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ASSESSMENT OF THE POSSIBILITY OF USING ASH FROM BIOMASS
FOR SOIL FERTILISATION AND DEACIDIFICATION

Agricultural use of ash from wood biomass shoulddnee the dominant tendency, par-
ticularly because of the fact that the productidrash is the unavoidable consequence of
energy production from alternative sources.

Fertilising soil with fly ash enhances their phgsiproperties, increases the capacity of
sorption complex, water absorbing power, decredsesity and alkalises acid soil. Ash includes
other vital components for plants, particularly megjum, potassium and macronutrients. This
fact is of significant importance since most otédgdands in Poland indicate not only over-acidi-
fication but also magnesium deficiency. Moreovelatively high content of sulphur in fly ash is
significant when it comes to the use of ash asdliece of this element in agriculture.

The factor which hinders the use of ash for agiiral purposes is the diversity of its
chemical composition resulting from different feati of the incinerated material. This in turn
makes it difficult to obtain the product of fixeda]ity. This issue can be solved by stabilising,
partial hydratation or mixing with other materialsewage sludge for example, or granulation.
However, all must be done in accordance with thadsrds specified in the Regulation of the
Minister of Economy on the ways on mineral ferélis packing, labelling fertiliser component
on the packaging, methods of mineral fertilisetingsand types of calcium fertilisef].

Only close cooperation between producers of asentfic-research and standardising
facilities with government support gives reasonatainds for solving the issue in connecti-
on to deacidification of large areas of acid soiPibland.

Keywords:ash from biomass, major mineral elements, trawmesits, neutralization of soils.

Introduction . The Directive 2009/28/WE of the European Parlianaen the
Council of 23 April 2009 on the promotion of use okegy from renewable sources
and amending and subsequently repealing Directives /ZDOYE and
2003/30/WH 2] defines biomass as biodegradable fraction of produetste and re-
sidues from biological origin from agriculture (includinggetal and animal substan-
ces), forestry and related industries including fisiseaied aquaculture, as well as the
biodegradable fraction of industrial and municipal waSte the basis of the Regula-
tion of the Minister of Environment of 22 April 2011 omission standards for
installationg 3], biomass is to be understood as products comprisamg plibstances
from agriculture or forestry origin incinerated in ardie recover energy. Those was-
tes include as follows: a) plant waste from agriculturd forestry, b) plant waste
from food processing industry if the thermal energy movered, c) fibrous plant
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waste from primary wood pulp production and from pgmeduction from pulp, if
such waste is incinerated in the location of its origin ardtbduced energy is reco-
vered, d) cork waste.

One method of further biomass processing is incir@rat result of which
energy is produced and the obtained ash can becovaduable raw material for
example for fertilisation or soil recultivation purpos@&@btained ash is to be treated
as mineral waste.

The Regulation of the Minister of Environment of 5 AjZ11 on R1024]
recovery process specifies the conditions of regolig means of distribution on the
surface of ground for soil fertilisation or enhancem@sh originating from biomass
includes fly ash from peat and untreated wood not stdgjeto chemical treatment,
code: 10 01 30. The conditions specified in the reguianust be met in order to use
the ash. Waste should be evenly distributed on the whdigceuof soil, apart from
vegetation season, and covered by or mixed with sbi @xception is its use on
grassland or multiyear plantation where waste can habdied only to depth of
30 cm. Waste is to be applied only to soils in which dbenissible values of con-
centration of the substances as specified in the Regulatthe Minister of Environ-
ment of 9 September 2002 on soil and land quality stda@] are not exceeded. It
should be used in such a way and in such amount sotde exceed the admissible
values of heavy metals concentration (Cr, Pb, Cd,NMigzZn, Cu) as specified in the
Regulation of the Minister of Environment of 13 July @@h municipal sewage
sludge[6], even in long term use. This must also meet the ragairts concerning
the admissible values of pollutants for calcium and galemagnesium fertilisers as
specified in the Regulation of the Minister of Agricuttand Rural Development of
18 June 2008 on implementation of some provisionsefitt on fertilisers and fer-
tilisation[7]. In order to determine the dosage of waste possible applied to soil,
and congruent with the provisions of the Act, the aese should be carried out by
the producers in the laboratories which have the aitatiesh certificate or the certifi-
cate of the implementation of a quality management sysignimwthe meaning of the
Act of 30 September 2002 on the system of assessmentrgdfiancq8]. The dosa-
ge of waste for fertilising purposes is determined onbidss of their physical and
chemical properties and in relation to the type ofaad plant nutritional needs.

Characteristics of chemical composition of ash from woodiomass In
terms of its chemical composition wood is a heterogensolistance comprised ma-
inly of cellulose, hemicellulose, lignin and water. As theetages the lignifications
process increases: the content of lignin in the tree iresemsd the content of water
decreases. The average content of the basic elementsod is: carbon 50 %,
oxygen 43 %, hydrogen 6 %, nitrogen 0.2 % and mireenapounds 0.5 %. The ave-
rage content of ash from solid wood biofuels range® 0.3 to 5 %49].

Ash obtained from incineration of wood biomass is there® of plant nutri-
ents. However, the content of toxic substances, pantigiiaavy metals, cannot be
disregarded. The content of the basic components @styfrom wood biomass is
presented in Table[10].
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Table 1. The content of the basic components ingsh from wood biomass [10]

Element Oxide % Pure Ingredient %
Calcium CaO 30.3 Ca 21.6
Potassium KO 23.2 K 19.2
Magnesium MgO 5.7 Mg 3.4
Silicone SiQ | 11.7 Si 5.5
Aluminium Al,O; | 1.6 Al 0.8
Phosphorus s | 15.6 P 6.8
Sulphur SQ 3.7 S 2.0
Sodium NaO | 0.94 Na 0.69
Iron FeOs; | 0.27 Fe 0.19
Manganese Mi©,| 0.03 Mn 0.01
Titanium TiG, | 0.02 Ti 0.01
Strontium SrO 0.07 Sr 0.06
Barium BaO| 0.00 Ba 0.00

a) Characteristics of ash pH from wood biomass

In general, ash is characterised by alkaline pH vallies.pH values obtained
by Ciesielczuk et a[11] in incineration of pine wood, spruce, beech wood @aki
wood ranged from 10.78 to 11.71. Alkalisation of sdier the use of ash (pH incre-
ase by one unit) can affect the decrease of mobilityadfils, including the decrease
of the exchangeable aluminium activity, particularly inlssprone to acidificati-
on[12]. For many years the share of very acid and acid so®eland exceeds 50 %
of the area of arable lands. However, there aresamb@re the most acidified soils
constitute over 80 Yd3]. In comparison with the neighbouring countries, Poland
displays negative characteristics in terms of soil acidiioaflhe acidification of so-
il in Poland and in its particular voivodeships has hactignged for the past 20 ye-
ars[14]. The only method used so far for regulating soil pHsisgi calcium fertili-
sers. The calculations taking into consideration thel fiee soil liming and recom-
mended dosage of CaO show that the total demand faurmafertilisers in Poland
amounts to approximately 20 million tons of CH®]. In 2010 the sale of calcium
fertilisers per pure ingredient (CaO) was 877066 ot secured only 4.5 % of CaO
demand 16].

Therefore it is justifiable to use other, often lespessive materials for soil
deacidification — ash from biomass containing woodl@érly alkaline pH.

b) Content of macronutrients in fly ash from wood homass

The element which is most abundant in ash from wood dssris calcium, its
content in ash was 30.3 % CaO (Tab.1). The increassalint of calcium compo-
unds causes high alkalisation of ash. According tdRibgulation of the Minister of
Economy of 8 September 2010 on quality requirementsyfastof calcium for ferti-
lisation, the content of CaO should range from 200t64§17].

As a consequence of a relatively high content of gatasin wood material,
the ash from biomass incineration also contains higbuamof potassium — 19 %
calculated per pure ingredient (Tab. 1). In fly &hm wood biomass, magnesium
amounts to 3 % (Tab.1). The content of potassium arghesium in fly ash indica-
tes the possibility of the use of ash for soil déiiciation.
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Fly ash from wood biomass is characterised by loweruansoof silicon
(5.5 % Si) and aluminium (0.8 % Al) in comparison withetash. This is yet anot-
her factor justifying its agricultural use. Phosphorus art®to 6.8 % P in fly ash
(Tab.1). Due to biogenic character of this element,ighdr amount in comparison
to the average content in soils is another factor whichesrgn favour for the use of
wood ash as fertiliser.

The research of the Institute of Soil Science and Plaliiv&ion in Putawy
(IUNG-PIB) states that approximately 60 % of soil in Poleslilphur-deficient. To-
tal sulphur content in ash amounts to 2.0 % (Tab.1) dadathount is of significant
importance due to the possibility of using ash as a sadreg@phur in agriculture.

In a sample of fly ash the content of iron and maagaramounted to 0.19 %
Fe and 0.01 % Mn respectively (Tab.1). The values Wesver than the average amo-
unt of these elements in soil. For example, the contesbdifim in ash was 0.69 %
Na (Tab.1). The content of sodium in ash obtained fimecimeration of pine wood,
spruce, beech wood and oak researched by Ciesieddzalf11] ranged from 0.3 to
0.8 % Na. The literature on the subject does not specigtail the amount of sodi-
um in arable lands. The amount of titanium, strontiumtzaréim in fly ash from wo-
od biomass was lower than the values characteristiofbaisd does not pose threat
to natural environment (Tab.1).

c¢) Micronutrients content in fly ash from wood biomass

The share of macronutrients in combustion wastedbas studied for many
years due to its significant influence on living origams, both positive and negative. In
the study on ash fertilisation from thermal biomasegssing by Ciesielczuk et Fl1]
the content of heavy metals in ash from deciduousanifierous trees is given.

Table 2. Content of heavy metals in ash under inigsation, mg@'ld.m. [11]

Element Pine wood Sprucg  Beechwagod Oak
Zinc 3937 1430.6 1284.2 1737.9
Copper 206.8 277.6 231.8 112.8
Nickel 36.98 26.31 187.2 13.98
Lead 186.6 60.77 52.40 25.64
Cadmium 25.55 2.59 1.30 1.38
Chromium 21.3 7.81 24.45 15.36
Manganese 30845 7630 45197 5462

The authors state that in ash under investigation the ntootdneavy metals
was highly diversified. Particularly high contentsnedinganese, zinc and copper we-
re recorded which can be the factor limiting the usesbfas the source of those ele-
ments for soil. However, in accordance with the curpeavisions of law, only ash
derived from pine wood should be eliminated fromi@dtural use because of its ex-
cessive lead content.

Prospects for ash modification to meet fertilisation need€One method of
further ash processing is mixing with sewage sludgeusimy the resulting mixture
for plant fertilisation. The obtained mixture is chargstd by lower humidity and
alkaline pH of ash causes favourable sewage sludgéisalton. The comparison of
the analysed values allows for stipulation that from thepeztive of their agricultu-
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ral usage for plant fertilisation, adding ash from woasitziss to sewage sludge is
more favourable than adding calcium oxide.

The dusty form of ash is one of its negative featuresefore granulation of
ash with other components is justifiable. Fertiliser gtgdiwith the use of ash inclu-
des not only the alkalising elements but also proper anafusther plant nutrients.
The form of the ready to be used fertiliser shouldjtzeulate. The choice of proper
components for fertilising granulate production with tise of ash from biomass can
cause them to be included among the group of organieradifertilisers of parame-
ters specified in the Regulation of the Minister of Eormiment and Rural Develop-
ment of 18 June 2008 on implementation of some pradsad the Act on fertilisers
and fertilising[18].
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Tiouunscxa M., IOpzenv-Maneyka I'., Bawyyvka Y.b. Ouinka MoxxkIuBoc-
Ti BUKOPUCTAHHA 30/14 3 6iomacu AJ1s1 y1o0peHHs Ta HeiiTpasisaunii IpyHTIB

VYV 106peHHs IpyHTIB JIETKOIO 30JI0F0 MOKpAIIy€E 1X ()i3H4Hi BIACTUBOCTI IIISIXOM 301Tb-
HICHHS] MICTKOCTi COPOLIIIfHOr0 KOMILIEKCY, MOJIIIIY€E MapamMeTpH MOTJIMHAHHS BOJIH, 3HIXKY€E
LITBHICTD Ta MiUTYKY€ KHCi IpyHTH. JIo cKitaty 30711 BXOJSATh TAKOX 1HIII KOMITOHEHTH, He-
OOXIJHI JUTS J)KUTTS POCIIMH, 30KpeMa MarHiii, kaiiii Ta Mikpoenementu. Kpim Toro, nopisHs-
HO BHUCOKHIi BMICT CipKH B JIETKIif 30IIi Ia€ MiJicTaBU PO3MIIAATH ii SIK JUKEPENO LBOTO eJie-
MEHTa B CiTbCBKOMY rocnoiapcTBi. UMHHUKOM, SKHM YCKIIAJHIOE BUKOPHCTAHHS 307M B
CLITbCHKOrOCHOIAPCHKUX LIAX, € AudepeHIiamis XiMivHOro CKIa/y, M0 MOB'SI3aH0 3 Pi3HUMHU
BJIACTUBOCTSAMH CIIATIOBAHOrO MaTepiany. lle He cnpuse BUpOOGHUITBY MPOAYKLIl cTabLIBHOT
sxocti. Lo mpoGiieMy MOXHa MOJOJIATH IUIIXOM cTabimi3anii, 4acTKoBOI rigpararii, 3mimry-
BaHHA 3 iHIINMH MaTepiaTaMy, HaIPUKIIa 0CaflaMH CTIYHUX BOJ, Ta IPAHYJIALIT.

Knrwuosi cnoea: 3oma 3 Giomacu, MakpoeIeMEHTH, MiKpOEIEeMEHTH, HeifTpaisamis
IPYHTIB.
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Tuouunvcxka M., IOpeenv-Manyuka I'., bamyuyxaa Y. .b. OueHka BO3MOKHOC-

TH HUCNOJIL30BAHUS 30J1bI U3 OMOMAaCChI aJid ynoﬁpe}mn U HeﬁTpaJ'lﬂ3a].lHﬂ nmo4ysB

VY noGpenue noyB JeTyueii 305101 yiydiaeT ux pusnyeckie CBOWCTBA 3a CYET yBeInye-
HUSI eMKOCTH COPOIIMOHHOTO KOMILIEKCa, a TAKKe MapaMeTphbl MOTIIOMICHHS BOIbI, YMEHbIIIa-
€T I'YCTOTY U JIKATU3UPYET KUCIIbIE TIOYBbI. 30/1a COJACPKUT HEOOXOAUMBIE JUIS JKM3HH pacTe-
HUII KOMIIOHEHTBI, B YAaCTHOCTH MarHWii, Kajauid ¥ MHUKPOIEMEHTh. DakTopoM, OCIOXKHS-
IOLIMM HCIOJNIb30BaHKUE 30J1bI B CEIbCKOXO3AMCTBEHHBIX LIESX, ABisiercs auddepentmanms
XMMHYECKOTO COCTaBa, YTO CBA3AHO C PA3JIMYHBIMU CBOWCTBAMHU CXKUTAEMOT0 MaTtepuaia. JTo
3aTpyIHSET CO3/IaHie POJYKTa IIOCTOSHHOrO KayecTBa. JlaHHas npobiema MoeT ObITh pas-
peleHa myTeM CTa0MIN3aliy, YaCTHIHONW IMIpaTaliy, CMEIINBAHUS ¢ APYTUMH MaTepuaa-
MH, HallpUMEp OTCTAaUBAHKUEM CTOUYHBIX BOJ, @ TAKXKE MPaHYJISILIUU.

Knruesoie cnosa: 301ma n3 Guomacchl, MaKpOJIEMEHThI, MUKPOJIEMEHTBI, HeHTpain3a-
LM [10YB.
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BIIVIMB ATMOC®EPHUX OIMNAAIB HA NTIPOLECK CAMOOYHIIEHHA
B INOBITPI IBAHO-®PAHKIBCHKOI OBJIACTI

[TixBuiiena KipKicTh MOJMIOTAHTIB i ra30BUX JOMIIIOK Y MOBITPi MPU3BOAUTH A0 3a0-
pynHeHHs aTMocdepHux omani. Ha aepo3onbHHX YacTHHKAX cOpOYIOTHCS HIiTpaTH i cynbda-
TH, 110 YTBOPIOIOTHCS BHACIIIOK HelTpai3arii a30THOI Ta cipyaHoi kucnoT. 3pobieHuii ana-
i3 onaziB Ha Teputopii IBaHO-PpankiBebkol oonacti y 2011-201%p. Ta npoBeaeHui aHati3
CaMOOYHCHOI 3JaTHOCTI aTMocepr CBiIUUTH MO 3MiHY IPOLECiB HATPOMAIKCHHS MIKiUTH-
BUX JIOMILIOK y TTOBITpI MpOLIecaMu PO3CiIOBAHHS Ta CAMOOUUIIICHHSI.

Kniouosi cnosa:. armoc(epa, 3a0pygHEHHs, ONajaH, MPOLECH CaMOOYHIIeHHS, byp-
mruacbka TEC, kapmaTepki mich.

[Mopanbunit po3BuTok Ha [IpukapnaTTi exonoriyHo-HeOe3NeYyHX BUAIIB Mpo-
MUCIIOBOCTI i HACHYEHHS aBTOMOOIJIbHUM TPAHCIIOPTOM MPU3BOIATH 10 3a0pyIHEHHS
aTMoc(epn. HeraTnBHa Iist uX HKepes MOCHITIOETHCA HacaMIepe ] Yepe3 iHTeHCHB-
Hy eKCIUTyaTalilo OCHOBHMX BUPOOHMYMX (OHAIB i pecypciB, 110 3HAYHO BUYEpHaIn
CBili TOTEHIIia], HEMOCKOHATICTh TEXHOJOTIUYHMX IMPOIECiB Ta HU3BKY SKICTH HO-
POXXHBOTO MOKPUTTA. TexHoreHHe 3a0pyIHEHHsI HABKOJIMIIHBOTO cepexoBumma [1pu-
kaprartst y 2012-2013p. 06yMOBIEHO HASBHICTIO Pi3HUX JDKEpeN eMiciii mooTaH-
tie (Bypwunceka TEC, IIAT "Hadroximik Ilpukapnarrs”, I[TAT "IsaHo-Dpan-
KiBCbKMI LeMeHTHHI 3aBoJ", Ha)TO-XiMiuHa MPOMMCIIOBICTb, PO3Tally’KeHa TpaH-
cropTHa cuctema). [linBuiieHa KibKicTh aepo30JIbHAX YACTOK i Fa30BUX JOMILIOK Y
MOBITpi MPU3BOOWTH 10 3a0pyAHeHHs atMocdepHux omaaiB. Onaau, BogHo4ac, 3a0-
PYIHIOIOTH TaKi KOMIOHEHTH JIaHAAQTY, K IPYHT, IOBEPXHEBi BOIOIMHU Ta JlicH.

Haii6inbum 3a0pynHioBadeM atMocdepHoro noBiTpst Ha IBaHO-DpaHKiBIIN-
Hi € bBypmtunceka TEC. Lle oauH 3 HaiiOinemmx 3abpynHioBadiB noBkimiss Kap-
MaTchKoro perioHy. Buknan enexrpocraHuii csratots 88,5 %Bin 3aransHoOT KijibKOC-
Ti BUKMIIB CTallioHapHUX Jukepes IBaHO-®pankiBcekoi obmacti. 3a 2011pik Byp-
mtuHebkoto TEC B atMocdepy BukuHyTo 372,63THC. T 3a0pyAHIOBAIbHUX PEUOBHH
[1]. OuninennHst AMMOBUX Ta3iB Bil 30JH 3AIUCHIOETHCS B €EKTPODIiNbTPax 3 MPOeK-
THUM TIOKa3HUKOM edektuBHOCTi ounneHHs 90 %.Yepe3 dizuuny Ta MopaibHy 3ac-
TapiNicTh eneKTpodinbTpiB iX edektrBHiCTL cTaHOBUTH 70-90 %.Okcun azoty Ta
CIpKM BUKHJIAIOTECS 6€3 OUMIIEHHS.
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