, 15 possible by the
irtersive techmology of production orb v parchasing grain at loar masket poces.

The mos t attrachve ererzy source, fom the analysed plants, 15 grain of oat amd e,
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KOBZTY OGREEWANIA BUDVNED MIEZZK AT NEGO ENERGLA
POCHODZACA FE SPATANIA ZIARNA

Streszemnde. Dokonano analiz optacalnodcl ogrzevraria bud vk mieszkalnes o enerrig pochodzaey = 5 palania
Zama zhizw odniesierm do enerzii zZwegla kannermez o, Wikazan, e spalame mama jest optacalne wara-
rianme uprEay hosw teclmolosn produkan ntersyame hab zalnps mama na el e syacy mslach cen
ryakoxryeh Matonmast meoplacalne jest spalarie mama posyskaregowr teclmolog i produlo)i ekstersworne] hab
zalmpictezo powysolich cenach rynkoaryeh jak rdermmes biefmewh cenach rmkoarych

Slowa lhuwzrowe: spalame mama, koszly ogrmewarma, odnavnalne srodia eneren



