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PETIJUMU AKTUALITATE

Sobrid biomasas energétiskais potencials tiek 1&sts ap 10-14% no kop&ja
energijas patérina pasaulé (Putun, Ozcan, Gercel et al., 2011; Offermann,
Brunner, Barnthaler et al.,, 2011; Venkata, 2014). P&tfjjumi par atjaunojamo
energoresursu izmanto$anu ir aktuali visa pasaulg, t. sk. Eiropa un Latvija.

Jaunakajos pétijjumos daudzgadigo zalaugu izmanto$ana biokurinama
razoSanai tiek atzita par perspektivaku salidzinajuma ar viengadigajiem
kultiraugiem (Jasinskas, Zaltauskas, Kryzeviciene, 2008; Prochnow,
Heiermann, Pléchl et al., 2009). Rezultati liecina, ka kurinama siltumspgja ir
atkariga no zalaugu sugu daudzveidibas (Khalsa, 2013).

Saja pétijuma apskatita tikai neliela dala no daudzgadigo zalaugu sugu
biomasas veidiem, proti, — stiebrzales, kas tiek uzskatitas par daudzsolosako
atjaunojamo resursu avotu un kam piemit atbilstoSas energétiskas ipaSibas un
pietiekami augsta siltumspé&ja. Stiebrzalu biomasu var izmantot cietd kurinama
granulu un brikeSu razoSana. Stiebrzalu biomasas minuss ir augstais pelnu
iznakums; tapat tas fizikalas, mehaniskas un kimiskas ipasibas ir atkarigas no
Skirnes, augsnes un klimatiskajiem apstakliem, izmantoto méslosanas Iidzeklu
veidiem un daudzuma, augu blivuma un novaksanas laika. Svarigi ir noskaidrot
konkrétu stiebrzalu sugu biomasas energétisko Tpasibu atbilstibu vietéjiem
apstakliem, lai atrastu optimalo biomasas pielietojuma variantu (tira veida vai
maistjjumos) cietd kurinama razoSanai. Promocijas darba skaidrota Latvijas
apstakliem piemérotako stiebrzalu sugu izmantoSana biomasas maisjjumu
veidoSanai ar koksni un analizéta cietda kurinama energetiska vértiba, nemot
vera ar1 ekonomisko aspektu.

Bioenergetikas vajadzibam no zalaugu sugam piemérotakais ir
miezabralis (Phalaris arundinacea (L.) Raush.), niedru auzene (Festuca
arundinacea Schreb.), auzenairene (x Festulolium Asch & Graebn.), parasta
kamolzale (Dactylis glomerata L.) un citas stiebrzalu sugas.

Salidzinajuma ar citiem alternativo energiju veidiem granuléta zalaugu
biomasa var klGt par nozimigu kurinama avotu siltumenergijas razo$anai
Latvija. Pieméram, Latvija ir pietickami liels kurinamas koksnes izmantoSanas
potencials, tomér koksnes resursi nakotné var strauji sarukt, jo tie leni
atjaunojas (atkariba no kokaugu sugas vismaz 20-60 gadu laika). Stiebrzalem
ka atjaunojamam energijas avotam ir liels potencials, jo izmantoSanai noderiga
biomasa izaug viena vegetacijas sezona un to var apstradat un paterét
izaudzeSanas vieta. Stiebrzales siltumenergijas razo$anai Latvija gandriz netiek
izmantotas, tap€c promocijas darba ietvaros, lai iegiitu Latvijas apstakliem
optimala sastava un augstas energoietilpibas biokurinamo, autore pétija dazadu
proporciju (1/3, 1/1 un 3/1) koksnes un stiebrzalu biomasas maisfjumus granulu
razoSanai.

Darba hipotéze. Stiebrzalu biomasa un tas maisfjumi ar koksni péc
siltumtehniskajiem parametriem ir piemeroti cieta kurinama razosanai.
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Darba mérkis: novertet stiebrzalu biomasas izmanto$anas iesp&jas cieta
kurinama razoS$anai.
Darba uzdevumi:
1) izvertet stiebrzalu sugu razu, lietojot dazadas slapekla m&slojuma normas;
2) noteikt stiebrzalu biomasas siltumtehniskos parametrus un izvertét to
atbilstibu cieta kurinama razoSanai;
3) noskaidrot ieteicamas stiebrzalu un koksnes biomasas proporcijas granulu
veidoSanai;
4) noteikt energijas saturu stiebrzalu, koksnes un to maisijjumu biomasam un
novertét kurinama pasizmaksu.

Petijuma novitate:
e noteikta stiebrzalu sugu biomasas kvalitate kurinama razo$anai,
e pirmo reizi analizéta stiebrzalu un koksnes biomasu maisijumu proporciju
siltumtehnisko parametru atbilstiba cieta kurinama kvalitates prasibam.

Aizstavamas tezes:
. stiebrzalém ir labas energétiskas Ipasibas un pietickami augsta siltumspgja;
. stiebrzalu biomasu var izmantot cieta kurinama granulu un brikeSu
razoSanai;
. sarazotais energijas daudzums ir atkarigs no stiebrzalu un koksnes sugu
izvéles, ka ari no to proporcijas maisjjumos.

Pétljuma originalitate. Pirmo reizi no energétiska aspekta analiz&ta
méslojuma ietekme wuz stiebrzalu razu, sausnas Kkimisko sastavu un
energtiskajiem raditajiem, ka ari uz So stiebrzalu un koksnes biomasas
maisjjumiem, veidojot atSkirigas maisijumu proporcijas ar dazadu kokaugu
sugu koksném, un uz to atbilstibu biokurinama standarta kvalitates prasibam.

Pétijuma rezultatu praktiska un teorétiska nozimiba. Stiebrzaleém,
salidzinot ar kokaugiem, ir savs augSanas ritms, prasibas pret augSanas vidi un
méslojumu, un tas atkiras ar siltumtehniskajam 1pasibam, ko ietekmé izveleta
agrotehnika un novaksSanas veids. P&tfjuma iegiitie rezultati lauj pilnveidot
stiebrzalu audzéSanas tehnologiju atbilsto§i kurinama kvalitates prasibam,
pienemt precizaku l€mumu par attiecigas stiebrzalu sugas izvéli audz&Sanai
konkrétos agroklimatiskajos apstaklos un papildina zinaSanas par biokurinama
razoSanas procesa efektivitati. legiitie rezultati noder stiebrzalu un koksnes
granulu energ@tiska potenciala aprékiniem, nemot veéra, ka biomasas vertiba
mainas atkariba no stiebrzalu sugas, iestradata meslojuma un attieciga gada
meteorologisko apstaklu ipatnibam.

Ieguvums no pétijuma rezultatiem. P&tjjuma gaita uzkrata un aprakstita
pieredze laus paplaSinat stiebrzalu izmantoSanas spektru — ne tikai ka lidz Sim
tradicionali lauksaimnieciba lopbaribas ieguvei, bet v&l papildus arT



biokurinama razoSanai. leglitie rezultati uzskatami parada lietderigakos
stiebrzalu un koksnes biomasu maisijumu veidus un to proporcijas.

PETIJUMU APSTAKLI UN METODES

Lauka izméginajumi tika ierikoti Latvijas Lauksaimniecibas
universitates (LLU) macibu un p&tjjumu saimnieciba ,,Peterlauki” (56°53' N,
23°71'E) 2011. gada. Pettjums veikts laika no 2012. gada Iidz 2016. gadam.

Augsnes tips: velenu karbonatu (VK; sod calcareous soil) (Endocalcaric
Luvisol pec FAO Kklasifikacijas). Granulometriskais sastavs: smags puteklu
smil$mals. Augsnes agrokimiskie raditaji: pHkc 6.7 (LVS ISO 10390:2006);
organiskas vielas saturs — 21 g kg*!' (p&c Tjurina metodes; LV ST ZM 80-91);
fosfora saturs — 52 mg kg'! P,Os (zems); kalija saturs — 128 mg kg™! KO (vidgjs)
(pec Egnera-Rima metodes; LV ST ZM 82-97).

PriekSaugs bija vasaras miezi, audzeti divus gadus péc kartas ka
izlidzinoSs s€jums. Péc priekSauga novaksanas augsne tika uzarta rudeni 22 cm
dzili. Pavasari, augsnei sasniedzot fizikali mehanisko gatavibu, ta vispirms tika
noslikta, p&c tam — nokultivéta.

[zm&ginajumu ierikoja 2011. gada ar se$am stiebrzalu sugam: miezabralis
(Phalaris arundinaceae (L.) Raush.), Skirne ‘Marathon’; auzenairene (X
Festulolium Asch. & Graebn.), skirne ‘Vetra’; timotin$ (Phleum pratense L.),
Skirne ‘Teicis’; plavas auzene (Festuca pratensis Huds.), Skirne “Vaira’; niedru
auzene (Festuca arundinaceae Schreb.), skirne ‘Fawn’; un kamolzale (Dactylis
glometata L.), $kirne ‘Priekulu 30°.

Stiebrzalu sugu izs€jas norma bija 1000 digtsp&jigu séklu uz 1 m? ar
attiecigo daudzumu uz 1 ha: miezabralim — 10.0 kg, auzenairenei — 9.5 kg,
timotinam — 13.0 kg, plavas auzenei — 12.5 kg, niedru auzenei — 17.0 kg,
kamolzalei — 18.0 kg. Stiebrzalu sugas tika ies€tas bez virsauga, ar s§jmasinu
,,Hege-80” 2011. gada 10. maija.

Visam stiebrzalu sugam tika izmantoti $adi m&slojuma varianti: NOP>,Os0
K>00 — kontrole; P,Os80K>0120 kg ha' — pamatméslojums (F); un sesi
pamatmeéslojuma varianti ar slapekla meslojuma normam: F+30, F+60, F+90,
F+120, F+150 un F+180 kg ha' N. Mineralméslus stiebrzalu sgjas gada
nelietoja, bet izs€ja pavasari, vegetacijas sakuma, attiecigd zelmena
izmanto$anas gada.

Izmgginajuma kopa ierikoti 48 varianti. Laucina platiba — 10 m?, ar 2 m
platu sleju starp stiebrzalu sugam. Variantu izkartojums — randomizéts.

RazZas uzskaite un paraugu sagatavoSana. Razas uzskaiti pétijuma
vajadzibam saka veikt no 2012. gada (1. zelmena izmantoSanas gads).
Turpmakie zelmenu izmantoSanas gadi bija: 2013. gads — 2. zelmena
izmantoSanas gads; 2014. gads — 3. zelmena izmantoSanas gads; 2014. gads — 4.
zelmena izmantosanas gads; 2016. gads — 5. zelmena izmantoSanas gads. Razas
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uzskaite tika veikta, noplaujot zali 5—6 cm augstuma ar kombainu ,,Hans-Ulrich
Hege 212”7, un augu zalmasas svars tika nolasits elektroniski, nosakot katra
atkartojuma razu uz lauka.

Katrai sugai un méslojuma variantam tris atkartojumos tika nonemti
zalmasas paraugi, katrs 1.5-2.0 kg; tos sasmalcinaja 2-3 cm garos gabalinos.
Katram variantam sagatavoja paraugus ar 1 kg masu, ar precizitati £0.01 kg,
fizikalo un kimisko analizu veikSanai. Sausnas saturu zalmasas paraugos
noteica, zavejot tos 105 °C temperatiira.

Sausnas razas katra varianta tika izteiktas ka vidgjas aritmétiskas vértibas
no tris atkartojumiem un sava starpa salidzinatas ka absoliita novirze +(t ha™')
un relativa novirze (%). Slapekla meéslojuma ietekmes noskaidrosanai
méslojuma varianta faktiskas vertibas tika salidzinatas ar (1) kontroles variantu,
kura netika lictots m&slojums, un ar (2) fona variantu (P>0s80K,0120), kura
nebija izmantots slapekla meslojums.

Meteorologisko apstaklu raksturojums. Par laika periodu no 2011. gada
1. janvara lidz 2016. gada 31. decembrim tika izmantoti dati par gaisa
temperatiiru un nokriSnu daudzumu no LLU MPS ,Peterlauki” automatiskas
meteorologiskas stacijas. Kartgja gada meteorologisko datu salidzinasanai
izmantoja ilggad@jos vid€jos temperatiiras un nokriSnu datus (norma) no
Jelgavas meteostacijas.

Klimatiskie apstakli ietekm& stiebrzalu parziemoSanu un zelmena
ataugSanu, ka arT nosaka razas lielumu. ZiemoSanas perioda garums pa gadiem
svarstijas no 128 dienam 2013./2014. gada lidz 173 dienam 2012./2013. gada.
Piecu gadu perioda tikai divas ziemas bija ar negativu vidéjo gaisa temperatiiru.
Aukstaka ziema bija 2012./2013. gada, kad vid&ja gaisa temperatiira noslidgja
lidz 2.5 °C, savukart 2014./2015. un 2015./2016. gada ziemas bija vissiltakas,
kad vidgja gaisa temperatiira sasniedza vai parsniedza +1.0 °C.

Vegetacijas perioda nokri$nu daudzums 2011., 2012. un 2014. gada,
salidzinot ar normu, atbilda ilggadgji vid€ji noverotajam, bet 2013., 2015. un
2016. gada bija ievérojami mazaks par normu.

Cieta kurinama paraugu sagatavoSana. Cieta kurinama biomasas
granulas tika veidotas no samaltas stiebrzalu un koksnes biomasas. Granulu
veidoSanai tika izmantoti sausi pulvera maisijumi, kuri sastavéja no $adiem
komponentiem: stiebrzales (miezabralis, auzenairene, niedru auzene, timotins,
plavas auzene) un koksne (b&rzs (Betula pendula Roth.), karkls (Salix spp.),
baltalksnis (A/nus incana (L.) Moench), apse (Populus tremula L.) un
hibridapse (Populus tremuloides % Populus tremula)).

Koksnes biomasu — sausa pulvera veida, ar dalinu diametru <1 mm —
ieguva no Latvijas Valsts mezzinatnes institita (LVMI) ,,Silava”.

Stiebrzalu un koksnes pulveri sapresgja granulas ar rokas presi ,,JKA
Werke”.

Divkomponentu granulas veidoja ar $adu komponentu attiecibu:

(I) proporcija 1/3 (25% koksne + 75% stiebrzales);
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(II) proporcija 1/1 (50% koksne + 50% stiebrzales);
(IIT) proporcija 3/1 (75% koksne + 25% stiebrzales).

Par kontroli izmantoja vienkomponentu (100%) granulas no stiebrzalu un
koksnes pulvera.

Granulu energgtisko vertibu aprekinaja péc formulas (1):

Qkop :Qa'Ms’ (1)
kur Qop— kopéjais energijas daudzums, ko iegiist no 1 ha, MJ ha™';
Q. — biomasas sausnas augstaka siltumspgja, MJ kg'!;
M; —no 1 ha iegiitas biomasas sausnas masa, kg ha!.
Granulu energijas paSizmaksa tika aprékinata péc formulas (2):
P
Pe=——, )
1000-Q,
kur p. — ieglitas energijas paSizmaksa (rgkinot uz sausnu), Eur MJ;
P,,—1 tonnas biomasas sausnas ieguves paSizmaksa, Eur t'!;
Q. — biomasas sausnas augstaka siltumspgja, MJ kg!.

Lai novertétu stiebrzalu un koksnes biomasas un to maisjjumu granulu
piemé&rotibu izmanto$anai par cieto kurinamo siltumenergijas razo$anai, tika
veiktas kimisko un energétisko raditaju un ipaSibu analizes. Analizes veica
LLU Agronomisko analizu zinatniskaja laboratorija un Atkritumproduktu un
kurinama izp@tes un test€Sanas laboratorija ,,Virsma” ar metodém, kas
apkopotas 1. un 2. tabula.

1. tabula / Tablel
Kimisko 1pasibu analiZzu metodes /
Methods of the Analyses of Chemical Properties !
(LLU Agronomisko analizu zinatniska laboratorija / LLU Scientific Laboratory

of Agronomic Analysis)
Mer-
Raditaji / Parameters vieniba Metode / Method

/ Unit
Sausnas saturs / Dry matter Y Forage analyses, USA, met.
content °  [2.2.1.1:1993
Pelnu saturs / Ash content % ISO 5984:2002/Cor 1: 2005
Slapeklis (N) / Nitrogen % LVS EN ISO 5983-2:2009
Fosfors (P) / Phosphorus % ISO 6492; spektrometrijas metode /

spectrometry method

' LVS EN 14961-2:2011. Solid biofuels. Fuel specifications and classes.
Section 2: Wood pellets for industrial use.
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1. tabulas turpinajums /Table 1 continue

Meér-
Raditaji / Parameters vieniba Metode / Method
[ Unit
Kalijs (K) / Potassium % LVS EN ISO 6869:2002
CS-500 analizatora metode /
a 0,
Sers (8) / Sulphur & analyzer method
. CS-500 analizatora metode /
0
Ogleklis (C) / Carbon % analyzer method
Celuloze = ADF — lignins /
1)
Celuloze / Cellulose % Cellulose = ADF — lignin
Hemiceluloze / Y Hemiceluloze = NDF — ADF /
Hemicellulose ? Hemicellulose = NDF — ADF
Lignins / Lignin % LVS EN ISO 13906:2008

2. tabula / Table 2
Energétisko raditaju analiZu metodes /
Analyses Methods of Energetic Parameters *
(Atkritumproduktu un kurinama izp&tes un testé$anas laboratorija ,,Virsma” /
Laboratory of Testing and Research of Waste Products and Fuels ,, Virsma ")

Meér-
Raditaji / Parameters vieniba / Standarts / Standard
Unit
Mitruma saturs / Moisture content % ISO 589; LVS EN 14774
Pelnu saturs / Ash content % ISO 1171; LVS EN 14775
Hlors (Cl) / Chlorine % ISO 587; LVS EN 15105
Udenradis (H) / Hydrogen % ISO 625; LVS EN 15104

Augstaka siltumspéja (Qa) / Gross

-1 .
calorific value MJ kg ISO 1928; LVS EN 14918

Pelnu kusanas temperatiira
oksidgjosa atmosfera / Ash melting
temperature in oxidizing
atmosphere

°C ISO 540; LVS EN 15370-1

Petito stiebrzalu sugu biomasas kurinama fizikalas 1pasibas tika novertetas,
salidzinot ar prasibam, kas noteiktas standarta LVS EN 14961-2-2012 (LVS
EN ISO 17225-6:2014) miezabralim, bet koksnes biomasas kurinama fizikalas
Ipasibas tika salidzinatas ar prasibam, kas noraditas standarta LVS EN 14961—

2 LVS EN 14961-2:2011. Solid biofuels. Fuel specifications and classes.
Section 2: Wood pellets for industrial use.
9



6-2012 (LVS EN ISO 17225-2:2014) veseliem kokiem bez sakném, ka ari
koku stumbriem.

Datu matematisko apstradi veica ar ,Microsoft Excel for Windows
2000” un SPSS programmas pakettm. Ar S$im programmam iegiti arl
atbilstosie koeficienti, vienadojumi un grafiskie atteli.

Iegtitos petljuma rezultatus statistiski apstradaja, pielietojot aprakstosas
statistikas un variacijas statistikas pie 95% ticamibas Iimena, ka arT tika
izmantotas, korelacijas un faktoranalizes metodes. Veicot korelacijas analizi,
aprekinata empiriska butiskuma p veértiba. Faktoru ietekmes biitiskuma
novertéSanai izmantots biltiskuma Itmenis p<0.05. Lai noskaidrotu mainigo
faktoru ietekmi uz atkarigo faktoru, tika izmantota multiplas linearas regresijas
analize. Datu analize atainota ar linearas regresijas Itkném un vienadojumiem.
Slapekla méslojuma normas lieluma ietekmi uz energétisko augu produktivitati
novertgja ar linearas regresijas vienadojumiem un determinacijas koeficientu
(R?). Slapekla méslojuma normu ietekme uz stiebrzalu sausnas razu analizeta
un paradita polinomalo sakaribu veida attiecigo slapekla normu intervala (ayx
un byx) un aprakstita ar polinomu linearo definiciju apgabalu linearajiem
regresijas koeficientiem un atbilstosajiem linearajiem regresijas vienadojumiem.
Stiebrzalu un koksnes biomasas augstaka siltumspéja tika izmantota sarazotas
energijas daudzuma aprékiniem.

PETIJUMU REZULTATI

1. Méslojuma ietekmes uz stiebrzalu sausnas razu efektivitate

Visu pétijuma ieklauto stiebrzalu sugu razibu ietekmgja gan attieciga gada
klimatiskie apstakli, gan lietotais mineralmé&slojums.

Varianta bez méslojuma miezabrala sausnas raza izmantoSanas gados
vari€ja no 3.67 t ha'! Iidz 5.73 t ha’!, turklat ta palielindjas ar katru nakamo
izmanto$anas gadu; niedru auzenei sausnas raza bija no 4.23 t ha'l Iidz
5.51 t ha!, ar maksimalo raZu 4. izmantoSanas gada; auzenairenei — no
3.87 t ha! Iidz 4.51 t ha'!, ar raZas maksimumu 3. izmantoSanas gada;
timotipam — no 2.99 t ha'l Iidz 4.38 t ha!, ar augstako sausnas razu 3.
izmantoSanas gada; plavas auzenei — no 2.72 t ha! 1idz 4.01 t ha’!, ar razas
maksimumu 3. izmanto$anas gada; kamolzalei —no 5.18 t ha! [idz 5.27 t ha'!.

Slapekla méslojums visam stiebrzalu sugam pozitivi ietekm&ja sausnas
razas pieaugumu visos zelmena izmantoSanas gados, tacu ne vienmér razas
pieaugums bija biitisks vai ekonomiski izdevigs.

Slapekla mineralméslu variantos vid€ji zemako sausnas razas ltmeni
uzradija auzenairene (6.18 t ha™!), bet augstako sausnas razu — kamolzale
(9.62 t ha'!). Slapekla méslojuma lictoSana sticbrzalem vid&ji visos zelmena
izmanto$anas gados nodro$inaja $adus sausnas razas pieaugumus: kamolzalei —

10



3.48 t ha'! (+57%, salidzinot ar variantu bez slapekla m&slojuma), timotinam —
2.55 t ha!' (+51%), plavas auzenei — 2.33 t ha! (+52%), auzenairenei —
2.24 t ha' (+57%), niedru auzenei — 1.99 t ha! (+38%), miezabralim —
1.93 tha'! (+37%).

legiitie izméginajuma rezultati liecina, ka niedru auzene un auzenairene
bija atsaucigas uz slapekla meslojumu: palielinot slapekla normu, arT to sausnas
raza biitiski palielinajas (1. att.).
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Sausnas raza / Dry matter yield, t ha
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1. izmanto§anas 2. izmanto§anas 3. izmanto§anas 4. izmanto§anas 5. izmanto§anas
gads / 1st year of | gads / 2nd yearof | gads /3rd year of = gads/4th yearof | gads/ 5th year of
grass use grass use grass use grass use grass use
Zelmena izmantoSanas gads. un NPK normas. kg ha / Year of grass use, and NPK norms,
kgha

O Niedru auzene / Tall fescue @ Auzenairene / Festulolium

1. att. / Fig. 1. Méslojuma ietekme uz niedru auzenes un auzenairenes
sausnas razu. / Effect of fertilizer on dry matter yield of tall fescue and
festulolium.

Zelmena 1. izmantoSanas gada niedru auzenei bitisku (p<0.05) razas
palielingjumu novéroja, ja tika lietota 60 kg ha' N mé&slojuma norma, — tad
sausnas raza sasniedza 6.15 t ha'!. Turpmaka slapekla normas palielinasana lidz
180 kg ha' N sekmgja bitisku razas pieaugumu — pat 8.64 t ha'' sausnas. Arl
auzenairenei bitisks (p<0.05) sausnas razas pieaugums turpindjas Iidz
180 kg ha! N normai, nodroSinot 8.11 t ha' sausnas razas iegliSanu.
Turpmakajos gados lidz ar blivaka zelmena attistibu auzenairenei sausnas razu
>8.0 t ha'! ieguva ar mazakam slapekla normam, neka tas bija nepiecieSams
zelmena 1. izmantoSanas gada.

Niedru auzenei 2. zelmena izmantoSanas gada bitisku (p<0.05) razas
palielingjumu novéroja, lietojot 30 kg ha' N normu. Palielinot méslojuma
normu Iidz 60 kg ha! N, arT sausnas raza turpindja bitiski palielinaties. Tadu
talaka slapekla normas palielinaSana biitiskus razas pieaugumus nenodro$inaja.
Ar1 3. zelmena izmantoSanas gada niedru auzenei btisku sausnas raZas
picaugumu ieguva, lietojot slapekla meslojuma normas 30, 120 un 180 kg ha!
N. Ceturtaja zelmena izmanto$anas gada butisku (p<0.05) razas palielindgjumu
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ieguva, lietojot 60, 120 un 180 kg ha! N normu, savukart 5. zelmena
izmantoSanas gada biitisks razas palielinajums tika iegfits ar slapekla normam
60 un 120 kg ha' N.

Niedru auzenei 1. zelmena izmantoSanas gada, lai parsniegtu 8.0 t ha’!
sausnas razu, no agronomiska viedokla raugoties, jalieto augstas slapekla
normas (>150 kg ha! N). Sai stiebrzalei lidz ar zelmena vecumu, kad tas klaist
spécigaks un blivaks, jalieto 120 kg ha! N un vairak slapekla méslojuma, lai
notur&tu sausnas razu >8.0 t ha'!.

Ar polinomu linearo sadaliSanu tika noteikts faktoru mijiedarbibas efekts,
t.i., ka izmantoSanas gadi un fons ietekmé&ja slapekla méslojuma normu
paliclina$anas efektivitati un lidz kadam lielumam bija lietderigi kapinat
slapekla méslojuma normas (2. att.).
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¥ y5a, tha-1 e ylb, thal W y2b,thal A y3b tha-l
X y4b, t ha-1 X ySb,tha-1 ——— Linear (y 1a, t ha-1) Linear (y2a, t ha-1)

Linear (y3a, t ha-1) Linear (y4a, t ha-1)

Linear (y4b, t ha-1) —— Linear (y5b, t ha-1)

Linear (y Sa, t ha-1) Linear (y2b, t ha-1)

——— Linear (y3b, t ha-1)

Linearo sakaribu izmainas ar regresijas koeficientiem ayx un byx definicijas apgabalos: yla un
y1b — pirmaja zelmena izmantoSanas gada; y2a un y2b — otraja gada; y3a un y3b — treSaja gada; y4a
un y4b — ceturtaja gada; y5a un y5b — piektaja izmantosanas gada.

2. att. / Fig. 2. Slapekla normu palielinasanas efektivitate niedru auzenes
zelmenos. / Efficiency of increasing nitrogen fertilizer norms for tall fescue
sward.

Izmantojot linearos regresijas koeficientus, konstatgja, ka niedru auzene
1. zelmena izmantoSanas gada augstako slapekla efektivitati sasniedza ar
slapekla méslojuma normu 180 kg ha! N; 2. un 4. gada — ar slapekla normu
60 kg ha'! N; 3. gada — ar slapekla normu 30 kg ha! N; 5. izmantoSanas gada —
ar slapekla normu 120 kg ha'' N.
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Linearo sakaribu izmainas ar regresijas koeficientiem ayx un byx definicijas apgabalos: yla un
y1b — pirmaja zelmena izmanto$anas gada; y2a un y2b — otraja gada; y3a un y3b — treSaja gada; y4a
un y4b — ceturtaja gada; y5a un y5b — piektaja gada.

3. att. / Fig. 3. Slapekla normu palielinasanas efektivitate auzenairenes
zelmenos. / Efficiency of increasing nitrogen fertilizer norms for festulolium
sward.

Linearo koeficientu izvertéjums apstiprinaja iepriek§ konstatétas un
aprakstitdas sausnas razas picauguma biitiskuma svarstibas. Savukart
auzenairenei slapekla normu palielinaSanas augstaka efektivitate zelmena 1.
izmantoSanas gada tika sasniegta, lietojot 120 kg ha' N normu, 2. gada —
lietojot 30 kg ha! N, un no 3. lidz 5. zelmena izmantoSanas gadam — lietojot
60 kg ha! N normu.

Timotinam sausnas razu bitiski (p<0.05) paaugstinaja slapekla
méslojums (4. att.). Jau 30 kg ha! N norma lava sasniegt 5.86 t ha'! (+18%)
sausnas razu vidgji tris gados. Slapekla méslojuma norma 180 kg ha™! N fosfora
un kalija méslojuma fona vidgji tris gadu laika deva iesp&ju iegiit 8.60 t ha!
sausnas razu, kas bija 2.27 reizes vairak neka varianta bez méslojuma. Visos
tris timotina izmantoSanas gados varianta ar 180 kg ha! N normu tika ieguti
augstakie razas pieaugumi: no 2.70 t ha! (+47%) Iidz 4.59 t ha'! (+118 %).

Plavas auzene bija atsauciga uz slapekla méslojumu, kas lava bitiski
(p<0.05) paaugstinat sausnas razu. Ar katru slapekla normas soli, sakot no
30 kg ha! N, sausna raza bitiski palielindjas, un augstakais raditajs — 8.13 t ha"!
(vidgji tris zelmena izmantoSanas gados) — tika iegiits, lietojot slapekla normu
180 kg ha' N (4. att.).
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of grass use of grass use of grass use

Zelmena izmanto§anas gads, un NPK normas, kg ha' / Year of grass use, and NPK

noms, kg ha™
O Timotin$ / Timothy @ Plavas auzene / Meadow fescue O Miezabralis / Reed canary grass

4. att. / Fig. 4. Méslojuma ietekme uz timotina, plavas auzenes un
mieZabrala sausnas razu. / Effect of fertilizer on dry matter yield of timothy,
meadow fescue and reed canary grass.

Miezabrala sausnas razas maksimums tika iegfits, lictojot <60 kg ha! N
méslojuma normu visos izmantoSanas gados (4. att.); talaka normas
paaugstinasana nedeva biitisku razas pieaugumu.

Ar polinomu linearo sadaliSanu, izmantojot linearos regresijas
koeficientus, konstatgja, ka timotinam zelmena izmantoSanas gados slapekla
méslojuma augstakas efektivitates raditaji atSkiras: 1. zelmepa izmantoSanas
gada timotinam slapekla augstaka efektivitate tika iegiita ar slapekla normu
30 kg ha' N (5. att.), 2. gada slapeklis bija nepiecieS8ams krietni vairadk —
120 kg ha! N, bet 3. zelmena izmantoSanas gada augstaka efektivitate tika
sasniegta ar 60 kg ha'! slapekla normu.

Ar polinomu linearo sadaliSanu, izmantojot linearos regresijas
koeficientus, konstatgja, ka slapekla normu palielinasanas augstaka efektivitate
plavas auzenes zelmena 1. un 3. izmanto$anas gada tika iegiita, lietojot
30 kg ha'! N normu (6. att.), bet 2. izmantoSanas gada — lietojot 60 kg ha™! N.

Ar polinomu linearo sadaliSanu, izmantojot linearos regresijas
koeficientus, noskaidroja, ka miezabralim augstaka slapekla me&slojuma
efektivitate tika sasniegta ar 60 kg ha' N méslojuma normu 1. un 2. zelmena
izmantoSanas gada, bet 3. gada pietika ar 30 kg ha! N normu (7. att.).
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ylb — pirmaja zelmena izmantosanas gada; y2a un y2b — otraja gada; y3a un y3b — treSaja gada.

5. att. / Fig. 5. Slapekla normu palielinasanas efektivitate timotina

zelmenos. / Efficiency of increasing nitrogen fertilizer norms for timothy sward.
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Linearo sakaribu izmainas ar regresijas koeficientiem ayx un byx definicijas apgabalos: yla un
y1b — pirmaja zelmena izmantoSanas gada; y2a un y2b — otraja gada; y3a un y3b — tresaja gada.

6. att. / Fig. 6. Slapekla normu palielinasanas efektivitate plavas

auzenes zelmenos. / Efficiency of increasing nitrogen fertilizer norms for

meadow fescue sward.
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Linearo sakaribu izmainas ar regresijas koeficientiem ayx un byx definicijas apgabalos: yla un
ylb — pirmaja zelmena izmantosanas gada; y2a un y2b — otraja gada; y3a un y3b — treSaja gada.

7. att. / Fig. 7. Slapekla normu palielinasanas efektivitate mieZabrala
zelmenos. / Efficiency of increasing nitrogen fertilizer norms for reed canary
grass sward.

2. Slapekla méslojuma izmantoSanas efektivitate
stiebrzalu audze§ana

Stiebrzalém augstaka slapekla izmantoSanas efektivitate no 1 kg lietota
slapekla tika sasniegta, lietojot mazas slapekla normas — 30-60 kg ha'! N (8.
att.).

Lietojot vidgjas slapekla m&slojuma normas (90-120 kg ha! N), gandriz
visos gadijumos ieglitais sausnas daudzums samazinajas, iznemot timotinu 2.
izmantoSanas gada. Lielu slapekla méslojuma normu (150-180 kg ha! N)
lietosana stabili uzradija sausnas razas pieaugumu 1. zelmena izmantoSanas
gada. Iegitie rezultati liecinaja, ka no visam stiebrzalu sugam niedru auzene
bija visatsaucigaka uz slapekla meslojumu zelmena attistibas sakuma, kad
sausnas razas palielinasSanas no 1 kg lietota slapekla tika sasniegta, palielinot
slapekla normu visos devu lieluma Iimenos.

Pirmaja zelmena izmantoSanas gada timotin$ slapekli izmantoja labak, ja
tika lietotas mazas slapekla meslojuma normas, bet niedru auzenei augstaka
slapekla izmantoSanas efektivitate tika iegita, lietojot lielas slapekla normas.
Savukart 2. zelmena izmantoSanas gada abam stiebrzalu sugam slapekla
izmanto$anas efektivitate bija proporcionali apgriezta pozicija salidzinajuma ar
1. izmanto$anas gadu.
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8. att. / Fig. 8. Slapekla méslojuma efektivitate no 1 kg lietota N atkariba no
méslojuma normas. / Nitrogen fertilizer efficiency of 1 kg applied N
depending on fertilizer norm.

Miezabralim augstaka slapekla izmantoSanas — vidgji 37.2% — tika
konstatéta, lietojot 60 kg ha' N méslojuma normu.

Timotinam vid&ji divos gados, neskatoties uz slapekla izmantoSanas
atSkirtbam atseviSskos audzeéSanas gados, augstaka slapekla izmantoSanas
sasniedza 41.7-43.1% variantos ar slapekla normu 90-120 kg ha! N. Plavas
auzenei labaka slapekla izmantoSanas (41.8%) vidgji divos gados tika novérota
varianta ar 60 kg ha'' N normu.

3. Stiebrzalu biomasas kurinama kvalitates raditaju
novertésana

Mitruma saturs biomasa ir mainigs lielums, kas ietekm& kurinama
kvalitati un pasizmaksu. Lai samazinatu mitruma saturu, jaiegulda ievérojams
energijas daudzums, kas kurinama razo$anas procesa veido vienu no lielakajam
izdevumu pozicijam. P&tjjuma stiebrzalu biomasas mitrums pirms granul&$anas
vidgji bija 9.00% (no 8.10% plavas auzenei 11dz 10.40% auzenairenei), bet
koksnei — 7.82% (no 7.00% karklam lidz 8.50% hibridapsei un bérzam), kas
atbilda standarta prasibam. Mitruma saturs stiebrzalu un koksnes biomasu
maisTjumiem arT bija mazaks par 10%, turklat tas samazinajas Iidz ar koksnes
daudzuma palielinasanos. Pievienojot 1/3 koksnes, biomasas maisijumu
mitrums samazinajas vidéji par 5%; pievienojot pusi vai 2/3 koksnes,
maisTjumu mitrums samazinajas attiecigi par 15% vai 20%.
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Pelni veido sakusnus, ka rezultata atrak aizs€réjas degSanas kamera un
katla konvektiva dala, un Iidz ar to biezak javeic mehaniska tiriSana. Petjuma
tika konstatets, ka stiebrzalu biomasai vidgjais pelnu saturs bija robezas no 6.60%
timotinam lidz 8.05% niedru auzenei, kas ir tuvu literatfira minétajiem pelnu satura
raditajiem (Beidermann, Obernberger, 2005; Bakker, Elbersen, 2005). Vidgji
visos izméginajuma ieklautajos méeslojuma variantos pelnu saturs dazadiem
stiebrzalu biomasu veidiem bija: 8.05% niedru auzenei, 7.36% miezabralim, 7.27%
auzenairenei, 7.14% plavas auzenei un 6.60% timotinam.

Standarta prasibas noteikts, ka miezabrala biomasai pelnu saturs nedrikst
parsniegt 8.0%. Miezabralim >60 kg ha! N m&slojuma normas sekméja pelnu
satura samazinaSanos zem standarta noteiktajiem 8.0% abos zelmena

izmantoSanas gados. Auzenairenei un timotinam pelnu saturs bija mazaks par
8.0%.

$
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Hybrid aspen
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Gray alder Hybrid aspen Gray alder
Niedru auzene / Tall fescuc

Hybrid aspen

Timoting / Timothy
Apzim&jumi:
maistjums (koksne + stiebrzale) / mix (timber + grass) 3/1, 1/1, 1/3;
................. stiebrzalu biomasas pelnu saturs / ash content of grass biomass.

9. att. / Fig. 9. Pelnu saturs koksnes un stiebrzalu biomasam un to maisijumiem.
/| Ash content for grass and timber biomasses and their mixtures.
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Veikta regresijas analize liecinaja, ka pelnu saturs palielingjas lidz ar
kalija (R? = 0.86; p = 0.01), fosfora (R = 0.62; p = 0.01), hlora (R? = 0.71;
p = 0.01) un slapekla (R? = 0.74; p = 0.01) satura picaugumu biomasas sausna.
To var skaidrot ar apstakli, ka Sie elementi, biomasas kurinamajam sadegot,
veido pelnu sastava ietilpstoSus savienojumus (Vassilev, Vassileva, Song et al.,
2017).

Stiebrzalu un koksnes biomasas maisijumiem pelnu saturs samazinajas
proporcionali koksnes dalas pieaugumam, jo vidgji koksnes biomasai, salidzinot
ar stiebrzaleém, ir par 70-80% mazak pelnu. Stiebrzalu un koksnes biomasu sastava
analize liecindja, ka stiebrzalu biomasai ar 1/3 koksnes piejaukuma pelnu saturs
samazinajas par 20%, bet, piejaucot pusi vai 2/3 koksnes, pelnu saturs
samazinajas attiecigi par 40% vai 55%. Zemakais pelnu satura raditajs bija
auzenairenei un miezabralim maisfjuma 1/3 ar karklu — attiecigi 2.30% un
2.63%; niedru auzenei gan ar karklu, gan ar bérzu — 2.5%; timotinam ar
baltalksni — 2.9% (9. att.).

Vertgjot stiebrzalu piemérotibu kurinama razosanai, janem vera, ka pelnu
saturs var mainities gadu no gada, tacu proporcionalas izmainas saglabajas.
Novérojumi norada uz pelnu satura atkaribu no sugas un agrometeorologiskajiem
apstakliem.

Ogleklis (C) ir viens no kimiskajiem elementiem, kas nosaka no
kurinama iegiitas siltumenergijas daudzumu. Oglekla saturs augos ir svarigs
raditajs, jo tas ir degosais elements. Jo lielaks oglekla saturs augos, jo augstaks
sadegSanas siltums.

Oglekla saturs pétitajas stiebrzalés vidgji bija no 44.5% niedru auzenei lidz
45.3% timotinam. Miezabrala sausna C saturs vidgji bija 45.11% (no 42.69%
2013. gada I1dz 47.58% 2012. gada), savukart variantos bez meslojuma — vidgji
44.93% (attiecigi no 42.90% lidz 47.43%).

Koksnes paraugos augstakais oglekla saturs bija apsei (48.90%), bet
zemakais — berzam (46.10%). Oglekla saturs stiebrzalu izméginajuma 1. un 2.
izmantoSanas gada vari€ja no 42.00% plavas auzenei 2013. gada lidz 48.97%
timotinam 2012. gada.

Apkopojot ieglitos rezultatus, redzams, ka variantos, kur slapekla
méslojuma norma bija >120 kg ha™! N, oglekla saturs vid&ji bija lielaks par 45%.

Augstakie oglekla satura raditaji maisjjuma 1/3 bija auzenairenei ar karklu
un miezabralim ar baltalksni — attiecigi 46.6% un 46.9%. Savukart zemakie
raditaji bija auzenaienei maistjuma 3/1 ar hibridapsi un miezabralim maisjjuma
3/1 ar karklu — attiecigi 43.7% un 43.4%.

Udenraza (H) saturs kurinamaja nosaka ta siltumspgju: jo vairak
iidenraza, jo lielaka augstaka siltumspgja.

Udenraza saturs analiz&tajos koksnes un stiebrzalu paraugos attiecigi bija
robezas no 5.48% timotinam Iidz 5.93% niedru auzenei un no 6.39%
baltalksnim 1idz 6.83% bérzam. Udenraza saturs pétitajam stiebrzalu sugam
vid&ji bija par 6% mazaks neka koksnes biomasas paraugos. Kopuma tidenraza
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saturs pétitajas biomasas bija lidzigs. Stiebrzalés H satura izmainas bija 10%
robezas. Udenraza saturs vidgji augstaks bija koksnes biomasa.

Dazu stiebrzalu, tadu ka auzenairenes, miezabrala un niedru auzenes,
biomasas H/C attieciba (1.51—1.52) bija lidZiga apses, hibridapses un baltalksna
biomasas H/C attiecibai (1.52). Visaugstakais raditajs bija karklam un b&rzam —
1.54. Apses maisijumos ar stiebrzalem H/C palielinajas Iidz ar koksnes
daudzuma palielinasanos, tacu tas bija tikai 0.5-2%.

Udenraza un oglekla saturs norada uz kurinama energoietilpibu, ko
raksturo So elementu atomara attieciba H/C. Jo vairak tGdenraza attieciba pret
oglekli, jo zemaka oksideéSanas pakape un jo vairak energijas izdalas
oksidésanas reakcija. Tatad — jo augstaka atomara H/C attieciba, jo vairak
energijas izdalisies, kurinamajam sadegot. Lignocelulozes biomasai H/C
attieciba vidgji bija 1.5 (Lehmann, Joseph, 2009). Saja pétijuma no stiebrzaleém
visaugstaka H/C attieciba — 1.52 — bija niedru auzenei, bet viszemaka — 1.45 —
plavas timotinam. No koksnes biomasam visaugstaka H/C attieciba bija
bérzam — 1.54. Kopuma pétitajam biomasam H/C attieciba krasi neatSkiras, un
vid&ja H/C attieciba stiebrzalém bija par 2.3% zemaka neka koksném.

Slapeklis (N), sadegot kurinamajam, veido gaistoSus slapekla
savienojumus, kas ar neattiritam dimgazém nonak atmosfera, tade] augu
biomasa ka kurinamaja tam nevajadzétu parsniegt 0.6% robezu (Obernberger,
Brunner, Barnthaler, 2006). Savukart standarta LVS EN 14961-2-2012 (LVS
EN ISO 17225-6:2014) noteikts, ka slapekla saturs sausna nedrikst parsniegt
2.0%.

Stiebrzalém slapekla saturs atkariba no sugas un gada bija robezas no
0.63% plavas auzenei 2012. gada lidz 2.59% plavas auzenei 2013. gada. Vidgji
visos izméginajuma ierikotajos mé&slojuma variantos slapekla saturs plavas
auzenei bija 1.71%, timotinam — 1.32%, auzenairenei — 1.18%, miezabralim —
1.13%, niedru auzenei — 1.05%.

Slapekla saturs koksnes paraugos vari€ja no 0.3% lidz 0.6%, bet
miezabralim un auzenairenei tas attiecigi bija 1.3% un 1.1%.

Koksnes wun stiebrzalu maistjumos slapekla saturs palielinajas,
palielinoties stiebrzalu proporcijai taja. Maisfjumu proporcija 3/1 (75% koksne
+ 25% stiebrzales) slapekla saturs palielingjas vidg€ji par 23%, bet proporcijas
1/1 (50% koksne + 50% stiebrzales) un 1/3 (25% koksne + 75% stiebrzales) —
attiecigi par 36% un 56%.

Fosfors (P), lidzigi kalijam, biomasai sadegot, veido vienkarSus salus, kas
ietilpst pelnu sastava.

Fosfora saturs atkariba no gada un stiebrzalu sugas bija robezas no 0.20%
timotinam un plavas auzenei 2012. gada lidz 0.47% plavas auzenei 2013. gada.
Vidgji visos izméginajuma ierikotajos méslojuma variantos fosfora saturs
plavas auzenei bija 0.34%, miezabralim un auzenairenei — 0.28%, niedru
auzenei — 0.27%, timotinam — 0.26%. Savukart vidgji visos slapekla
mineralm@slu variantos fosfora saturs stiebrzalu biomasa bija: 0.35% (+9%,
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salidzinot ar variantu bez slapekla méslojuma) plavas auzenei, 0.28% (+17%)
auzenairenei, 0.28% (—3%) miezabralim, 0.26% (attiecigi —7% un —10%)
timotinam un niedru auzenei.

Kalija (K) saturs ir butisks biomasas kvalitates raditajs, jo sarmu metali
(kalijs un natrijs) samazina pelnu kuSanas temperatiiru, kas savukart izraisa
izdedzu slana veidoSanos uz sadedzinasanas iekartu sienam.

Stiebrzalém kalija saturs atkariba no sugas un gada bija robezas no 1.37%
plavas auzenei 2012. gada Iidz 3.69% plavas auzenei 2013. gada. Vidgji visos
izm&ginajuma ierikotajos méslojuma variantos kalija saturs plavas auzenei bija
2.69%, auzenairenei — 2.61%, timotinam — 2.52%, niedru auzenei — 2.45%,
miezabralim — 2.21%.

Korelacijas analize liecinaja, ka pastavéja vaja pozitiva saistiba starp K
saturu augos un méslojuma normu (r = 0.31; p = 0.1).

Vidgji visos slapekla mineralmeslu variantos stiebrzalu biomasa kalija
saturs bija: 2.70% plavas auzenei, 2.66% auzenairenei, 2.55% timotinam,
2.50% niedru auzenei un 2.33% miezabralim.

Kalija saturu vairak ietekmé&ja konkréta gada meteorologiskie apstakli.
Nokri$niem bagataja 2012. gada stiebrzalu intensivas vegetacijas perioda kalija
saturs stiebrzalu biomasa atkariba no sugas vari€ja no 1.37% plavas auzenei
lidz 2.31% niedru auzenei, bet sausaja 2013. gada — no 1.95% miezabralim lidz
3.69% plavas auzenei. Tas tikai apstiprina citu petnieku domu, ka palielinats
augsnes mitrums samazina kalija uzkrasanas procesu augos (Nutalapati, Gupta,
Moghtaderi et al., 2007).

Sérs (S) ir viens no nevélamiem elementiem, jo izraisa kurinasanas
iekartu koroziju. S€ra saturs augos, taja skaita stiebrzal€s, ir loti mainigs.

Saja pétijuma séra saturs stiebrzalu biomasa bija robezas no 0.036%
timotinam 2012. gada Iidz 0.180% timotinam 2013. gada. S@ra saturs
analiz&tajos stiebrzalu sugu paraugos vidgji bija 0.013%, bet koksnei — vid&ji
0.029%, un §Ts veértibas neparsniedza standartos noteiktos raditajus. Koksnes un
stiebrzalu maisijumos s€ra saturs salidzinajuma ar tiras koksnes biomasas
paraugiem vidgji palielinajas par 37% proporcijai 3/1, par 39% proporcijai 1/1
un par 53% proporcijai 1/3.

Hiors (Cl), lidzigi séram, izraisa iekartu koroziju (Rosendahl, 2013).

Hlora saturs koksnes un stiebrzalu biomasas paraugos bija attiecigi 0.008—
0.012% un 0.50-0.74%. Hlora saturs stiebrzalu biomasa bija 2.5-3.5 reizes
augstaks par standarta LVS EN 14961-6-2012 pielaujamo 0.2% robezu.
Savukart koksnes biomasu paraugos hlora saturs bija 1.5-2.5 reizes zemaks par
standarta LVS EN 14961-2-2011 noteikto 0.02% robezu. P&tljumu rezultati
liecinaja, ka hlora saturs stiebrzalés ir ieverojami augstaks neka koksné.
Stiebrzalu biomasa hlora saturs bija no 0.50% auzenairenei lidz 0.74%
miezabralim. Koksnes biomasas paraugos viszemakais hlora saturs tika
konstatets apsei (0.008%), bet visaugstakais — karklam un b&rzam (0.012%).
Stiebrzalu un koksnes maisijumos hlora saturs samazinajas, palielinoties
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koksnes daudzumam, jo Cl satura zina koksnes un stiebrzalu biomasas atSkiras
vairak neka 10 reizes. Zemakie hlora satura raditaji tika konstateti maisijuma
proporcijai 1/3: auzenairenei ar bérzu — 0.18%; miezabralim ar hibridapsi —
0.25%; niedru auzenei ar baltalksni un timotinam ar baltalksni — attiecigi 0.22%
un 0.17%.

Pec hlora satura viszemakais izdedzu veidoSanas potencials ir koksnes
biomasai, jo Cl saturs taja ir zemaks. Analiz€tajos maisijumos zemakas vid&jas
Cl satura vertibas bija auzenairenei un miezabralim.

4. Biomasas kurinama sadegSanas parametri

No kurinama iegiito siltumenergiju raksturo augstakas siltumspéjas (Q.)
raditajs.
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Niedru auzene / Tall fescue Timotins / Timothy
Apzimgjumi:

maisijums (koksne + stiebrzale) / mixture (timber + grass) 3/1, 1/1, 1/3,
stiebrzalu biomasas pelnu saturs / ash content of grass biomass.

10. att. / Fig. 10. Augstaka siltumspé€ja koksnes un stiebrzalu biomasam un
to maistjumiem. / Gross calorific value of grass and timber biomasses and their
mixtures.
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Stiebrzalu biomasai lielaka Q. vertiba tika konstatSta timotinam -
16.9 MJ kg, kas ir par 1.2-2.3% mazak neka hibridapsei, kurai no visam
petijuma ieklautajam koksném bija zemakais augstakas siltumsp&jas raditajs,
vai par 9.6% mazak neka berzam, kuram bija augstaka Q. vertiba. Savukart
zemaka Q, vertiba bija niedru auzenei — 15.2 MJ kg, kas bija par 11.1-12.6%
mazak neka hibridapsei un par 18.7% mazak neka b&rzam. Koksnes un
stiebrzalu biomasas maisfjumos augstaka siltumspé&ja palielinajas, palielinoties
koksnes proporcijai maisijuma (10. att.). Augstakas siltumsp&jas vértibas
maisTjuma attiecibai 1/3 (25% koksne + 75% stiebrzales) bija no 15.8 MJ kg'!
niedru auzenes maisTjumam ar apsi un hibridapsi 1idz 17.3 MJ kg timotina
maistjumam ar karklu, baltalksni un bérzu, bet maisijuma attiecibai 3/1 (75%
koksne + 25% stiebrzales) augstakas siltumspé&jas vertibas bija no 16.8 MJ kg-!
niedru auzenes maisTjumam ar hibridapsi lidz 18.3 MJ kg' timotina
maistjumam ar berzu.

Korelacijas analizg tika konstateta nozimiga (p = 0.01) negativa augstakas
siltumspéjas korelacija ar pelnu saturu (R> = 0.45) un Cl (R* = 0.47), bet
korelacija ar ligninu bija pozitiva (R? = 0.46).

Pelnu kuSanas temperatiiru raksturo Cetras fazes: deformacijas sakuma
temperatiira (DT), kuSanas sakums (ST), hemisferas punkts (HT) un plasanas
temperatiira (FT), kad izkususie pelni izplust pa virsmu. Starp stiebrzalu sugam
augstaka DT bija miezabralim — 1245 °C; par&jam sticbrzalém ta bija robezas no
1020 °C Iidz 1120 °C. Koksnes biomasai DT bija robezas no 1390 °C lidz
1460 °C. Tika izverteta koksnes un stiebrzalu maisjjumu deformacijas sakuma
temperatiiru starpiba koksnes un koksnes-stiebrzalu maisjjumu biomasam.
Konstatéts, ka miezabrala pievienoSana koksnes biomasai samazinaja biomasas
maistjuma DT vidgji tikai par 14%. Timotina, auzenairenes un niedru auzenes
pievienoSana koksnei samazindja iegiitd maistjuma DT attiecigi par 26%, 28%
un 39%. Korelacijas analize nenoradija uz saikni starp pelnu kuSanas
temperatiiru un citiem noteiktajiem parametriem.

Petnieki dazadas pelnu kuSanas temperatiiru atSkiribas skaidro ar
stiebrzalu kimisko sastavu, kas augstas temperatiiras ietekm& var izraistt
zinamas kimiskas reakcijas pat vienas sugas ietvaros (Kakitis, Smits, Belicka,
2009). Konstatéts, ka, palielinoties kalija oksida saturam, samazinas ari pelnu
kusanas temperatiira (Kalnac¢s, Grehovs, Grigale u.c., 2008).

5. Biomasas kurinama izejvielu energétiska vértiba

Pétitajam stiebrzalu sugam iegitais energijas daudzums bija tie$i atkarigs
no stiebrzalu razibas. Vislielakais energijas daudzums no visam stiebrzalu
biomasam 2012.-2013. gada tika iegits: no 120.7 GJ ha™! niedru auzenei lidz
146.8 GJ ha'! timotinam varianta F+N180. Nelietojot méslojumu, iegiitais
energijas daudzums dazadam stiebrzalu sugam vari€ja no 49.0 GJ ha'!' plavas
auzenei 1idz 67.2 GJ ha! miezabralim. Fosfora un kalija méslojuma varianta
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iegiitais energijas daudzums bija robezas no 69.3 GJ ha! plavas auzenei (+41%,
salidzinot ar kontroles variantu) 1idz 79.3 GJ ha'! (+19%) auzenairenei.
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O maistjums 1/1 (koksne 50% + stiebrzale 50%) / mix 1/1 (timber 50% + grass 50%)
[ maistjums 1/3 (koksne 25% + sticbrzale 75%) / mix 1/3 (timber 25% + grass 75%)
Koksnes un stiebrzalu biomasas / Timber and grass biomass
11. att. / Fig. 11. Teguita energijas raza no koksnes un stiebrzalu biomasu
maisijumiem. / Energy yield from grass and timber biomass mixtures.

Slapekla méslojums sekmgja ne tikai sausnas razas pieaugumu, bet arl
ieglito energijas daudzumu. Vidgji visos slapekla normu variantos iegiitais
energijas daudzums bija no 103.5 GJ ha! niedru auzenei lidz 126.8 GJ ha’!
timotinam, ar attiecigu ieglitas energijas pieaugumu no 33% lidz 64%. Vidgji
2012.-2013. gada visvairak energijas (11. att.) tika sarazots, maisot karklu
(visaugstaka produktivitate no pétijjuma izmantotajam koksném) ar katru no
stiebrzalu sugam attiecibu proporcija 3/1 (75% koksne + 25% stiebrzales), t.i.,
ar koksnes parsvaru, kas lava parsniegt 140 GJ ha': no 141.9 GJ ha'! maisijuma
ar niedru auzeni lidz 146.4 GJ ha'! maisTjuma ar timotinu. Samazinoties
koksnes Ipatsvaram biomasu maisijuma, attiecigi samazinajas ne tikai ta
augstaka siltumspgja, bet ari sarazotais energijas daudzums.
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6. Biomasas kurinama izejvielu raZzoSanas izmaksas

Saja promocijas darba pétito zalaugu audzesanas agrotehniskie panémieni
bija vienadi un salidzinami, lai novértétu to ietekmi uz zalaugu produktivitati
un konstatétu atSkiribu nianses atskirigos méslojuma variantos. Savukart
koksnes biomasas ieguves izmaksas tika iegiitas, pamatojoties uz literatiira
atrodamajam noradém.

Salidzino$s apkopojums par vidg€jam stiebrzalu un koksnes biomasu
iegiSanas izmaksam paradits 12. att€la. Ka rada aprekinu rezultati, vid&ji gada
vismazak izdevumu — 122.82 EUR ha’! — stiebrzalu biomasas ieguvé bija
varianta, kad netika lietots m&slojums (nemot v&ra izmantosanas ilgumu — 10
gadus), kas ir saistits ar zelmena atjaunosSanas biezumu. Fona (P80K120)
méslojuma varianta izdevumi veidoja 347.82 EUR ha’!, bet fona varianta ar
slapekla méslojumu — no 394.22 EUR ha™! (ar slapekla normu 30 kg ha'! N) lidz
551.20 EUR ha! (ar slapekla normu 180 kg ha' N). Stiebrzalu audzeSanas
agrotehnika méslojums ne tikai nodrosina sausnas razas pieaugumu, bet rada ar1
papildu izdevumus, kas sadardzina produkcijas pasizmaksu.
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12. att. / Fig. 12. Videjas viena gada izmaksas (EUR ha™) stiebrzalu
biomasas (lietojot atSkirigas méslojuma normas) un koksnes biomasas
razoSanai. / Average annual costs (EUR ha') for the production of timber

biomass and the biomass of grasses applying different fertilizer norms.

Lai novértétu koksnes pasizmaksu promocijas darba vajadzibam, katram
koksnes veidam tika izmantotas izmaksu augstakas vertibas, kuras attiecinaja
uz doto koksnes razoSanas aprites ciklu (karklam, hibridapsei un baltalksnim —
20 gadi; berzam — 40 gadi) ka vidgjas vertibas uz vienu gadu, lai varétu tas
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salidzinat ar stiebrzalu razoSanas izmaksam, jo stiebrzalu sausnas razu iegiist
katru gadu, bet koksni — tikai periodiski. BaltalkSna apsaimniekoSanas
izdevumus aprékinaja ka vidgjo vertibu no karkla, berza un hibridapses
maksimalajam vertibam. Balstoties uz $o pien€mumu, kopg&jas izmaksas aprites
cikla energétiskas koksnes biomasas ieguvei karklam bija 6574.75 EUR ha'!
(vidgji gada 328.74 EUR ha!), berzam — 7515.70 EUR ha™! (vid&ji gada 187.89
EUR ha'!), hibridapsei — 9891.50 EUR ha'! (vid&ji gada 494.58 EUR ha'),
baltalksnim — 6899.43 EUR ha'! (vid&ji gada 344.97 EUR ha'). Apréekini
liecina, ka analiz€tajam stiebrzalu un koksnes biomasam bija zema energijas
pasizmaksa (< 0.8 eirocenti kWh'). No analizétajam koksném augstaka
energijas paSizmaksa bija hibridapsei, bet zemaka — bérzam: attiecigi 0.8 un
0.28 eirocenti kWh-!. Savukart stiebrzalu sugam energijas paSizmaksas bija
lidzigas: no 0.69 lidz 0.74 eirocentiem kWh-' (13. att.).
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13. att. / Fig. 13. legiitas energijas pasizmaksa stiebrzalu un koksnes
biomasam. / The cost price of resulting energy for grass and timber biomasses.

Augstaka energijas paSizmaksa tika konstatéta variantos, kad stiebrzalu
audz&$ana izmantoja fosfora un kalija mineralméslus, proti, 80 kg ha™! P,Os un
120 kg ha'! KO palielindja biomasas energijas paSizmaksu vidgji 2.27 reizes
(no 1.96 reizém plavas auzenei Iidz 2.59 reiz€m miezabralim), salidzinot ar
kontroles variantu. Fosfora un kalija mé&slojumu papildinot ar slapekli, no
stiebrzalu biomasas iegiitas energijas paSizmaksa samazinajas. Lielakais
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energijas paSizmaksas samazinajums (20%) bija timotinam, sakot ar 90 kg ha'!
N normu, salidzinajuma ar variantu bez slapekla méslojuma lietoSanas.
Savukart niedru auzenei neatkarigi no lietotas slapekla normas iegiitas energijas
pasizmaksas bija Iidzigas: 0.12—-0.13 eirocenti par kWh.

Veidojot koksnes un stiebrzalu biomasu maisijumus, zemaka energijas
paSizmaksa bija karkla un bérza koksnes maisijumiem ar stiebrzalém: 0.06—
0.10 eirocenti par kWh (14. att.). No baltalkSna un stiebrzalu maisjjumiem
ieglitas energijas paSizmaksa bija robezas no 0.09 Iidz 0.10 eirocentiem par
kWh, no hibridapses maisijumiem ar stiebrzalem — ap 0.10 eirocenti par kWh,
un no apses maisijumiem ar stiebrzalém — 0.11-0.12 eirocenti par kWh.

Apkopojot zalaugu augstakas siltumspgjas (Qa) un energijas pasizmaksas
rezultatus, tika konstatéta Sada tendence: jo augstaka siltumspgja, jo 1ctaka
energija (15. att.).
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14. att. / Fig. 14. Tegiuita energijas paSizmaksa koksnes biomasas
maisijumiem ar stiebrzalem (vidéji 2012.-2013. g.). / The cost price of
resulting energy for timber biomass mixtures with grasses
(average in 2012-2013).

Salidzinot visas pétitas stiebrzalu sugas, zemaka energijas pasizmaksa un
lielakais augstakas siltumenergijas raditdjs bija timotinam: attiecigi
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3.68 EUR GJ! un 16.88 MJ kg''. Liels augstakas siltumspgjas raditajs bija arl
auzenairenei — 16.46 MJ kg!, kas bija Iidzigs mieZabrala augstakai
siltumspéjai — 16.36 MJ kg''; Iidz ar to arl iegiitas energijas paSizmaksas bija
lidzigas: attiecigi 3.91 un 3.87 EUR GJ!. Viszemaka augstaka siltumspéja tika
konstat€ta niedru auzenes un plavas auzenes biomasai — attiecigi 15.24 un
15.71 MJ kg'!, savukart energijas paSizmaksa $§Im sticbrzalem attiecigi bija par
13% un 19% lielaka neka timotinam (ar viszemako energijas pasizmaksu).
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15. att. / Fig. 15. Stiebrzalu biomasas paSizmaksa (EUR GJ™!) atkariba no
augstakas siltumspé&jas (videji 2012.-2013. g.). / The cost price of grass
biomass (EUR GJ') depending on gross calorific value

(average in 2012-2013).

SECINAJUMI

1.  Slapekla mineralmeslojuma efektivitate bija atSkiriga gan dazadam
stiebrzalu sugam, gan dazados zelmena izmantoSanas gados. Visos
izm&ginajuma variantos sausnas raza stiebrzalém 1. izmantoSanas gada
vid&ji bija 6.08 t ha’!, 2. izmantoSanas gada ta palielindjas par 7%, 3.
izmanto$anas gada — par 11%, 4. izmantosanas gada — par 18%, un 5.
izmantoSanas gada — par 14%. Slapekla méslojuma normu efektivitates
atSkirtbas pa zelmena izmantoSanas gadiem apstiprina polinomu
sadalfjuma linearie regresijas koeficienti.
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Augstaka sausnas raza no 1 kg N tika iegiita no kamolzales un plavas
auzenes, attiecigi vidgji 60.4 kg un 29.0 kg, ja tika lietota slapekla
méslojuma norma 30 kg ha™! N. Savukart 60 kg ha! N norma paaugstinaja
sausnas razu no 1 kg lietota N auzenairenei lidz 36.48 kg, timotinam lidz
30.5 kg, miezabralim 11dz 30.20 kg un niedru auzenei 1idz 24.4 kg.
Slapekla izmantoSanas efektivitate no mineralmesliem sausnas razas
ieguvei, lietojot 90 kg ha' N meslojuma normu, vidgji bija 61.3%
timotinam, 50.6% auzenairenei, 41.7% plavas auzenei un 28.0% niedru
auzenei; lietojot 60 kg ha! N normu, slapekla izmantoSanas efektivitate
miezabralim vid&ji veidoja 40.3%.

Augstakas stiebrzalu sausnas razas no 1 kg NPK ieguva méslojuma
varianta N60P20s80K>0120 kg ha'!: kamolzalei — 34.7 kg, mieZzabralim —
27.0 kg, auzenairenei — 26.6 kg, timotinam — 26.1 kg, niedru auzenei —
25.8 kg, plavas auzenei — 23.9 kg.

Pelnu saturs stiebrzalem neparsniedza 8.92% pirmaja zelmena
izmantoSanas gada un 7.91% otraja izmantoSanas gada. Mazakais pelnu
saturs koksnes un stiebrzalu maisijuma proporcija 3/1 bija karklam ar
auzenaireni un miezabrali (2.30-2.63%) un karklam un b&rzam ar niedru
auzeni (2.5%).

Lielaka augstaka siltumspgja stiebrzalem tika konstatéta no 15.24 MJ kg!
niedru auzenei lidz 16.88 MJ kg' timotinam. Lielaka augstaka
siltumspgja (>18.0 MJ kg'') biomasu maisTjumiem bija bérzam un
karklam maisTjuma ar miezabrali, auzenaireni un timotinu proporcija 3/1
(75% koksne + 25% stiebrzales).

Augstaka pelnu kuSanas sakuma temperatira (DT) bija miezabralim
(1240 °C), savukart koksnes un zalaugu biomasu maisijumiem augstakas
DT veértibas (lielakas par 1100 °C) tika konstatetas, kad koksnei
pievienoja miezabrali, auzenaireni vai timotinu.

Sarazotais energijas daudzums stiebrzalém bija robezas no 93.6 GJ ha!
plavas auzenei lidz 112.1 GJ ha'! timotinam. No stiebrzalem iegiitais
energijas daudzums vidgji bija par 21% mazaks nekda no koksnes
sarazotais. Veidojot koksnes maisljumus ar stiebrzalu sugam, vairak
energijas tika ieglts no niedru auzenes un timotina maisijumiem ar
koksni proporcija 3/1 (75% koksne + 25% stiebrzales): 141.9—
146.4 GJ ha''.

Stiebrzalu sugam energijas paSizmaksa bija robezas no 0.69 lidz
0.74 eirocentiem kWh!, bet koksnei — no 0.28 eirocentiem kWh! bérzam
lidz 0.8 eirocentiem kWh-!' hibridapsei. Koksnes un stiebrzalu biomasu
maisTjumiem energijas paSizmaksa varigja no 0.06 eirocentiem kWh'!
karkla un Dberza koksnes maistjumiem ar stiebrzalem Iidz
0.12 eirocentiem kWh'! apses maisijumiem ar stiebrzalem. Energijas
pasSizmaksu stiebrzalem ietekmgja arT mineralméslojuma normas.
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PRIEKSLIKUMI

1.  Paplasinot stiebrzalu izmantosanas spektru — ne tikai tradicionali
lopbaribai (zalmasa, siens, skabbariba, zales milti), bet arT energétika
(biogaze, kurinamais) — un izvertgjot stiebrzalu biomasas siltumtehniskos
raditajus, tika apstiprinata hipotéze: stiebrzales ar labam sekmém var
izmantot ka cieta kurinama izejvielu, kas atbilst Latvijas standartu
prasibam.

2.  Ta ka koksnes biomasa ir leéni augoSa un to var ieglt periodiski, bet
stiebrzalu biomasu var razot ik gadu, tad ar stiebrzalu biomasas
izmantoSanas  potenciala  palidzibu iesp&ams dal€ji  atrisinat
nepiecieSamos biomasas resursus (ka izejvielu) siltuma energijas
razo$anai.

3. Kurinama izejvielu iegtsSanai stiebrzalu un koksnes biomasu maistijumu
ieteicams veidot, pievienojot tam lidz 25% stiebrzalu biomasas.

4.  legitie siltumtehniskie parametri norada, ka perspektivakas stiebrzales
cieta kurinama ieguvei ir kamolzale, miezabralis, timotin§ un auzenairene,
tade] ieteicams tas izmantot ka piedevas koksnes granulu razoSana.

THE TOPICALITY OF THE RESEARCH

At present, the energy potential of biomass is estimated to be around 10-
14% of the world's total energy consumption (Putun, Ozcan, Gercel et al., 2011;
Offermann, Brunner, Barnthaler et al., 2011; Venkata, 2014). Research on the
use of renewable energy sources is current worldwide, incl. Europe and Latvia.

In recent studies, the use of perennial grasses for the production of biofuel
is considered to be more promising than annual crops (Lewandovski, Scurlock,
Lindvall et al., 2003; Jasinsk, Zaltauskas, Kryzeviciene, 2008; Prochnow,
Heiermann, P16chl et al., 2009). Studies have shown that the calorific value of a
fuel depends on the diversity of grass species (Khalsa, 2013).

This study examines only a small part of the perennial grasses biomass
types — cereal grasses, which are considered to be the most promising source of
renewable resources, with the corresponding energy qualities with a sufficiently
high calorific value. Cereal grasses biomass can be used in the production of
solid fuel pellets and briquettes. The disadvantage of cereal grasses biomass is
its high ash yield, and its physical, mechanical and chemical properties depend
on the grass variety, soil and climatic conditions, the type and amount of
fertilizers used as well as the density of plants, and the time of harvest. It is
important to clarify the suitability of the biomass of certain cereal grass species
for local conditions in order to find the optimal biomass application (in pure
form or in mixtures) for the production of solid fuels. The thesis examines the
use of cereal grass species suitable for Latvian conditions for mixing with
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timber and analyses solid fuel energy values, considering also the economic
aspect.

For bio-energy, the most suitable grasses are reed canary grass (Phalaris
arundinacea (L.) Raush.), tall fescue (Festuca arundinacea Schreb.),
festulolium (x Festulolium Asch & Graebn.), cocksfoot grass (Dactylis
glomerata L.) and other cereal grass species.

Compared to other types of alternative energy, granulated grass biomass
can become an important fuel source for the production of heat in Latvia. For
example, in Latvia there is a sufficient potential for the use of fuel timber,
however, wood resources can decrease rapidly in the future due to a slow
recovery (depending on the species of trees, it takes at least 20 to 60 years). In
addition, it would be wise to use timber more sensibly. Cereal grasses have a
great potential as a renewable energy source, since biomass, which is useful for
growing, grows during one vegetation season and can be processed and
consumed at the place of production. Within the framework of the dissertation,
in order to obtain optimum composition and high energy biofuels for Latvian
conditions, the author studies mixes of timber and grass biomass in various
proportions (1/3, 1/1 and 3/1) for the production of granules for heating in
Latvia.

Hypothesis: Cereal grass biomass and its mixtures with timber according
to the thermal-technical characteristics are suitable for production of solid fuels.

The aim of the work: to evaluate possibilities of using cereal grasses
biomass for production of solid fuels.

Objectives:

1. to evaluate yield of cereal grasses at various nitrogen fertilizer rates;

2. to determine the thermal-technical parameters of cereal grasses biomass
and to assess their suitability for production of solid fuels;

3. to find the most suitable proportions of cereal grasses and timber
biomass for the formation of granules;

4. to determine the energy content of biomass of cereal grasses, timber
and their mixtures and estimate costs of the fuel.

Study novelty:

« specified biomass of cereal grasses for fuel production;

« for the first time, the compliance of the thermal-technical parameters of
the ratio of grasses and timber biomass with the requirements of solid fuel
quality is analysed.

Thesis defence:

* cereal grasses have good energetic qualities and a sufficiently high calorific
value;

* cereal grasses biomass can be used for the production of solid fuel pellets and
briquettes;

* The amount of energy produced depends on the choice of grasses and timber
species, as well as on the proportion of them in mixtures.
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Originality of the research. For the first time, the author analyses the
impact of fertilizers on the yield of cereal grasses, the chemical composition of
the dry matter and energy indicators, as well as their impact on mixtures of
these grasses and timber biomass, having different proportions with timber of
different species of trees, and their compliance with the requirements of the
biofuel standard quality, from an energy point of view.

The practical and theoretical significance of the research results.
Cereal grasses, in comparison with trees, have their own growth rhythm,
requirements for the growth medium and fertilizer, they differ in the thermal-
technical properties that are affected by the choice of agro-technology and the
type of harvest. The results obtained in the study allow to improve cereal grass
cultivation technology in accordance with fuel quality requirements and to
make more precise decisions on the choice of culmiferous species for
cultivation under specific agro-climatic conditions. The information gathered in
the study adds to the knowledge of the efficiency of the biofuel production
process. The obtained results are useful for calculating the energetic potential of
cereal grass and timber pellets, taking into account the fact that the biomass
value changes depending on the type of the cereal grass, the fertilizer and the
specific characteristics of the meteorological conditions of the year.

Benefits from the results of the study. The experience accumulated and
described in the study will allow expanding the spectrum of use of cereal
grasses, not only as traditionally used in agriculture for fodder production, but
also in addition to energy production for biofuel. The obtained results
demonstrate the most useful types of biomass mixtures of timber and cereal
grasses and their proportions.

STUDY CONDITIONS AND METHODS

The field trials were conducted in 2011 at the Peferlauki Study and
Research Farm (56°53' N, 23°71' E) of the Latvia University of Life Sciences
and Technologies. The study was conducted from 2012 to 2016.

The soil type: sod calcareous soil (Endocalcaric Luvisol according to
the FAO classification). Grain size composition: heavy dusty sand clay. Soil
agrochemical parameters: pH KCL 6.7 (LVS ISO 10390: 2006), organic matter
content 21 g kg™ (according to Tyurin method, LV ST ZM 80-91), phosphorus
content 52 mg kg' P»Os (low) and potassium content 128 mg kg' K,O
(medium) (by Egner-Rhyming method; LV ST ZM 82-97).

The pre-plant was summer barley — grown for two consecutive years as a
counterweight. After pre-crop harvesting, the soil was ploughed in the autumn,
22 cm deep. In the spring, when the soil reached its physical-mechanical
readiness, it was first splashed, then cultivated.
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The experiment was carried out with six types of cereal grasses: reed
canary grass (Phalaris arundinaceae (L.) Raush.), cultivar 'Marathon';
festulolium (x Festulolium Asch. & Graebn.), the cultivar '"Vetra'; timothy
(Phleum pratense L.), cultivar 'Teicis'; meadow fescue (Festuca pratensis
Huds.), cultivar 'Vaira'; tall fescue (Festuca arundinaceae Schreb.), cultivar
'Fawn'; and cocksfoot grass (Dactylis glometata L.), the cultivar 'Priekuli 30'.

The seedling rate for cereal grass species was 1000 germinating seeds per
1 m? with the respective amount per 1 ha: reed canary grass — 10.0 kg for
festulolium — 9.5 kg for timothy — 13.0 kg for meadow fescue — 12.5 kg for tall
fescue — 17.0 kg and cocksfoot grass — 18.0 kg. Cereal grasses were sown on
May 10, 2011, unpeeled, with seed-driller Hege-80.

The following fertilizer variants were used for all types of cereal grasses:
NOPOKO — control, P80K120 — background fertilizer (F), and six pre-plant
fertilizer variants with nitrogen fertilizer rates: F + 30, F + 60, F + 90, F + 120,
F + 150 and F +180 kg ha"! N.

The experiment contained 48 variants. The field area was 10 m? with 2 m
wide aisle between cereal grass species. The option layout was randomized.

Harvesting and sample preparation. Crop accounting began for 2012
for the research purposes (1% year of use). The following years of use of the
grassland were: 2013 — the second year of use; 2014 — 3rd year of use; 2014 —
4™ year of use; 2016 — 5™ year of use. Harvesting was carried out by cutting the
grass between 5 and 6 cm high with the grass harvester HANS — ULRICH
HEGE 212, the weight of the green mass weight was calculated electronically,
determining the yield of each replicate in the field.

For each species and fertilizer variant, 1.5-2.0 kg green mass samples
were taken in three replicates. They were cut in 2-3 cm long pieces; for each
variant, average samples of 1 kg mass, accurate to +0.01 kg, for physical and
chemical analysis were prepared. The dry matter content of the green mass
samples was determined by drying them at 105 °C to a constant mass (LVL EN
ISO 721: 2010).

Dry matter yields calculated in each variant were expressed as average
arithmetic values from three replicates and compared with each other as
the absolute deviation £ (t ha') and relative deviation (%). In order to
determine the effect of the nitrogen fertilizer, the actual values of the
fertilizer variant were compared with (1) non-fertilizer control and with (2) the
background variant (P80K120) in which nitrogen fertilizers were not used.

Characteristics of meteorological conditions. For the period from
01/01/2011 to 31/12/2016, the data about air temperature and rainfall were
obtained from the automatic Meteorological station at the Peferlauki Study and
Research Farm of the Latvia University of Life Sciences and Technologies. For
comparison of the annual meteorological data; the long-term average
temperature and precipitation data (norm) were used from the Jelgava
meteorological station.
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Climatic conditions affect grass hibernation and growing of grassland and
determine the size of the crop. The length of the wintering period varied from
128 days in 2013/2014 to 173 days in 2012/2013. During the five-year period,
only two winters had a negative average air temperature. The coldest winter
was in 2012/2013, when the average temperature dropped to -2.5 °C, whereas
the warmest winters were in 2014/2015 and 2015/2016, when the average
temperature in the wintertime reached or exceeded +1.0 °C.

In the vegetation period, the amount of precipitation corresponded to the
norm in 2011, 2012 and 2014, when it was consistent with the average
observed on a long-term basis, but in 2013, 2015 and 2016 it was significantly
lower than the norm.

Solid fuel biomass granules were made from ground cereal grasses and
timber biomass. For the formation of pellets, dry powder mixtures were used
consisting of the following components: grasses (reed canary grass, festulolium,
tall fescue, timothy, meadow fescue) and timber (birch (Betula pendula Roth.),
osier (Salix spp.), grey alder (Alnus incana (L.) Moench), aspen (Populus
tremula L.) and hybrid aspen (Populus tremuloides % Populus tremula)).

The timber biomass was obtained from the State Forest Research Institute
Silava (located in Salaspils) — in the form of powder, with a particle diameter
<1 mm.

The grass and timber pulp was pressed in granules with the hand press
IKA WERKE. The two component granules were composed of the following
components:

(I) ratio 1/3 (25% timber + 75% grasses);

(IT) ratio 1/1 (50% timber + 50% grasses);

(IIT) proportion 3/1 (75% timber + 25% grasses).

One component (100%) granules of grasses and timber pulp were used
for control.

The energy value of the pellets was calculated using the following
formula (1):

where Qiop — total amount of energy obtained from 1 ha, MJ ha™!;

Q. — gross calorific value of biomass dry matter, in MJ kg'!;
M; — dry matter of biomass of 1 hectare, kg ha™!.

The cost of energy for pellets was calculated according to the following
formula (2):

where pe — cost of energy (on dry basis), Eur MJ';

P — biomass 1 tonne dry matter extraction cost, Eur t/;
Q. — highest heating value of biomass dry matter, in MJ kg!.

Chemical and energy indicators and properties were assessed to evaluate
the suitability of granules of grass and wood biomass and their mixtures for use
as solid fuels for heat production. The analyses were carried out at the
Laboratory of Agronomic Analysis of the Latvia University of Life Sciences
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and Technologies and Virsma, Laboratory for Research and Testing on Waste
and Fuel. The methods used are given in tables 1 and 2.

The physical properties of the investigated cereal grass biomass fuel were
evaluated in comparison with the requirements specified in the standard LVS EN
14961-2-2012 (LVS EN ISO 17225-6: 2014) for reed canary grass (one of the first
grasses that started to be used as an energy plant), whereas the physical properties of
timber biomass fuel were compared to the requirements specified in standard LVS
EN 14961-6-2012 (LVS EN ISO 17225-2: 2014) for whole trees without roots as
well as tree trunks.

Data mathematical processing. The data were mathematically processed with
Microsoft Excel for Windows 2000 and SPSS packages. These programs also
produce relevant coefficients, equations, and graphic images.

The obtained study results were statistically processed using descriptive statistics
(mean arithmetic, minimum and maximum values, Sx — mean arithmetic
representation error, Sd — difference representation error) and variation statistics at
95% confidence level, as well as correlation and factor analysis methods were used.
Materiality significance was used to measure the significance of the factors.
Materiality level was p <0.05. A multiplicity linear regression analysis was used to
determine the effect of the variables on the dependent variable. Data analysis is
represented by linear regression curves and equations. The effect of the nitrogen
fertilizer norm on the energy crop productivity was estimated by linear regression
equations and determination coefficient (R?). The effect of nitrogen fertilizer norms
on yield of grasses is analysed and shown in polynomial relationships in the
corresponding nitrogen norm (ayx and byx) and described with linear regression
coefficients and corresponding linear regression equations for polynomial linear
definition regions. The gross calorific value of cereal grass and timber biomass was
used to calculate the amount of energy produced.

RESULTS

1.The Effect of Fertilizer on Grass Dry Matter Yield

The yield of the cereal grasses species included in the study was
influenced both by the climatic conditions of the year and the use of mineral
fertilizers.

In the non-fertilized variant of the first harvest, the yield of the dry matter
yield of the reed canary grass was 3.67 t ha! to 5.73 t ha'!, and the dry matter
yield increased with each subsequent year of use, for tall fescue — from
4.23 t ha! to 5.51 t ha'! with the maximum yield in the fourth year of use, for
festulolium — from 3.87 t ha! to 4.51 t ha"! with a maximum yield in the third
year of use, for timothy — from 2.99 t ha'! to 4.38 t ha'! with the highest dry
crop in the third year of use, for meadow fescue — from 2.72 t ha'! to 4.01 t ha'!
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with the maximum yield in the third year of use and from the cocksfoot grass
from 5.18 t ha! to 5.27 t ha'l.

Nitrogen fertilizers have had a positive effect on the growth of dry crop in
all grasses during all years of its use, but not all crop growth was significant or
cost effective.

In the variants of nitrogen mineral fertilizers, the average dry matter yield
was averaged from 6.18 t ha' (lowest level), whereas the highest level was
9.62 t ha'!. The use of nitrogen fertilizer for grasses averaged over all years of
use of grassland, which resulted in the following increase in dry matter yield:
cocksfoot grass — 3.48 t ha! (57% compared to non-nitrogen fertilizer), for
timothy — 2.55 t ha™! (+51%), for meadow fescue — 2.33  ha’' (+52%), for
festullolium — 2.24 t ha'' (+57%), for tall fescue — 1.99 t ha™! (+38%) and for
reed canary grass — 1.93 t ha'! (+37% )

The results of the experiment show that tall fescue and festulolium were
responsive to nitrogen fertilization and the increase in nitrogen content also
significantly increased the dry matter yield (Fig. 1).

In the first year of use of tall fescue, the increase in yield (p<0.05) was
significant when nitrogen norm of 60 kg ha! N was used, then the dry matter
yield reached 6.15 t ha''. A further increase of nitrogen norm up to 180 kg ha!
N contributed to a significant increase in yield — even 8.64 t ha'! of dry matter.
Also, the increase of dry matter yield (p<0.05) for festulolium continued to
increase to 180 kg ha! N, providing 8.11 t ha'! of dry matter yield. In the
following years, with the development of a denser sward, festulolium yielded a
dry matter of >8.0 t ha"! with lower nitrogen norms than it was required in the
first year of use.

In the second year of sward of tall fescue, in its second year of use of the
grassland, a significant increase (p<0.05) was observed at the nitrogen norm of
30 kg ha!' N and the increase in the nitrogen norm continued to provide a
significant yield increase of up to 60 kg ha! N, but a further increase in the
nitrogen norm resulted in an insignificant crop growth. Also, in the third year of
the use of grassland, tall fescue gained a significant increase in dry crop at the
nitrogen norm of 30 kg ha' N, as well as at fertilization rates of 120 and
180 kg ha'! N. In the fourth year of the use of grassland, a significant increase
(p<0.05) was gained at nitrogen norms 60, 120 and 180 kg ha' N. In the fifth
year of the use of the grassland, a significant increase in yield was obtained at
nitrogen norm of 60 and 120 kg ha'! N.

From the agronomic point of view, in the first year of use of the tall
fescue, it is necessary to use high nitrogen norms (>150 kg ha-! N) in order to
exceed the yield of dry matter 8.0 t ha'!. With the age of grassland, when it
becomes stronger and denser to hold a dry matter of over 8.0 t ha’l, it is
necessary for tall fescue to use nitrogen 120 kg ha'! N and more.

With the help of linear decomposition of polynomials, the study
determined interaction effects of factors, i.e. how the years of use and growth
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conditions affected the efficiency of increasing nitrogen fertilizer norms and to
what extent it was useful to increase them (Fig. 2).

Using linear regression coefficients it was found that tall fescue
achieved the highest nitrogen efficiency at the nitrogen norm of 180 kg ha™! N
in the first year of use of the grassland, in the second and fourth year with the
nitrogen norm 60 kg ha™! N, in the third — with the nitrogen norm of 30 kg ha!
N and in the fifth — with a nitrogen norm of 120 kg ha™! N.

The evaluation of linear coefficients confirmed fluctuations in the
significance of the previously observed and described dry matter yields. In its
turn, the highest efficiency of increasing nitrogen norms in the first year of use
of the grassland for festulolium was achieved with nitrogen norm of 120 kg ha-!
N, in the second — 30 kg ha! N and from the third to the fifth year of use of
grassland with 60 kg ha!' N.

Timothy dry matter yield was significantly increased (p<0.05) by
nitrogen fertilizer (Fig. 4). Already at the nitrogen norm of 30 kg ha! N, the
yield of dry matter, on average during three years, reached 5.86 t ha'! (+ 18%).
Using nitrogen fertilizer at the rate of 180 kg ha'! N in the background of
phosphorus and potassium fertilizers, on average over three years, made it
possible to obtain a yield of 8.60 t ha'!, which was 2.27 times higher than that
in which the fertilizer was not used. In all three years of use of timothy,
nitrogen at the rate of 180 kg ha' N gave the highest yields: from 2.70 t ha-! (+
47%) to 4.59 tha™! (+ 118%).

Meadow fescue was responsive to nitrogen fertilizer, which allowed
significantly (p<0.05) to increase the yield of dry matter. Starting with a
nitrogen norm of 30 kg ha' N, and with each subsequent step of the nitrogen
norm, the dry matter yield increased substantially and the highest dry matter
yield was 8.13 t ha™! (on average for three years) using a nitrogen norm of
180 kg ha! N (Fig. 4)

Reed canary grass dry matter yields obtained maximum with a nitrogen
norm of 60 kg ha™! N in all the years of use (Fig. 4), but a further increase in the
norm did not result in a significant increase in yield.

By linear regression of polynomials, using linear regression coefficients,
it was found that nitrogen fertilizer highest efficiency for the timothy during
the years of use varied. In the first year of use, the highest nitrogen efficiency
was reached with nitrogen rate of 30 kg ha"! N (Fig. 5), whereas in the second
year, nitrogen was needed much more — 120 kg ha! N, and in the third year the
highest effectiveness was reached at a nitrogen level of 60 kg ha™'.

Using linear regrouping of polynomials, linear regression coefficients
showed that the highest efficiency of nitrogen increase in the meadow fescue
during the first and third year of use of the grassland was with a nitrogen norm
of 30 kg ha-1 N (Fig. 6) and in the second - with a nitrogen norm of 60 kg ha-1
N.
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Using linear regression of polynomials, the coefficients revealed that the
reed canary grass achieved the highest nitrogen fertilizer efficiency at a
nitrogen norm of 60 kg ha-1 N in the first and second year of use of the
grassland, and in the third year it was sufficient to use the nitrogen norm of
30 kg ha-1 N (Fig. 7).

2. Fertilizer Efficiency in Grass Growing

For cereal grass, the highest nitrogen efficiency from 1 kg nitrogen was
achieved using low nitrogen norms of 30-60 kg ha' N (Fig. 8).

Using average nitrogen fertilizer norms (from 90 to 120 kg ha! N), the
amount of dry matter yield obtained in almost all cases decreased, with the
exception of timothy in the second year of use. Using high nitrogen fertilizer
rates (150-180 kg ha™! N) showed a steady increase in dry matter growth during
the first year of use of grassland. The obtained results showed that tall fescue
was the most sensitive species of grasses to nitrogen fertilizer at the beginning
of the development, when the dry matter yield per 1 kg N increased at all levels
of N rates.

In the first year of use of the grassland, timothy used nitrogen better with
low nitrogen fertilization rates than using medium and high norms, but tall
fescue had higher utilization efficiency at high nitrogen norms. In the second
year of use of grassland, for both cereal grass species, the use of nitrogen was
in proportion to the reverse position in the first year of use.

The use of the highest nitrogen nutrients for reed canary grass was
detected with a nitrogen fertilizer norm of 60 kg ha"! N (mean 37.2%).

On average, timothy used nitrogen from 41.7 to 43.1% at nitrogen rate of
90-120 kg ha! N in the two years of use, despite the differences in growing
conditions. The average nitrogen utilization of the meadow fescue was
observed on average for two years with a nitrogen norm of 60 kg ha'! N —
41.8%.

3. Evaluation of Grass Biomass Fuel Quality Indicators

The moisture content of biomass is variable and it affects the quality and
cost of fuel. In order to reduce the moisture content, it is necessary to invest a
significant amount of energy, which forms one of the largest expenditure
positions in the fuel production process. In the study, prior to pelletizing, the
moisture content of grasses was 9.00% (from 8.10% of meadow fescue to
10.40% of festulolium), but for timber — 7.82% (from 7.00% for osier to 8.50%
for hybrid aspen and birch) and met standard requirements. The moisture
content of cereal grass and timber biomass mixtures was also below 10%, and
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the moisture content decreased as the amount of wood increased. Adding 1/3 of
timber biomass mixture decreased the moisture content by 5% on average, but
adding half or 2/3 of timber, moisture of the mixture decreased by 15% and
20%, respectively.

The ash builds melt particles, which results in a faster obstruction of the
combustion chamber and convective part of the boiler and therefore more
frequent mechanical cleaning is required.

The average ash content of cereal grass biomass ranged from 6.60% for
timothy to 8.05% for tall fescue, which is close to the ash content mentioned in
different other sources (Beidermann, Obernberger, 2005; Bakker, Elbersen,
2005).

The lowest ash content for grass biomass was detected from 4.99% for
timothy in 2013 to 7.93% for tall fescue in 2012, and the highest from 6.83%
for timothy in 2013 to 8.92% tall fescue in 2012. On average, from all the
fertilizer variants included in the experiment, the ash content was 8.05% for tall
fescue, 7.36% for reed canary grass, 7.27% for festulolium, 7.14% for meadow
fescue and 6.60% for timothy.

Standard requirements stipulate that the ash content of the reed canary
grass biomass cannot exceed 8.0%. Nutrient nitrogen norms >60 kg ha™! N for
reed canary grass have contributed to a decrease in the ash content below the
standard size of 8.0% for both years of use of grassland. For other cereal
grasses such as festulolium and timothy, the ash content was below 8.0%, and
in some cases the observed deviation was not explained as a probable regularity.

Regression analysis showed that the ash content increased with potassium
(R%?=0.86; p = 0.01), phosphorus (R?> = 0.62; p = 0.01), chlorine (R>=0.71; p =
0.01) and nitrogen (R?> = 0.74; P = 0.01) in dry matter of biomass. This is due to
the fact that these elements form constituent compounds in the ash in the
burning process of the biomass fuel (Vassilev, Vassilev, Song et al. 2017).

Ash content in cereal grasses and timber compositions decreases in
proportion to the increase in timber share, because on average, timber biomass
has 70-80% less ash compared to grasses. The analysis of the composition of
grass and timber biomass shows that the grasses, after adding one third of
timber, reduce the ash content by 20%, whereas a mix of 1/1 or two thirds of
timber reduce ash content by 40% and 55%, respectively. The best (lowest) ash
content was observed in festulolium and reed canary grass mixture (1/3) with
osier — 2.30% and 2.63%, tall fescue and osier or birch - 2.5% and timothy with
grey alder —2.9% (Fig. 9)

When assessing the suitability of cereal grasses for fuel production, it
should be taken into account that the ash content may change from year to
year, also due to other factors, but proportional changes remain. Observations
indicate dependence of ash content on species and agro meteorological
conditions.
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Carbon (C) is one of the chemical elements that determines the amount
of heat energy generated by the fuel. Carbon content in plants is an important
indicator because C is a combustible element. The higher the carbon content of
the plant, the higher the combustion heat.

The carbon content of the studied cereal grasses was on average from
44.5% in tall fescue to 45.3% in timothy. The carbon content of reed canary
grass dry matter on average was 45.11% in all variations (from 42.69% in 2013
to 47.58% in 2012). On average, the content of C in reed canary grass dry
matter was 45.11% (from 42.69% in 2013 to 47.58% in 2012). The C content
of non-fertilized yield was 44.93% on average (from 42.90% to 47.43%).

In the samples of timber, the highest carbon content was in aspen —
48.90%, but the lowest in birch — 46.10%. Carbon content in cereal grasses in
the 1% and 2™ year of use varied from 42.00% of meadow fescue in 2013 to
48.97% of timothy in 2012.

Summarizing the results for all types of cereal grasses, that is, in variants
using nitrogen fertilizers >120 kg ha! N, the carbon content was on average
above 45%.

The highest carbon content of festulolium was in a mix with osier, in
proportion 1/3 — 46.6%, reed canary grass mix with grey alder — 46.9%. On the
other hand, the lowest rates were for festulolium (3/1) with hybrid aspen
(43.7%) and reed canary grass (3/1) with osier (43.4%).

The hydrogen content (H) in the fuel determines its calorific value: the
more hydrogen, the higher the calorific value.

The hydrogen content in the analysed timber and cereal grass samples was
from 5.48% for timothy to 5.93% for tall fescue, and from 6.39% for grey alder
to 6.83% for birch. The hydrogen content of the studied cereal grasses was on
average 6% lower than that of timber biomass samples. In general, the
hydrogen content was similar in the studied biomass, in the cereal grasses H
content variation was within 10%. Hydrogen content was on average higher in
timber biomass.

The H/C ratio (1.51-1.52) of some grasses such as festulolium, reed
canary grass and tall fescue was similar to that of aspen, hybrid aspen and grey
alder biomass (H/C — 1.52). The highest H/C index was for osier and birch —
1.54. H/C index increased in aspen mixture with cereal grasses with the
increase in the amount of timber, but the increase in H/C is not high, 0.5% to
2%.

Hydrogen and carbon content indicates the energy content of the fuel,
which is characterized by the atomic ratio H/C of these elements. The more
hydrogen in relation to carbon, the lower the degree of oxidation, the more
energy will be released in the oxidation reaction. So, the higher the atomic H/C
ratio, the more energy is released in the fuel burning process. The average H/C
ratio for lignocellulosic biomass is 1.5 (Lehmann, Joseph, 2009). In this study,
the highest ratio of H/C among the cereal grasses was 1.52 for tall fescue and
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the lowest 1.45 for timothy. Among the timber biomass, the highest ratio of
H/C was in birch - 1.54. In general, the H/C ratio did not differ radically for the
biomass studied, the average H/C ratio for cereal grasses was 2.3% lower than
for timber.

Nitrogen (N), when fuel is combusted, forms volatile nitrogen compounds that
enter the atmosphere with untreated flue gases, therefore, in vegetation biomass as a
fuel should not exceed 0.6% (Obernberger, Brunner, Barnthaler, 2006). In its
standard (LVS EN 14961 - 2 - 2012 (LVS EN ISO 17225 - 6: 2014), the nitrogen
content in the dry matter cannot exceed 2.0%.

In the culm, the nitrogen content, depending on the year and the species of
cereal grasses, ranged from 0.63% of the meadow fescue in 2012 to 2.59% of the
meadow fescue in 2013. On average, from all fertilizer variants of the experiment,
the nitrogen content of the meadow fescue was 1.71%, timothy — 1.32%,
festulolium — 1.18%, reed canary grass — 1.13%, and tall fescue — 1.05%.

The nitrogen content in the timber samples was 0.3% to 0.6%, whereas reed
canary grass and festulolium were 1.3% and 1.1%, respectively.

In the timber and cereal grass mixture, the nitrogen content increased with the
increase in the proportion of cereal grasses in it. In the proportion of the mixture 3/1
(75% timber and 25% grasses), the N content increased on average by 23%, but in
proportions 1/1 and 1/3 - by 36% and 56%, respectively.

The greatest reduction in the nitrogen content was achieved in biomass
mixtures 3/1 (timber / grasses) — festulolium 80% (0.42%), reed canary grass — 70%
(0.49%) in a mixture with osier. The lowest nitrogen content for cereal grasses was
in the mixture of grey alder, averaging 5%, 0.67% festulolium and 0.95% reed
canary grass, although in all cases the N content was below the EU-standard critical
limit, which means: the lower the nitrogen biomass, the lower the NOx emission
quantity in the atmosphere.

Phosphorus (P), like potassium, when it is combusted, forms simple salts
that are part of the ash composition.

The content of phosphorus, depending on the year and the species of
cereal grasses, ranged from 0.20% for timothy and meadow fescue in 2012 to
0.47% for meadow fescue in 2013. On average, from all the nitrogen fertilizer
variants in the experiment, the phosphorus content of the meadow fescue was
0.34%, reed canary grass and festulolium - 0.28%, tall fescue - 0.27%, and
timothy - 0.26%.

On the other hand, on average, from all nitrogen fertilizer variants,
biomass phosphorus content was 0.35% (+9% compared to non-nitrogen
fertilizer), festulolium 0.28% (+ 17%), reed canary grass 0.28% (-3%), but
timothy and tall fescue 0.26% (-7% and -10% respectively).

Potassium (K) content is a significant indicator of the biomass quality,
since alkali metals — potassium and sodium reduce the ash melting temperature,
which in turn leads to the formation of slag layer on the walls of combustion
chamber.
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The content of potassium, depending on the year and the species of
grasses, ranged from 1.37% of the meadow fescue in 2012 to 3.69% of the
meadow fescue in 2013. On average, from all the fertilizer variants of the
experiment, the potassium content of the meadow fescue was 2.69%,
festulolium — 2.61%, timothy — 2.52%, tall fescue — 2.45%, and reed canary
grass —2.21%.

The correlation analysis showed that there is a slight positive correlation
between K content in plants and fertilizer norm (r=0.31; p =0.1).

On average, from all the types of nitrogen fertilizer variants, biomass
potassium content was 2.70% for meadow fescue, 2.66% for festulolium,
2.55% for timothy, 2.50% for tall fescue and 2.33% for reed canary grass.

Potassium content was more affected by meteorological conditions in a
particular year. In 2012, in the intensive vegetation period of the grassland,
when there was a lot of precipitation, potassium content in grass biomass,
depending on the species, ranged from 1.37% in meadow fescue to 2.31% in
tall fescue, but in the dry year of 2013, from 1.95% of reed canary grass to
3.69% of meadow fescue. It only confirms the opinion of other researchers that
increased soil moisture reduces accumulation of potassium in the tissues and
may even rinse potassium from plants (Nutalapati, Gupta, Moghtaderi et al
2007).

Potassium content of cereal grasses with timber decreased systematically
for both species. With 1/3 of timber, the concentration of K decreased by 30%
on average, but with a half and 2/3, by 80% and 200%, respectively.

Sulfur (S) is one of the undesirable elements, as it causes corrosion of
heating equipment, and sulfur dioxide enters the atmosphere with flue gases.
The sulfur content of plants, including grasses, is very variable.

In this study, sulfur content in cereal grasses ranged from 0.036% in 2012
to 0.180% in 2013.

The sulfur content of cereal grasses biomass was on average about 4 times
higher than in timber. In the timber and cereal grass mixture, the sulfur content
was low, from 0.03% to 0.06%. In most cases, the sulfur content of the blends
decreased with the increase in the amount of timber. The lowest sulfur ratios
for festulolium were in a mixture (3/1; 1/1) with birch (1/1) — 0.031% and reed
canary grass mix (1/1) with hybrid aspen — 0.031%.

Chlorine (Cl), like sulfur, causes corrosion of the equipment and releases
HCI, chlorinated dioxin, dibenzofuran and Cl precipitating salts in the ash
(Rosendahl, 2013) going into the atmosphere with untreated flue gases.

The chlorine content of timber and cereal grasses in the samples was from
0.008% to 0.012% in timber and 0.50% to 0.74% in cereal grasses respectively.
The chlorine content in the cereal grasses was 2.5 to 3.5 times the standard
0.2% limit (LVS EN 14961-6-2012). In its turn, chlorine content in timber was
1.5 to 2.5 times lower than the standard (LVS EN 14961-2-2011), set to 0.02%.
Chlorine content in cereal grass is significantly higher than in timber. In the

42



cereal grasses, chlorine content ranged from 0.50% festulolium to 0.74% in
reed canary grass. The lowest chlorine content in the timber was 0.008% for
aspen, the highest for osier and birch — 0.012%. In cereal grass and timber
mixtures the chlorine content decreased as the amount of timber increased, as
the CI content varied more than 10 times between timber and cereal grasses.

The lowest chlorine content for festulolium was found in a mixture (1/3)
with birch — 0.18%, reed canary grass with hybrid aspen — 0.25%, tall fescue
and timothy with grey alder — 0.22% and 0.17%.

According to chlorine content, the lowest potential for the formation of
slag is timber biomass, since its Cl content is lower. The contents of the
mixture have lower mean values of CI for festulolium and reed canary
grass.

4. Biomass Combustion Parameters

The calorific energy from the fuel is characterized by the gross calorific
value (Qa). For cereal grass biomass, the highest Q. value was found for
timothy — 16.9 MJ kg'!, which is 1.2-2.3% less than that for hybrid aspen,
which had the lowest heating value of all the timber biomass included in the
study, or 9.6% less than for birch, which had the highest Q. value. In contrast,
the lowest Q, value was for tall fescue — 15.2 MJ kg'!, which was 11.1-12.6%
less than hybrid aspen and 18.7% less than birch. In mixtures of timber and
cereal grasses biomass, the higher heating value increased with increasing
proportion of timber in the mixture (Fig. 10). The highest heating value for a
mixture ratio of 1/3 (25% timber + 75% grasses) was from 15.8 MJ kg tall
fescue mixture with aspen and hybrid aspen to 17.3 MJ kg™!' timothy mixture
with osier, grey alder and birch, but for a mixture ratio of 3/1 (75% timber +
25% grasses), the highest heating values were from 16.8 MJ kg*!' a mixture
of tall fescue with a hybrid aspen to 18.3 MJ kg'! timothy mixture with birch.

The correlation analysis revealed a significant (p = 0.01) negative
calorific value correlation with the ash content (R? = 0.45) correlation with the
ash content and Cl (R? = 0.47), whereas the correlation with lignim was
positive(R? = 0.46).

The melting point of the ash is characterized by four phases: the initial
deformation temperature (DT), the start of melting (ST), the hemispherical
point (HT), the flowing temperature (FT), when the ash flows over the surface.
Among the cereal grasses, the highest DT was with reed canary grass (1240 °C),
the others were from 1020 to 1120 °C. The timber biomass DT had boundaries
from 1390 to 1460 °C. The study evaluated the difference between the initial
temperature of deformation of timber and grasses mixtures for biomass of
timber and timber-grass mixture. It was found that adding reed canary grass to
timber biomass reduced the biomass DT by only 14% on average. Adding
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timothy, festulolium and tall fescue to timber reduced the DT of the resulting
mixture by 26%, 28% and 39%, respectively.

The correlation analysis did not indicate the relationship between ash
melting temperature and other specified parameters. The difference in the
melting temperatures of the ash is explained by the chemical composition of the
plants or individual elements which, due to high temperature, cause certain
chemical reactions even within the same species (Kakitis, Smits, Belicka, 2009).
It has been found that as the content of potassium increases, the ash melting
temperature will decrease (Kalnacs, Grehovs, Grigale, etc., 2008).

5. Energy Value of Biomass Fuel Raw Materials

The amount of energy derived from the studied cereal grasses was directly
dependent on yield. In 2012-2013, the highest amount of energy was obtained
from grassland biomass ranging from 120.7 GJ ha! (tall fescue) to 146.8 GJ ha-
! (timothy), variant F + N180. In the absence of fertilizer, the amount of energy
obtained from different cereal grass species varied from 49.0 GJ ha”! meadow
fescue to 67.2 GJ ha'! reed canary grass. The amount of energy obtained from
phosphorus and potassium fertilizers was from 69.3 GJ ha! meadow fescue
(+41% in comparison with the control variant) to 79.3 GJ ha'! (+19%) for
festulolium.

Nitrogen fertilizers contributed not only to the increase in dry matter yield,
but also to the amount of energy produced. On average, the amount of energy
received from all nitrogen-norm variants ranged from 103.5 GJ ha'! (tall fescue)
to 126.8 GJ ha'! (timothy) with an increase in the corresponding energy output
from 33% to 64%. The largest amount of energy was produced with osier on
average in 2012-2013 (Fig. 11). Osier was blended with all types of cereal
grasses in a ratio of 3/1 (75% timber + 25% grasses), i.e., with a predominance
of timber and exceeding 140 GJ ha! (from 141.9 GJ ha'! in tall fescue to
146.4 GJ ha! mixed with timothy). As the share of timber in the mix decreased,
not only the gross calorific value decreased, but also the amount of energy
produced.

6. Production Costs of Biomass Fuel Raw Materials

In this study, the agrotechnical methods of grasses were the same and
comparable in order to evaluate their effect on the productivity of grasses and
to find differences in nuances in different fertilizer variants. In turn, timber
biomass production costs were obtained on the basis of literature references.

As the results of calculations show, on average, per year, the least
expenditure on grass biomass was in the non-fertilizer application
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122.82 EUR ha'! (Fig. 12), phosphorus and potassium (P80K120) fertilizer
variant was 347.82 EUR ha! and in the variant with nitrogen fertilizer the costs
of biomass was from 394.22 EUR ha™! (with a nitrogen norm of 30 kg ha! N) to
551.20 EUR ha'! (with a nitrogen norm of 180 kg ha! N). The use of fertilizers
not only ensures increase in the dry matter yield, but also raises production
costs.

In order to estimate the cost of timber for the dissertation work, for each
type of timber, the highest values were applied, which were attributed to
the life cycle of the respective wood production: for osier, hybrid aspen and
grey alder, 20 years, and for birch 40 years as average values for 1 year, so
that they could compare with the cost of production of grasses, because grasses
are harvested every year, but wood only periodically. The management costs of
grey alder were calculated from the average costs osier, birch and hybrid aspen.
Based on this assumption, the total cost of the cycle for the production of
energy timber biomass for osier was 6574.75 EUR ha'! (average per year
328.74 EUR ha''), birch — 7515.70 EUR ha'! (average per year 187.89 EUR ha-
1, hybrid aspen — 9891.50 EUR ha™! (average per year 494.58 EUR ha'!) and
grey alder — 6899.43 EUR ha'! (average per year 344.97 EUR ha'!).

Calculations show that the cereal grass and timber biomass analysed have
a low cost of energy (<0.8 eurocents kWh!). From the analysed timber, the
highest cost of energy was for hybrid aspen (0.8 eurocents kWh™) (Fig. 13),
whereas the lowest was for birch (0.28 eurocents per kWh). In turn, the energy
cost of grasses was similar (from 0.69 to 0.74 eurocents per kWh) (Fig. 13).

The highest cost of energy was when phosphorus and potassium fertilizers
were used to grow cereal grasses. Using phosphorus, the energy cost of
biomass of 80 kg ha'! P,Os and potassium 120 kg ha' KO increased on
average by 2.27 times (from 1.96 times for meadow fescue to 2.59 times for
reed canary grass) compared to the control variant. Adding nitrogen to
phosphorus and potassium fertilizers to the grass biomass decreased the cost of
energy. A 20% reduction in the energy cost was detected in timothy starting
from the nitrogen norm of 90 kg ha' N and higher nitrogen norms compared to
the non-nitrogen fertilizer variant. On the other hand, the cost of tall fescue,
irrespective of whether small (30-60 kg ha!) nitrogen norms were used, or
average (90-120 kg ha') or high (150-180 kg ha!), energy costs were similar
to 0.12—0.13 eurocents per kWh.

For the production of mixtures of timber and grasses biomass, the lowest
cost of energy was for an osier and birch mixture with cereal grasses ranging
from 0.06 to 0.10 eurocents per kWh (Fig. 14).

The energy costs from grey alder and cereal grass mixtures ranged from
0.09 to 0.10 eurocents per kWh, hybrid aspen mixed with cereal grasses of
about 0.10 eurocents per kWh, and for aspen mixtures with cereal grasses from
0.11 to 0.12 eurocents per kWh.
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Summarizing the study results of the gross calorific value (Qa) and
energy costs of cereal grasses, the following trend was observed: the higher the
calorific value, the cheaper the energy (Fig. 15).

The lowest cost price of energy was obtained from timothy 3.68 EUR GJ!,
which also had the highest calorific value — 16.88 MJ kg™!' from all the studied
cereal grass species. A high calorific value was also obtained from
festulolium — 16.46 MJ kg'!, which does not differ much from reed canary
grass — 16.36 MJ kg-!. The cost of the energy thus obtained was similar — 3.91
and 3.87 EUR GJ!. The tall fescue and meadow fescue biomass had the lowest
calorific value, 15.24 and 15.71 MJ kg!, respectively, while the cost of energy
was 13% and 19% higher than timothy (lowest cost of energy).

CONCLUSIONS

1. Nitrogen fertilizer, regardless of the size of the norm, increased the yield of
dry matter for cereal grasses. In contrast, the effectiveness of nitrogen was
different both between the grass species and between the years of use of
the grassland. In all trial variants, the dry matter yield for cereal grasses
was 6.08 t ha'! on average during the first year of use, with 7% increase
during the second year of use, 11% in the 3™ year of use, 18% in the 4t
year of use, and14% in the 5" year of use compared to the first year of use.
Differences in the efficiency of nitrogen fertilizer rates over the years of
use of grassland are confirmed by the linear regression coefficients of
polynomial distribution.

2. The highest dry matter yield from 1 kg N was obtained from cocksfoot
grass and meadow fescue, on average, 60.44 kg and 28.96 kg, respectively,
when nitrogen norm was 30 kg ha! N. Conversely, using 60 kg N rate
increased the dry matter yield of festulolium to 36.48 kg, for timothy up to
30.50 kg, reed canary grass up to 30.20 kg and tall fescue until 24.40 kg.

3. The use of nitrogen from fertilizers for dry matter yield was 61.3%, in
timothy — on average in festulolium — 50.6%, meadow fescue — 41.7%, tall
fescue — 28.0% nitrogen fertilizer norm 90 kg ha! and reed canary grass
40.3% nitrogen fertilizer norm 60 kg ha.

4. The highest yield of cereal grasses from 1 kg of NPK was obtained in the
fertilizer variant N60P80K120: for cocksfoot grass — 34.7 kg, for reed
canary grass — 27.0 kg, for festulolium — 26.6 kg, for timothy — 26.1 kg, for
tall fescue — 25.8 kg, and meadow fescue — 23.9 kg.

5. In the 1% year of grassland use, ash content in grasses did not exceed
8.92%, but in the 2" year it did not exceed 7.91%. The lowest ash content
in the mixture of timber and cereal grasses in the proportion of 3/1 was
osier with festulolium and reed canary grass — 2.30-2.63%, for osier and
birch with tall fescue — 2.5%.
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The highest calorific value of cereal grasses was found from 15.24 MJ kg
I(tall fescue) to 16.88 MJ kg!' (timothy). The highest calorific value
(>18.0 MJ kg'') was found in biomass mixtures of birch and osier with
reed canary grass, festulolium and timothy in a ratio of 3/1 (75% timber +
25% grasses).

The highest ash melting temperature (DT) was detected with reed canary
grass (1240 °C), whereas the highest values (greater than 1100 °C) for
timber and cereal grass biomass mixtures were detected when reed canary
grass, festulolium or timothy was added to timber.

The amount of energy produced for cereal grasses ranged from 93.6 GJ ha-
(meadow fescue) to 112.1 GJ ha' timothy. The amount of energy
produced from grass was on average 21% lower than that produced from
timber. In the form of timber blends with cereal grasses, more energy was
obtained from mixtures of tall fescue and timothy with timber in the
proportion of 3/1 (75% timber + 25% grasses): 141.9-146.4 GJ ha'l.

For cereal grasses, the cost of energy varied from 0.69 to 0.74 eurocents
per kWh, but for timber from 0.28 eurocents per kWh birch to 0.8
eurocents per kWh hybrid aspen. For energy mixes of timber and grass
biomass, the energy costs varied from 0.06 eurocents per kWh (for osier
and birch timber blends with cereal grasses) up to 0.12 eurocents per kWh
for aspen mixture with cereal grasses. The cost of energy for cereal grasses
was also affected by fertilizer norms.

PROPOSALS

By expanding the range of using cereal grasses - not only the traditional
use of fodder (green mass, hay, silage) but also for energy (biogas, fuel)
and evaluating calorific characteristics of cereal grass biomass, the
hypothesis was confirmed: grasses can be used as solid fuel raw materials
that meet the requirements of standards in Latvia.

Since wood biomass is slowly growing and can be obtained periodically,
but grassland biomass can be produced annually, using the potential of
cereal grasses biomass can help to solve the demand for biomass resources
(as raw material) for the production of heat energy.

In order to obtain fuel raw materials, it is advisable to form a mixture of
cereal grasses and timber biomass with up to 25% of grass biomass.

The obtained calorific value characteristics indicate that the most
promising cereal grasses for solid fuels are cocksfoot grass, reed canary
grass, timothy and festulolium, therefore they are recommended to be used
as an additive for the production of timber pellets.
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OF THE DOCTORAL THESIS
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