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IEVADS

Visa pasaulé aktuals ir jautajums par energoresursu taupigu izmantoSanu
un razoSanu no atjaunojamam izejvielam. Ka nakotnes prioritate energétika ir
izvirZita atjaunojamo energoresursu izmantosana, ko lidz 2020. gadam
reglamente direktiva 2009/28/EK. Nemot vera jautajuma aktualitati,
promocijas darba tika pétita ziemaju graudaugu ka atjaunojamo resursu
piemerotiba biogazes un bioetanola razosanai, ka arT gan graudu, gan salmu
izmanto$ana siltumenergijas raZoSanai.

Biogazi var razot no lauksaimniecibas un ripnieciskam izejvielam.
Lauksaimnieciskas izejvielas var bt lauksaimniecibas blakusprodukti, ka art
ta saucamie energétiskie kultGraugi. Lai varétu izmantot augu biomasu visa
gada garuma, to ieskabé. Anaerobas fermentacijas procesa iegiita biogaze ir
Iets un CO, neitrals atjaunojamas energijas avots, kas dod iesp&u videi
draudziga veida parstradat energétiskos kultiraugus. Atskiriba no fosilajiem
kurinamajiem anaerobas fermentacijas cela ieglita biogaze ir pilniba
atjaunojams resurss, jo to razo no biomasas, kas fotosintezes cela uzkraj
saules energiju. Saskana ar arvalstu zinatnieku p&tjjumiem ziemaju labibas
izmantojamas ka atjaunojamais energoresurss, jo nodroSina augstu biomasas
razu, kas ir viegli ieskab&jama. Latvija §adu p&tijumu pagaidam ir maz un tie
ir fragmentari.

Bioetanolu ka fosila benzina aizstajéju arvien plasak izmanto dazadas
pasaules valstis. Bioetanolu galvenokart razo no atjaunojamas biomasas, kas
satur cukurus, cieti vai lignocelulozi. Latvijas apstaklos, bioetanola razoSanai
piem&rotas varétu but labibas ar augstu cietes un zemu proteina saturu
graudos. Bioetanola raZoSanai pieméroti varétu but ziemas kvie$i (Triticum
aestivum), tritikale (xTriticosecale) un rudzi (Secale cereale). Latvija
audzeto rudzu, kvieSu un tritikales Skirnu klasts ir plass, tomér [idz §im maz
pétits ar merki ieglit bioetanolu. Dati par rudzu, ziemas kvieSu un tritikales
Skirnu izmantoSanu bioetanola razoSanai palidz&tu graudaugu audz&tajiem
izpildit parstradataju prasibas un piegadat atbilstosas kvalitates graudus
atjaunojamas energijas razosanai.

Graudu un salmu iespéjama izmanto$ana KkurinaSanai. Lidz $im
Latvija apkurei plasak izmantoti meza atjaunojamie energoresursi — koksne,
tomer koksnes atjaunosanas sp&jas ir samera I€nas. Alternativas
siltumenergijas razoS$anai var izmantot citus lauksaimnieciskas raZoSanas
blakusproduktus, piem&ram, salmus un zali. Galvenas Tpasibas augstvertigai
biomasai, ko izmanto siltumenergijas raZoSanai, ir augsta raza, zems pelnu
saturs, zems mitruma saturs un laba degtsp€ja. Latvijas nepastavigajos laika
apstaklos atseviS$kos gados ieglst partikas un pat lopbaribas kvalitatei
neatbilstoS§us graudus. Graudi, kurus nevar izmantot ne partikas, ne
lopbaribas vajadzibam, ir viens no biomasas veidiem, ko vartu izmantot



apkurei. Salmi ka kurinamais plasi tiek izmantoti citur Eiropa, un to varétu
dartt arT Latvija.

Darba hipotéze: ziemaju labibas ir piemérotas vairaku atjaunojamas energijas
veidu ieguvei Latvijas apstaklos.

Darba mérkis: noskaidrot ziemaju labibu piemerotibu dazadiem atjaunojamas
energijas ieguves veidiem.

Darba uzdevumi

1. Vertét ziemas kvieSu (Triticum aestivum), tritikales (xTriticosecale) un
rudzu (Secale cereale) skirnu piemérotibu biogazes iegtiSanai atkariba no
labibas, skirnes un attistibas fazes novaksanas laika.

2. Vertét ziemas kvieSu, tritikales un rudzu skirnu piemérotibu bioetanola
ieguveli.

3. Vertet ziemas kviesu, tritikales un rudzu skirnpu piemérotibu (graudu un
salmu) siltumenergijas razo$anai.

4. Sniegt kompleksu novertejumu ziemaju labibu izmantoSanai atjaunojamas
energijas ieguvei.

Darba zinatniska novitate

1. Noteikta Latvija piem@rotaka labibu attistibas faze biomasas novaksanai,
lai no tas sagatavoto skabbaribu izmantotu biogazes razoSanai.

2. Vienados apstaklos detalizgti izvertéts trTs labibu sugu biomasas, graudu un
salmu kimiskais sastavs un ta ietekme uz dazadi iegtitas energijas (biogaze,
bioetanols, siltums) iznakumu no masas vienibas.

3. Pirmo reizi vienados apstaklos veikts komplekss tris ziemaju labibu
novértgjums dazadu atjaunojamas energijas veidu razosanai Latvija.

Pétijuma rezultati atspoguloti 10 zinatniskas publikacijas anglu, latvieSu un
krievu valoda, tai skaita starptautisko konferencu, kongresu un zinatnisko
seminaru recenzgtas starptautiskas publikacijas.

Par zinatniska darba rezultatiem sniegti 6 mutiski referati un 6 stenda zinojumi
starptautiskas konferencgs, kongresos un zinatniskos seminaros.

Pétijums veikts pateicoties: ESF projektam ,,Atbalsts LLU doktora studiju
istenoSanai” vienoSanas nr. 2009/0180/1DP/1.1.2.1.2/09/TP1IA/VIAA/017 un
APP Valsts Stendes graudaugu selekcijas institiitam.



PETIJUMU APSTAKILI UN METODES

Lauka izméginajumu iekartoSanas metodika

Lauka izméginajumi tika veikti Valsts Stendes graudaugu selekcijas
institita no 2009./2010. — 2011./2012. gadam. Izm&ginajuma katrai labibai tika
pétitas tris genotipi (Skirnes vai linijas): kvie§i — ’Mulan’, ‘Skalmeje’ un
Stendes graudaugu selekcijas institlita izveidota Iinija ‘99-115°, tritikale —
‘SW Valentino’, ‘Dinaro’ un Priekulu laukaugu selekcijas institita izveidota
Itnija ‘0002-26’, un rudzi: ‘Matador’, ‘Placido’, ‘Dankowskie Nowe’.

Lauka izméginajumi tika iekartoti divas dalas. Pirmaja dala labiba tika séta
biomasas ieguvei, skabbaribas sagatavo$anai, no kuras ieguva biogazi.
Biomasas ieguvei tika séti tris izm&ginajuma bloki, kurus novaca tris dazadas
augu attistibas fazes:

e ziedesana (60. — 62. AE);

e piengataviba (70. — 72. AE);

e dzeltengatavibas sakuma (80 — 82. AE).

Otraja dala labiba tika s€ta graudu un salmu ieguvei, lai izvertetu bioetanola
iznakumu, ka arf graudu un salmu izmanto$anu siltumenergijas raZzoSanai.

Laucina lielums visos gadijumos bija 12 m? visus variantus sakartoja
randomizéti 4 atkartojumos. Izméginajums tika iekartots velénpodzoléta
glejota augsné (Augsnes diagnostika..., 2008), (Stagnic Retisol (Loamic)
(World Reference Base ..., 2014)), granulometriskais sastavs — smil§mals
(atb. N. Kacinska sist€mai), tas agroktmiskie raditaji: organiska viela vidgji 19
— 24 g kg™ augsnes (p&c Tjurina metodes), augsnes apmainas reakcija pH KCI
5.3 — 5.8 augiem izmantojamais P,Os 83 — 229 mg kg un K,0 — 126 —
181mg kg augsnes (péc Egnera — Rima metodes).

S¢&ja tika veikta septembra otraja dekadé (18.09.09., 14.09.10., 15.09.11.).
Izs€jas norma visos gados hibridajiem rudziem (‘Placido’) bija 200, populaciju
rudziem un tritikalei 400, bet kviesiem 450 digtsp&jigas seklas uz m’.
Biomasas plauja skabbaribas sagatavoSanai, lai iegiitu biogazi un sausnas razas
noteikSanai tika veikta ar rokas zales plaveéju. No lauka katrai Skirnei tika
nemts viens vidgjais paraugs no Cetriem atkartojumiem, sadalot to divas dalas:
1) paraugs biogazes ieguvei (kas tika ieskabgéts) un 2) kvalitates analizém. Lai
noteiktu salmu razu un novértétu to piemérotibu kurinasanai, noteica
graudu/salmu attiecibu. Graudu un salmu ieguvei labibas tika novaktas 88. —
92. AE, veicot tieSo kombainéSanu. Labibu graudi tika zaveti, tiriti, raza tika
noteikta pie 14% mitruma un 100% tiribas.

Ziemaju labibu graudu un skabbaribas audz&Sanas un sagatavoSanas
paSizmaksas aprékinatas péc Latvijas lauksaimniecibas konsultacijas centra

(LLKC) ,,Bruto seguma apréekins zemnieku saimniecibas” metodikas.



Meteorologisko apstaklu raksturojums

Meteorologiskie apstakli triju sezonu laika bija at$kirigi. 2009./2010. gada
sezona bija piemérota ziemaju audzeéSanai, nokriSnu daudzums sezonas laika
par 24% parsniedza ilggadigos novérojumus. Aktlvo temperatiiru summa (virs
+5°C) 2009./2010. gada vegetacijas perioda bija 2119.5 °C, kas misu
klimatiskaja zona kopuma ir piemérota ziemaju audz€Sanai. Kopuma
2010./2011. gada sezona apstakli ziema bija nelabveligi ziemaju
parziemoSanai. Aktivo temperatiiru summa (virs + 5 °C) 2010./2011. gada
vegetacijas perioda bija 2065.5 °C. 2011./2012. gada sezona bija labveliga
ziemaju audzgSanai, nokriSnu daudzums sezonas laika par 23% parsniedza
ilggadigos novérojumus. Aktivo temperatiiru summa (virs +5 °C) 2011./2012.
gada vegetacijas perioda bija 2088.8 °C.

Izmantotas kvalitates analiZzu metodes

Graudu un salmu analizes, lai novertétu to piemerotibu bioetanola ieguvei
un apkurei, tika veiktas Valsts Stendes graudaugu selekcijas institiita Graudu
kvalitates un agrokimijas laboratorija. Noteica: mitruma saturu (LVL EN
ISO 721:2010); cietes saturu sausna (LVS EN ISO 10520); kopslapekla saturu
graudiem un salmiem (LVS EN ISO 20483:2007); kopproteina saturu
graudiem (LVS EN ISO 20483:2007), izmantojot koeficientu 5.75; koptauku
saturu (ISO 6492:1999); koppelnu saturu (LVS 276:2000); magnija saturu
(LVS EN ISO 6869); kalcija saturu (GOST 26570-95p2); fosfora saturu (ISO
6492); kalija saturu (LVS EN ISO 6869); kokskiedras saturu (ISO 5498).

Latvijas Valsts Koksnes Kimijas institita noteica oglekla, tGdenraza,
slapekla, skabekla saturu pgc LVS CEN/TS 15104:2005.

Labibu skabbaribai kvalitates analizes veiktas LLU Agronomisko analizu
zinatniskaja laboratorija. Skabbaribas kvalitates raksturoSanai noteica: sausnas
saturu (Forage analyses USA, met 2.2.1.1:1993); kopslapekla un kopproteina
saturu (LVS EN ISO 5983 — 2:2009), izmantojot koeficientu 6.25; oglekla
(CS— 500 analizatora metode), kokskiedras (ISO 5498:1981), koptauku
(IS06492:1999), lignina (LVS EN ISO 13906:2008), cietes (ISO 6493:2000),
NDF (neitrali skalota kokskiedra) (LVS EN ISO 16472:2006), ADF ( skabi
skalota kokskiedra) (LVS EN ISO 13906:2008) saturu; pH KCI
(GOST 26180:1984).

Izmantotas metodes biogazes un bioetanola noteik$anai

Biogazes ieguve. Katras labibas vienas Skirnes skabbaribas paraugi visos
trijos plauSanas laikos tika nosttiti uz BiNoLab laboratoriju Vacija, kur
atbilstoS§i Vacijas inzenieru asociacijas standartam VDI 4630 ,,Organisko
materialu fermentacija”, tika noteikts biogazes iznakums un metana saturs taja.
Biogazes iznakums laboratorija tika noteikts 2 — 3 atkartojumos. Metana
iesp&jamais iznakums no labibu skabbaribas tika arT aprékinats péc literatira
aprakstita vienadojuma (Amon et al., 2007) ((1) formula):
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MEV =5.904 x XP +3.79 x XF + 1.352 x BEV , (1)
kur
MEV — metana iznakums Nm® t" organiskas sausnas,
BEV - bezslapekla ekstraktvielas, %, aprékinatas péc (2) formulas:

BEV=1000-XP-XF-XT-XY, 2)

kur
XP — kopproteins, %, XF — kokskiedra, %, XT — koptauki, %, XY -
koppelni,%.

Biogdzes un metana iznakums izteikts normkubikmetros — Nm® (Nm’ —
kubikmetrs gazes pie 0 °C temperatiiras un 1013 mbar spiediena) no vienas
tonnas organiskas sausnas razas (Nm® t(ODM)™).

Bioetanola eksperimentala ieguve. Praktiska etanola ieguve notika
Latvijas Universitates mikrobiologijas un biotehnologijas institita visam
pétitajam sugam un Skirn€m. Metode pamatojas uz parcukurotu kviesu,
tritikales un rudzu paraugu fermentaciju ar spirta raugu Saccharomyces
cerevisiae ar tai sekojosu etanola iznakuma un fermentacijas atruma aprékinu.
Etanola iznakums no graudiem tika aprékinats pec noteikta cietes satura.
Aprekini veikti p&c Dr. biol. A. Viganta adapteétam formulam.

Siltumsp&ja (kJ kg') laboratorija noteikta saskana ar LVS EN 14918,
Augstakas siltumspgjas noteikSanai tika izmantots skabekla bumbas
kalorimetrs "Parr 1341", kura notiek analiz€jama parauga sadedzinaSana ar
skabekli noslégta bumba, lai izdalitu visu siltuma energiju no parauga. legtist
kurinama augstako siltumsp&ju konstanta tilpuma Qv g . — noteikts laboratorija
kalorimetra. Lai teor€tiski aprékinatu kurinama siltumsp&ju peéc kimisko
reakciju norises, izmantoja (3) formulu.

Q,, =0.34X, +1.26X,, +0.1(Xs — X )—0.02( Xy +X,), ()

kur Q, — teorétiski aprékinata siltumspgja, MJ kg™, X¢ — oglekla daudzums
kurinamaja, %, Xy — Gdenraza daudzums kurinamaja, %, Xg — séra daudzums
kurinamaja, %, Xo — skabekla daudzums kurinamaja, %, Xy — slapekla
daudzums kurinamaja, %, Xp — pelnu daudzums kurinamaja, %

Datu apstrade. Bioetanola, biogazes un apkures izejvielu razas un
kvalitates raditaju datu apstrade tika veikta, izmantojot divfaktoru un
trisfaktoru dispersijas analizi. Kvalitativo un kvantitativo raditaju sakaribu
analizei tika izmantota regresijas un korelacijas analize ar datu rtku ANOVA.
Rezultati analizéti izmantojot 95% bitiskuma Itmeni un vértéts faktoru
ietekmes Tpatsvars (r12, %).



REZULTATI

Labibu skabbaribas piemérotiba biogazes ieguvei

Ziemiju labibu biomasas sausnas raa, t ha”. Biogazes ra’oanas
izejvielai svarigs kvalitates raditajs ir sausnas raza. Ziemas kviesu, tritikales un
rudzu Skirném vidgji augstako sausnas razu ieguva, tos plaujot 70. — 72. AE un
80. — 82. AE: 15.19 — 16.20 t ha' (1. tab.). Dati liecina, ka labibam sausnas
raza palielinajas, augiem nobriestot. Starp pétitajam skirn€m un Iinijam tika
noverotas butiskas atskiribas.

1. tabula/ Table 1
Biomasas sausnas un skabbaribas organiskas sausnas raza
ziemaju labibam dazados novaksanas laikos, t ha™/
Biomass dry matter (DM) yield of winter cereals and organic dry matter
(ODM) yield of silage made from winter cereals, t ha™

. 1 Skabbaribas organiskas
Sausnas raza, t ha N 3
DM vield. t ha sausnas raza t ha/

Labibas/ yield, Silage ODM yield, t ha™
Cereals Augu attistibas etapi/ Growth stages

60.— 62. 70—-72. | 80.—-82. | 60.—-62. | 70.—72. | 80.—82.

AE/GS AE/GS AE/GS AE/GS AE/GS AE/GS
Kviesi/
Wheat 9.04 15.45 15.27 8.06 14.26 14.17
Tritikale/ 9.99 1547 | 1533 9.02 13.93 | 14.16
Triticale
Rudzi/ Rye 7.52 15.19 16.20 6.74 13.65 15.01
RS/LSD 005 2.93 2.69
ABC

* kur A — gads, B — labibas, C — augu attistibas fazes/ where A — year, B — cereal
species, C — growth stage at harwest

Konstatgja butisku (p<0.05) novakSanas gada ietekmi uz labibu sausnas
razu. P&tjjuma gadi péc agroekologiskajiem apstakliem bija atskirigi, lidz ar to
arT iegiitas sausnas razas bija butiski atSkirigas. Labvéligakie apstakli sausnas
razas veidoSanai bija 2011./2012. gada sezona, kad bija ideali ziemoSanas
apstakli un piemerots mitruma un temperatiiras reZims, kas sp&ja nodrosinat
ziemaju labibam visas attistibas fazes augstako biomasas sausnas razu. Arl
biomasas novaksanas laikam bija bitiska ietekme uz labibu sausnas razu.

Organiskas sausnas razai ir biitiska nozime biogazes ieguvé. Biogaze
veidojas fermentacijas procesa, kura bakt€rijas sadala organisko vielu. Tapéc
specifisko biogazes vai metana iznakumu izsaka NL vai Nm® no 1 kg vai 1 t
organiskas sausnas razas. Ziemas kvieSiem un tritikalei augstaka organiskas
sausnas raza pétijuma tika iegiita 70. — 72. AE un 80. — 82. AE. Bitiski
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augstako kvieSu skabbaribas organiskas sausnas razu ieguva no Skirnes
‘Skalmeje’, to novacot 60. — 62. AE un 70. — 72. AE, un no linijas 99 — 115, to
novacot 70. — 72. AE, 80. — 82. AE. Bitiski augstako tritikales skabbaribas
organiskas sausnas razu ieguva no liijas 0002 — 26, to novacot 60. — 62. AE
un 70.- 72. AE, un no Skirnes ‘Dinaro’, to novacot 80. — 82. AE. Augstaka
rudzu skabbaribas organiskas sausnas raza ieglta 80. — 82. AE. Rudziem
butiski (p<0.05) augstaka skabbaribas organiskas sausnas raza iegiita no
Skirnes ‘Matador’, kas novakta 70. — 72. AE un 80. — 82. AE.

Ziemaju labibu skabbaribas kvalitate un metana ieguve

Lai var€tu norisinaties anaerobie procesi biogazes veidoSanas laika, ir
nepiecieSama mikroorganismu attistibai labvéliga vide. Biogazes ieguvi
anaeroba vide ietekmé biomasas sastavs. Kopproteina saturu skabbariba
ietekméja izvéleta suga un labibas novaksanas laiks. Vertgjot kopproteina
saturu starp sugam, biitiski (p<0.05) augstakais kopproteina saturs konstatets
kviesu skabbariba. Kopproteina saturu skabbariba batiski (p<0.05) ietekmgja
novaks$anas laiks un augstaks kopproteina saturs tika konstatéts 60. — 62. AE
novakta skabbariba. Salidzinot kopproteina saturu starp vienas labibu sugas
Skirném, netika noverotas bitiskas atSkirtbas. Augstaks kokskiedras, celulozes,
hemicelulozes, ADF un NDF saturs skabbariba bija paraugos, kas vakti
agrakas attistibas fazés (60. — 62. AE), (1. att.), §1 sakariba novérota visam
pétitajam labibam un Skirn€m.

50 1
40
30
20
10

0

X

60. — 62.(70. — 72.{80. — 82./60. — 62.|70. — 72./80. — 82.60. — 62.|70. — 72./80. — 82.
AE/GS | AE/GS | AE/GS | AE/GS | AE/GS | AE/GS | AE/GS | AE/GS | AE/GS

Kviesi/Wheat Tritikale/Triticale Rudzi/Rye
m Koppelni/ crude ash m Kopproteins/crude protein
Koptauki/crude fat m Kokskiedra/ crude fibre

1. att. Skabbaribas kvalitates raditaji petitajam ziemaju labibam.
Fig. 1. Silage quality indicators for winter cereals (AE means ,, growth stage”).

Bezslapekla ekstraktvielas (BEV) tika iegiitas aprékinu cela. Augstaks
bezslapekla ekstraktvielu saturs teortiski nodro$ina augstaku metana
iznakumu atbilstosi (1) formulai. Agraka augu attistibas fazé novaktai
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skabbaribai BEV iznakums bija zemaks. Tas ir izskaidrojams ar augstakiem
kopproteina, kokskiedras un koppelnu raditajiem Sajas augu attistibas fazes.
Bitiski (p<0.05) augstakais koppelnu saturs visam pétitajam labibam un
Skirném bija 60. — 62. AE novakta labibu skabbariba: 5.9 — 6.8% atkariba no
labibas un $kirnes. Analizgjot skabbaribu, kas novakta 70. — 72. AE un 80. —
82. AE, konstatgja biitiskas atSkiribas koppelnu satura, svarstibas bija robezas
3.7 — 4.6%. Koppelnu saturs arT starp vienas labibas dazadam Skirném bija
butiski atSkirigs. Vertgjot faktoru ietekmes ipatsvaru (1) uz skabbaribas
kimiska sastava raditajiem, butiska (p<0.05) ietekme uz koppelnu,
kopslapekla, kopproteina, koptauku un cietes sastava izmainam bija
skabbaribas novaksanas laikam. ST sakariba tika novérota visam pétitajam
labtbam. Petfjuma tika konstatéts, ka arT koptauku saturu visam pétitajam
labibam ietekméja skabbaribas novaksanas laiks. Koptauku saturs samazinajas
skabbariba, kas novakta vélakas attistibas faz€s. Starp pétitajam labibam
koptauku saturam nebija bitiskas atSkiribas.

Teorétiski aprékinatais metana iznakums (Nm® t(ODM)™) ir atkarigs no
skabbaribas kimiska sastava. Skabbaribas novakSanas laiks ietekmgja
teoretiski aprékinato metana iznakumu. Bitiski (p<0.05) augstako teorgtiski
aprékinato metana iznakumu no tonnas organiskas sausnas nodrosina 60. — 62.
AE novakta skabbariba visam pétitajam labibam. Vidgjais teor€tiskais metana
iznakums 60.— 62. AE bija: kviesiem — 261.6 Nm’ t(ODM)™, tritikalei —
258.5 Nm’t(ODM)" un rudzu skabbaribai 263.6 Nm’ t(ODM)" (2. tab.).
Petitas skirnes ietekme uz metana iznakumu bija neliela.

Novacot ziemas kvieSu skabbaribu vélakas attistibas faze€s, palielinas
teorétiski aprékinata metana ieguve no hektara. Tas izskaidrojams ar sausnas
satura paaugstinasanos biomasa un kop&jo biomasas pieaugumu v&lakas
attistibas fazes. Augstako teorctiski aprékinato metana ieguvi no hektara
(Nm’ha™) vidgji ziemaju labibam ieguva no 80. — 82. AE novaktas tritikales
un rudzu skabbaribas, bet, izmantojot kvieSu skabbaribu, augstako metana
iznakumu no hektara ieguva, to novacot 70. — 72. AE (2. tab.). Teoretisko
metana ieguvi no hektara biutiski (p<0.05) ietekmgja visi pétitie faktori un to
mijiedarbibas. Tomér augstaku ietekmes ipatsvaru (1) uzradija skabbaribas
novaksanas laiks un audzgsanas gada apstaklu atskiribas.

Vertgjot teordtiski aprékinato metana iznakumu (Nm® t(ODM)™') starp
labibam, netika konstatgtas biitiskas atSkiribas neviena skabbaribas novaksanas
laika. Augstako teorétisko metana iznakumu visam pétitajam labibam ieguva
no agraka attistibas faze (60. — 62. AE) novaktas skabbaribas.

Veiktaja pétljuma ziemas kvieSiem laboratorija eksperimentali iegiitais
metina iznakums bija 323.2 — 266.3 Nm® t (ODM)™', atkariba no novaksanas
laika. Tas bija lielaks salidzinajuma ar teor€tiski aprékinato. No tritikales
skabbaribas laboratorija iegiitais metana iznakums bija 300.5 -
276.8 Nm’ t (ODM)". Turpreti no rudzu skabbaribas — 225.1 —
237.7Nm’ t (ODM)™.
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2. tabula/ Table 2
Teoretiski aprékinatais metana iznakums (Nm® t(ODM)™) un ieguve no
hektara (Nm?® ha™) atkariba no audzétas labibas
Specific methane yield (Nm® t(ODM)™) and methane yield (Nm® ha™®)
calculated according to the silage chemical compaosition depending on grown
cereal and its growth stage at harvest

Metana iznakums no tonnas/ Metana ieguve no hektara /
Labibas/ Specific methane yield Methane yield
Cereals 60.-62. | 70.—72. | 80.—-82. | 60.—-62. | 70.—72. 80. — 82.

AE/GS AE/GS AE/GS AE/GS AE/GS AE/GS

Kviesi/
Wheat 261.6 238.8 230.5 2108.5 3369.6 3237.9
Tritikale/ 258.5 234.4 226.5 2057.5 | 29526 3448.9
Triticale
1;;‘321/ 263.6 2324 232.1 17338 | 2576.7 3673.8
Videji/

261.
Average 61.3 235.2 229.7 1966.6 2966.3 3453.6
RS/

8.4 194.0

LS])OAOSABC

* kur A — gads, B — labibas, C — augu attistibas fazes/ where A — year, B — cereal
species, C — growth stage at harwest

Veértéjot laboratorija noteikto metana ieguvi no hektara, augstakos
rezultatus nodroSindja vélakas attistibas faz€s novakta skabbariba, tas
izskaidrojams ar augstaku organiskas sausnas razu S$ajas faz€s. Labakie
rezultati tika iegtti no kviesu skirnes ‘Skalmeje’ — 70. — 72. AE, bet 80. — 82.
AE gatavotai skabbaribai — no tritikales skirnes ‘Dinaro’.

Labibu izmantoS$ana bioetanola ieguveé

Graudu raza bioetanola raZoSanai. Viens no priekSnoteikumiem
bioetanola izejvielu izvele ir izvelétas labibas un Skirnes augsta raziba. No
izm&gindgjuma izmantotajam kvie$u S$kirném augstako vid&jo razas limeni
uzradija §kirnes ‘Mulan’ un ’Skalmeje’, attiecigi 9.72 un 9.50 t ha™. Tritikalei
augstako graudu razu nodro$inaja Skirne ‘Dinaro’ — 9.39 t ha™, tikai nedaudz
zemika (9.18 t ha™') bija ‘SW Valentino’ vidéja raza. Rudziem augstako razu
nodroginaja hibridie rudzi ‘Placido’ — 9.74 t ha'. Gada apstakliem bija biitiska
ietekme uz graudu razu visam labibam, tapat butiska ietekme bija arT Skirnes
un gada audzéSanas apstaklu mijiedarbibai. Skirnes ietekme uz razu bija
bitiska kvieSiem un rudziem. Bitiskas graudu razas atSkiribas starp labibam
netika konstatétas, tomer augstako vidgjo tris gadu razu nodroSindja ziemas
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kviesi — 9.50 t ha™'. Tritikalei un rudziem bija nedaudz zemakas vidgjas razas,
attiecigi — 9.14 un 8.96 t ha™.

Ziemaju labibu graudu kvalitate. Ziemaju labibu graudi ir pieméroti
bioetanola razoSanai, kas pamatojams ar augstu cietes saturu izejviela.
Salidzinot cietes saturu graudos starp labibam, augstako iznakumu vidgji trijos
gados nodrosingja kvie§i — 71.0%. Par 0.7% zemaks vid&jais cietes saturs
atziméts tritikales (70.3%) graudos, bet viszemakais pétljuma atziméts rudzu
graudos — 62.7%; salidzinot ar kvieSiem, tas bija par 8.3% zemaks. Veértgjot
tris audzEsanas gadu datus, novéroja tendenci, ka visaugstakais cietes saturs
graudos bija 2011./2012. gada audz€Sanas sezona, kad ziemaju graudu
veidoSanas laika bija augsts mitruma nodroS§inajums un gaisa temperatiira bija
ilggadigo vidgjo raditaju robezas. Augstako cietes saturu vidgji trijos gados
ziemas kvieSiem nodrosinaja linija 99 — 115 — 71.8%, tritikalei skirne ‘Dinaro’
un linija 0002-26, attiecigi 70.8 un 70.6%. Cietes saturam graudos starp
pétitajam rudzu Skirném nebija ve€rojama butiska atSkirtba 95% bitiskuma
Itment.

Kopproteina saturu graudos ietekméja klimatiskie apstakli, labibas un
Skirnes izv€le. Vertgjot labibas, vidgji trijos gados augstako kopproteina saturu
uzradija ziemas kvieSi — 12.5%. Tritikales un ziemas rudzu graudos bija butiski
zemaks vidgjais kopprotelna saturs, attiecigi 10.5 un 10.3%. Vertgjot
kopproteina saturu starp Skirném audz&to labibu robezas, zemako kopproteina
saturu ziemas kvieSiem vidg&ji tris gadu perioda nodro$inaja linija 99 — 115:
12.3%. Tritikalei zemakais kopproteina saturs graudos bija Skirném
‘SW Valentino’ un ‘Dinaro’ — vidgji tas bija 10.3 un 10.1%. Rudziem
zemakais kopproteina saturs graudos izméginajuma vidgji trijos gados bija
Skirnei ‘Matador’ — 10.0%.

Bioetanola iznakums. Veiktaja pétijuma laboratorija eksperimentali
visvairak bioetanola ieguva no kviesu un tritikales graudiem. Neskatoties uz
to, ka augstakais cietes saturs pétitajam labibam bija ziemas kvieSu graudiem,
eksperimentali augstako bioetanola iznakumu nodrosinaja tritikale — 428.1 L t’
' (2. att.). Vidgjais bioetanola iznakums no ziemas kviesiem bija 420.7 L t.
Zemakais cietes saturs graudos un ari zemakais bioetanola iznakums no 1 t
graudu starp pétitajam labibam konstatéts rudziem — 396.8 L t'. Vertgjot
Skirpu ietekmi uz bioetanola ieguvi, no kviesiem augstako iznakumu no tonnas
graudu nodroginaja linija 99 — 115 (428.7 L t ), kas bija likumsakarigi, jo 3ai
Itnijai bija augstakais cietes un zemakais kopproteina saturs graudos.

Tritikalei I1dzigi, Skirne ‘Dinaro’ ar augstako cietes un zemako kopproteina
saturu graudos nodrosindja augstiko bioetanola iznakumu — 433.7 Lt'. No
rudzu skirném augstako bioetanola iznakumu nodrosingja skirne ‘Matador’ —
400.8 L t', tai graudos bija zemakais kopproteina saturs. Augstako teorétiski
aprékinato un laboratorija iegiito bioetanola iznakumu nodrosindja kviesi un
tritikale.
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m Laboratoriski noteiktais bioetanola iznakums/Experimentally obtained

bioethanol outcome
B Teorétiski aprékinatais bioetanola iznakums/Theoretically calculated bioethanol

outcome

2. att.Vidé€jais laboratorija noteiktais un teorétiski aprékinatais
bioetanola iznakums vidéji atkariba no audzétas labibas, L tt
Fig. 2. Aweraga experimentally obtained and theoretically calculated
bioethanol outcome, L t'*, from cereals.
*RS0.05 praki-=7-40, RS 05 (corstiskic apr-=0-64/ LSDy 05 exper. =740, LSDyg o5 Theor-=6.64

Laboratorija iegiita bioetanola ieguve no hektara, L ha™. Bioetanola
ieguvi no viena hektara ietekm@ bioetanola iznakums (L t') un graudu raza
(tha"). Zemakas graudu razas un lidz ar to bioetanola ieguvi izm&gindjuma
ieguva 2009./2010. gada, kad bija nelabvéligi klimatiskie apstakli graudu
veido$anas laika. Turpreti 2011./2012. gada sezona ieguva visaugstakas graudu
razas visam pétitajam ziemaju labibam, 1idz ar to arT bioetanola ieguve no
hektara bija ievérojami augstaka (4482 — 4597 L ha™). Vértgjot bioetanola
ieguvi no hektara atkariba no pétitas Skirnes, ziemas kvieSiem nekonstatgja
butiskas atskiribas, tomeér nedaudz augstaku bioetanola ieguvi uzradija Skirne
‘Mulan’ — 4042 L ha’'. Tritikalei augstiko bioetanola ieguvi no hektara
nodroginja kirnes ‘SW Valentino’ un ‘Dinaro’, attiecigi — 3911 un 4081 L ha™'.
Sim §kirném bija nedaudz augstakas razas un bioetanola iznakums no vienas
tonnas. Rudziem savukart augstako graudu razu ieguva no skirnes ‘Placido’, kas
ietekm@ja ari iegiito bioetanola ieguvi no hektara — 3851 L ha'. Vertgjot
bioetanola ieguvi no hektara, vid&ji augstako ieguva no tritikales un kviesu
graudiem, attiecigi — 3928 un 4005 L ha™. To nodrosinaja %o labibu augstaka
graudu raza un bioetanola iznakums no vienas tonnas.
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Labibu piemérotiba siltumenergijas razosanai.

Siltumenergijas ieguves aprékiniem ir nepiecie$ama izejvielas sausnas razas
atSkirtbam. Graudu sausnas razai ir lidziga tendence, ka graudu razai pie 14%
mitruma, kas aprakstita nodala par bioetanola ieguvi. Ziemas kvieSu vidgja
salmu sausnas raza bija 6.73 t ha'. Augstaka salmu sausnas raza tika iegiita no
linijas 99 — 115 (7.63 t ha), (3. att.). Tritikalei salmu sausnas raza bija
6.41 tha”, un izmantota tritikales §kirne to batiski neietekm&ja. Rudziem salmu
sausnas raza bija lidziga ka tritikalei — 6.81 t ha™'. Augstako salmu sausnas razu
ieguva no Skirnes ‘Dankowskie Nowe’ — 7.38 t ha'. Vértgjot razu atkariba no
audzgSanas gada, tritikales un rudzu salmu sausnas raza augstaka bija
2009./2010. un 2011./2012. gada.

—_
(=]

B.17 7.97 836 8.17 789 8.08 4, 7.86 838 741 734 771

sg 0675 673 651 597 6.76 641 636 6.69 138 681

S N B~ N
1

Sausnas raza/ Dry matter yield, t hat
Skalmeje
99-115
Mulan
Vidgji /Average
wheat
SW Valentino
Dinaro
0002-26
Vidgji/Average
triticale
Placido
Matador

Dankowskie Nowe
Vidgji/ Average rye

Graudi/Grain Salmi/Straw

3. att. Ziemaju labibu graudu un salmu sausnas raza, t ha™.

Fig. 3. Grain and straw dry matter yield of winter cerels, t ha™.
*graudiem RS ¢ skyiesi =0.46, RS 0,051i=0.47, RS 0,05rud=0.51; salmiem RS  pspyiesi
=1.55, RS (050i=1.02, RS (.05rud2=0.78/ grain LSD g g5uheat =0.46,LSDg gsit=0.47, LSD
0.05rye=0.51; straw LSD g gswhear =1.55, LSD g g54rit=1.02, LSD 05r=0.78

Ziemaju labibu graudu un salmu kvalitates raditaju analize
siltumenergijas razoSanai. Koppelnu daudzums biomasa ir atkarigs no tas
kimiska sastava. Graudu sastava esosie kimiskie elementi — K, P, Si, Na, S, Cl,
Ca, Mg, Fe — ietekmé koppelnu daudzumu un izdedZzu veidoSanos apkures
katlos. P&tito ziemaju labibu graudos koppelnu saturs vidgji bija 1.58 — 1.86%.
Zemako koppelnu saturu konstatgja rudzu un kvieSu graudos, attiecigi 1.58 un
1.63%. Pelnu saturu graudos visam pétitajam labibam butiski (p<0.05)
ietekmg&ja audzéSanas gada meterologiskie apstakli. Zemakais pelnu saturs gan
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salmos, gan graudos konstatéts 2010./2011. un 2011./2012. gada sezona.
Salmos koppelnu saturs vidgji bija 4.61 — 4.92%, tas bija ieveérojami augstaks
neka graudos. Butiski augstako (p<0.05) koppelnu saturu uzradija ziemas
kviesu salmi. Koppelnu saturs salmos biitiski atSkiras starp pétitajam Skirném,
to ietekm&ja Skirnu kimiska sastava atkiribas. Zemako koppelnu saturu
salmos nodro$inaja kviesu skirne ‘Mulan’ un Iinijas 99 — 11, tritikales Skirne
‘Dinaro’ un liijas 0002 — 26, rudzu skirnes ‘Matador’ un ‘Dankowskie
Nowe’. Biomasas kimiskais sastavs ietekme& kurinama materiala kvalitati.
Slapekla saturs ziemaju graudos pétijuma bija no 1.91 Iidz 2.19%, bet ziemaju
salmos slapekla saturs bija ievérojami mazaks 0.54 — 0.64%. Augstakais
vidgjais slapekla saturs tika konstatéts kvieSu graudos — 2.19%, kas var bt
izskaidrojams gan ar genétiskam ipatnibam, gan ar augstaku pielietoto slapekla
papildméslojumu normu.

Slapekla saturs graudos bija augstaks neka salmos, un bitiski augstaks tas
bija kvieSu graudos. Salmos, salidzinot ar graudiem, bija zemaks fosfora un
magnija saturs, turpreti augstaks kalija un kalcija saturs. Starp pargjiem
noteikto ktmisko elementu rezultatiem nebija lielas atskiribas. Tika noverotas
butiskas rezultatu atSkiribas atkariba no pétitas labibas.

Siltumspéja. Labibu graudiem videja laboratorija noteikta augstaka
siltumspgja bija 17.80 MJ kg (3. tab.), kas starp pétitajam labibam biitiski
neatskiras.

3. tabula/ Table 3
Ziemaju labibu teoréetiski apréekinata un laboratorija
noteikta augstaka siltumspeja, MJ kg™
Theoretically calculated and experimentally obtained highest heating values,

MJ kg™
Laboratorija Teorétiski Laboratorija Teorétiski
noteikta aprekinata noteikta aprekinata
augstaka augstaka augstaka augstaka
IngbaIS/ siltumspgja/ siltumspgja/ +, siltumspgja/ siltumspgja/ +,
ereals Experimentally | Theoretically % Experimentally | Theoretically %
obtained calculated obtained calculated
highest highest highest highest
heating values | heating values heating values | heating values
graudi/ grain salmi/ straw
Kviesi/
Wheat 17.83 20.40 -12 18.65 19.75 -6
Tritikale/
Triticale 17.71 20.19 -13 18.66 19.88 -6
Rudzi 17.85 2044 | .13 | 19.08 2015 | -5
ye
Vidgji/
X X
Average 17.80 20.34 18.80 19.93
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Salmiem vidgji augstaka laboratorija noteikta siltumspgja bija 18.80 MJ kg’
!, Vislielako augstako siltumsp&ju ieguva no rudzu salmiem — 19.08 MJ kg™

Kviesu un rudzu salmiem laboratorija noteiktai augstakai siltumspgjai
netika noverotas bitiskas atSkirtbas atkariba no pétitas skirnes, turpreti
tritikalei augtaku siltumsp&ju uzradija linijas 0002 — 26 salmi (19.49 MJ kg™).
Petfjuma tika noverotas augstakas siltumspgjas atskiribas starp aprékinato un
laboratorija eksperimentali iegiito rezultatu. Graudiem laboratorija noteiktais
rezultats bija par 13% zemaks, salidzinot ar teorétiski aprékinato. Salmiem St
atSkiriba bija 6%. Iznakuma atskiriba jeb zudumi veidojas siltuma razoS$anas
procesa.

Nozimigs raditajs biomasai ir siltumenergija, kas iegtita no viena hektara.
So raditaju ietekmé biomasas raza un 1 t siltumsp&ja. No graudiem vidgji tika
iegiiti 137.2 — 145.4 MJ ha’', turpreti no salmiem — 119.8 — 271.1 MJ ha™
(4. att.). No graudiem iegiito siltumenergijas daudzumu no 1 ha ne pétita
labiba, ne skirne neietekméja butiski 95% Iiment.
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Siltumenergijas ieguve/
Thermal energy, MJ ha !
S
o

Graudi/Grain  Salmi/Straw Graudi un  Graudi un 30%
100% salmu/Grain
salmu/Grain and 30% straw
and 100% of
straw

Kviesi/Wheat  ® Tritikale/Triticale ~ ®Rudzi/Rye

4. att. Laboratorija noteikta ziemaju labibu siltumenergijas ieguve, MJ ha’
1

Fig. 4. Experimentaly obtained thermal energy from winter cereals, MJ ha™.

No rudzu salmiem iegito siltumenergijas daudzumu bitiski neietekméja
petita skirne, turpret kvieSiem augstakus rezultatus uzradija Skirnes ‘Mulan’
un Iinijas 99 — 115 salmi (127.1 un 142.2 MJ ha™), bet tritikalei — Iinijas 0002
— 26 salmi (132.0 MJ ha™"). Izvértgjot iegiito siltumenergiju, ko var iegit,
apkurei izmantojot visus salmus un graudus, augstaku rezultatu ieguva no
kviesiem — 271.1 MJ ha’, nedaudz zemaku rezultatu ieguva no rudziem —
267.3 MJ ha™', bet zemako siltumenergijas ieguvi nodroginaja tritikale — 258.6
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MIJ ha'. Apkurei Latvija ieteicams lietot vienu treSo dalu no salmu razas,
pargjo salmu masu iestradajot augsné. Izvertgjot iegito siltumenergijas ieguvi,
ja izmanto kopa graudus un 30% no salmu masas, tika konstatéts, ka praktiski
noteiktas siltumenergijas iznakums no labibam bija 178.8 — 187.3 MJ ha™".

Iegiito izejvielu un energijas veidu ekonomiskais novertéjums

Izejvielu raZoSanas izmaksas. Tris gadu vidgjie raditaji liecina, ka
augstakas izejvielu razoSanas izmaksas ir kvieSu skabbaribai (5. att.), kas
pamatojams ar augstakam slapekla méslojuma normam un seklas izmaksam, jo
tika izmantotas jaunas augstrazigakas Skirnes. Vertgjot labibas dazados
attistibas etapos, 60. — 62. AE zemakas bija tritikales skabbaribas organiskas
sausnas izmaksas (84.87 EUR t), bet, novacot labibas 70. — 72. un 80. —
82. AE, — populacijas skirnpu rudzu skabbaribas organiskas sausnas izmaksas,
attiecigi 45.56 EUR t" un 44.09 EUR t™.

Kvie$i/Wheat
120

Populacijas
rudzi/Open pollinated Tritikale/Triticale
rye
Hibridie rudzi/Hybrid
Graudi/Grain e

= Skabbariba sagatavota/Silage prepared 60. - 62. AE/GS
== Skabariba sagatavota/ Silage prepared 70. - 72. AE/GS
= Skabbariba sagatavota/Silage prepared 80. - 82. AE/GS
== Salmi/ Straw

5. att. Ziemaju labibu graudu, salmu un skabbaribas audzés$anas
izmaksas, EUR t.
Fig. 5. Grain, straw, and silage cultivation costs for winter cereals, EUR t™.
*skabbaribas izmaksas rékinatas uz 1 t organiskas sausnas/ where silage costs have
been calculated per 1t of organic dry matter

Analiz€jot izmaksas uz vienu hektaru: zemakas bija salmu, ka
blakusprodukta izmaksas (62.28 EUR ha™). Patito labibu skabbaribas
audzeSanas izmaksas sugu ietvaros uz 1 hektaru bija vienadas neatkarigi no ta,
kura augSanas faze tika novakta labiba (6 att.).
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Kvie$i/Wheat
800

6
Populacijas
rudzi/Open Tritikale/Triticale
pollinated rye
Hibridie
rudzi/Hibryd rye
Graudi/Grain Skabbariba/Silage === Salmi/Straw

6. att. Ziemaju labibu graudu, salmu un skabbaribas sausnas
audze$anas izmaksas, EUR ha™.
Fig. 6. Grain, straw, and silage dry matter cultivation cost for winter cereals,
EUR ha™.

Izejvielu energétiska vertiba

Svarigs raditajs energétisko augu audzé$ana un izmanto$ana dazadiem
energijas veidiem ir to energétiska veértiba. Energija tiek izteikta MWh no
masas vienibas (t) vai laukuma vienibas (ha). legiistot biogazi, visam labibam
un skirném tika noverota tendence, ka, novacot biomasu velaka augu attistibas
fazg, masas vienibas energétiska vertiba samazinas. Visam pétitajam labibam
§is raditajs 60. — 62. AE bija lidzigs — 2.86 — 2.92 MWh t", vélakas attistibas
fazes skabbaribai bija zemaka energétiska veértiba: 70. —72. AE — no 2.57 lidz
2.64, bet 80. — 82. AE: no 2.51 Iidz 2.57 MWh t"'. Energgtisko vértibu no
hektara ietekm&ja metana ieguve no ha, kas atkariga no razas. Likumsakarigi,
ka, novacot labibu vélakas attistibas fazés (80. — 82. AE), ieguva augstaku
energijas daudzumu no 1 ha, jo ieguva vairak metana no hektara. legitais
energijas daudzums atbilstosi teor€tiskajiem aprékiniem bija 35.41 -
38.49 MWh ha' atkariba no labibas (4. tab.). Ari atbilstosi laboratorija
noteiktajam metana iznakumam lielaku metana ieguvi no 1 ha nodroSinaja
velaka attistibas faze (80. — 82. AE) novakta skabbariba.

Iegiistot etanolu, tika konstatéts, ka augstaka energétiska vértiba ir tritikalei
— 2.53 MWh t, kas bija likumsakarigi, jo ari augstako etanola iznakumu (L
ha') ieguva no tritikales graudiem. P&tfjuma energijas ieguve, raZojot
bioetanolu no tritikales graudiem, bija 23.13 MWh ha™, kas ir izskaidrojams ar
augstaku graudu razu no hektara. Energijas ieguve no kvieSiem, kuru vidgja
raza izmégindgjuma bija 9.50 t ha’, vidgji visam pétitajam Skirném bija

19



23.53 MWh ha™'. Energijas ieguve, ja bioetanolu razo no rudziem, bija zemaka
21.02 MWh ha™.

4. tabula/ Table 4
Tegiita energija no ziemaju labibam, MWh ha'/
Energy production from winter cereals, MWh ha™

Siltumenergijas razo$ana/ Bioetanols/
Production of thermal energy | Bioethanol Metans/Methan*
100% skabbariba, novakta atskirigas
salmi un attistibas fazes/
Labibas/ . | graudi/ ) Silage made in certain growth
Cereals graudi/ S?ll‘l‘ll/ 100% graudi/ stage
grain | straw straw grain 0 .- | g0 52
and 62. 72 | AEGS
grain AE/GS AE/GS
vaEf;/ 4038 | 3491 | 7529 2353 2335 | 3731 | 3538
Tritikale! |46 38 | 3328 | 73.66 23.13 2583 | 36.13 | 3541
Triticale
Rudzi/Rye | 39.63 | 34.78 74.41 21.02 19.54 34.87 38.49

*péc teorctiskajiem aprekiniem/ on the basis of theoretical calculations

Ziemdju labibu salmu un graudu energétiska vértiba, tos izmantojot
kurinSanai. No graudiem tika iegiitas 4.92 — 4.96 MWh t', atkariba no
labibas, bet salmu tonna nodroginaja vairak energijas: 4.68 — 5.30 MWh t .
Aprekinot energijas ieguvi no hektara, augstakus rezultatus uzradija ziemaju
graudi (38.12 — 40.38 MWh ha'), salidzingjuma ar salmiem (33.28 —
39.14 MWh ha™), galvenokart tapéc, ka graudu raza bija augstaka, salidzinot
ar salmiem.

Salidzinot energijas ieguvi atkariba no dazadiem ziemaju labibu
izmanto$anas veidiem, jasecina, ka augstako energijas daudzumu no tonnas
izejvielas ieguva no ziemaju labibu salmiem, ko izmantoja siltumenergijas
razo$anai. Augsts energijas iznakums no tonnas izejvielas tika iegits ari no
graudiem, tos sadedzinot. Vértgjot siltumenergijas ieguvi no hektara, augstaku
rezultatu ieguva, sadedzinot graudus. Ja ziemaju labibu skabbaribu izmantoja
metana razoSanai, tad gan atbilsto$i teorétiskajam aprékinam, gan laboratorija
iegiitiem rezultatiem, augstakais energijas iznakums MWh t' tika iegits,
skabbaribu gatavojot 60. — 62. AE. Metana razo$ana energijas ieguve no
hektara (MWh ha™') augstika bija, ja skabbaribu gatavoja vélakas attistibas
fazés. Konstateja, ka atbilstosi teoretiskajam aprékinam energijas ieguve
MWh ha™' bija mazaka, neka metanu iegiistot laboratorija. Zemako energijas
iznakumu no tonnas izejvielu nodrosSindja, graudu izmantoSana bioetanola
ieguvei. RaZojot bioetanolu no ziemaju labibam, energijas ieguve no hektara
augstaka bija, izmantojot kvieSus.
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Komplekss energijas razoSanu raksturojoss raditajs ir izejvielas izmaksas
(EUR), lai sarazotu vienu MWh energijas Augstakas izejvielas izmaksas
1 MWh bija, razojot etanolu no graudiem. Salidzinot tris labibas, izejvielu
izmaksas augstakas bija, ja etanolu ieguva no kvieSu un tritikales graudiem.
Zemakas 1 MWh razoSanai nepiecieSamas izejvielu izmaksas bija, ja
izmantoja hibridos rudzus (4. tab.).

Razojot metanu, izejvielu izmaksas 1 MWh razoSanai bija atkarigas no
skabbaribas novakSanas laika. Zemakas tas bija, ja izmantoja kvieSu un
tritikales skabbaribu vélakas attistibas fazés. Viszemakas izejvielu izmaksas
1 MWh razo$anai konstatja, razojot siltumenergiju no salmiem, kas ir
blakusprodukts. Veértgjot audz&to labibu graudu izmantoSanu siltumenergijas
ieguvei, zemakas izmaksas 1 MWh razoSanai bija, izmantojot hibrido rudzu
Skirni ‘Placido’. ArT pienemot, ka apkurei izmantos gan 100% salmus, gan
graudus, hibrido rudzu Skirmei 1 MWh izmaksas bija zemakas
(14.54 EUR MWh™). Izmantojot kvie$u un tritikales graudus, 1 MWh
izmaksas bija augstakas.

5. tabula/ Table 5
Izejvielu izmaksas, lai saraZzotu 1 MWh energijas, EUR
Cost of raw materials for production of LMWh energy, EUR

Siltumenergijas razo$ana/
Production of thermal Bioetanols/
energy Bioethanol Metans/Methan
100% skabbariba, novakta atskirigas
Labibas/ salmi un attistibas fazes/
real . . di/ . silage made in certain growth
Cereals grau_dl/ salmi/ ’?88%1) grau_dl/ 9 stage g
grain straw grain
straw 70. —
and 60. — 62. 7 80. — 82.
grain AE/GS AE/GS AE/GS
Kviesi/ 17.05 | 0.62 | 17.67 34.18 2129 | 1355 | 1641
Wheat
Tritikale/ | 709 | 068 | 1797 | 3363 | 2194 | 1613 | 1421
Triticale
Populaciju
rudzi*/
Open 15.43 0.73 16.16 32.67 x X x
pollinated
rye
Hibridie
rudzi/ 1385 | 0.69 | 1454 | 2073 | 3874 | 2004 | 1832
Hybrid
rye

*populaciju rudziem metana iznakums netika noteikts laboratorija/ specific methane
yield of open pollinated rye was not determined experimentally in the laboratory

21



Tomer japiezimé, ka izejvielas tieSi sadedzinot, wuzreiz iegist

siltumenergiju, kas ir gala produkts. ITegiistot energiju no metana un bioetanola,
to var izmantot gan apkurei, gan elektribas razoSanai, gan ka degvielu
transporta sektora. Lidz ar to no metana un bioetanola iegfita energija ir
augstvertigaka.

SECINAJUMI

Bitiski (p<0.05) augstakas vidéjas sausnas raZas visam pétitajam ziemaju
labibam ieguva 70. — 72. AE un 80. — 82. AE. Sausnas razas apjomu butiski
ietekm@ja audz@Sanas gads, suga un Skirne un labibu novaksSanas laiks
skabbaribas gatavoSanai.

Teoretiski aprékinatais metana iznakums no vienas masas vienibas
organiskas sausnas bija lidzigs (p>0.05) visam tris labibam, bet augstakais
tas bija, ja skabbaribu gatavoja 60. — 62. AE. Tomér, nosakot metana
iznakumu laboratorijas apstaklos, labibas izvélei uz rezultatu bija butiska
ietekme, turpreti skabbaribas novaksanas laikam — nebija vérojama biitiska
ietekme. Augstaku metana iznakumu no vienas masas vienibas organiskas
sausnas nodro$inaja ziemas kvieSu un tritikales skabbariba.

Augstiko vidéjo metina ieguvi no hektara (Nm® ha™) tritikale un rudzi
nodro§ingja, ja tos novaca 80. — 82. AE, bet kvie$i — tos novacot 70. —
72. AE.

Augstako teoretiski aprékinato un laboratorija noteikto etanola iznakumu
no graudu tonnas (L t') nodrogindja kviesi un tritikale. Skirnu ietekme
uz etanola iznakumu tika konstatéta gan kvieSiem, gan tritikalei, bet
rudziem bitiska Skirnes ietekme uz So raditaju netika konstateta.

Augstiko etanola ieguvi no hektara (L ha') nodrofindja tritikile un
kviesi. Biitiska ietekme uz etanola ieguvi no hektara bija audzé$anas gada
meteorologiskajiem apstakliem.

Ziemaju graudu un salmu sausnas raZu ietekm&ja audz€Sanas gada
meteorologiskie apstakli, bet uz tris gadu vidgjiem raditajiem netika
konstateta butiska sugas ietekme. Audz&to labibu ietvaros vienigi ziemas
kvieSiem konstatgja biitisku Skirnes ietekmi uz salmu sausnas razu.

Gan salmu, gan graudu teorétiski aprékinata siltumspéja bija augstaka,
ka laboratorija noteikta. Teor€tiskajos aprekinos konstatgja, ka graudiem
bija augstaka siltumspgja, salidzinot ar salmiem. No pétitajam labibam
teorétiski aprekinato augstako siltumspgju uzradija kviesu un rudzu graudi,
ka arT rudzu salmi. Tom@r laboratorija iegutie dati bija pretruna ar
teoretisko aprékinu, jo nedaudz lielaku augstako siltumsp&ju konstatgja
salmiem. Lielako augstako siltumsp&ju uzradija rudzu salmi, bet visu pétito
labibu graudi bija lidzvertigi atbilstosi Sim raditajam.

Vairak siltumenergijas no hektara var sarazot, izmantojot labibu graudus,
nevis salmus. Izmantojot graudus, bitisku labibu sugas un Skirnes ietekmi
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10.

11.

uz siltumenergijas ieguvi no hektara nekonstatgja, bet, izmantojot salmus,
butiska skirnes ietekme tika konstatéta tikai kvieSiem un tritikalei.
Zemikas skabbaribas raZo$anas izmaksas (EUR t7) visam sugam bija,
ja labibu biomasa novakta 70. — 72. un 80. — 82. AE, bet starp labibam —
izmantojot populacijas Skirnes rudzus. Zemakas graudu audzeSanas
izmaksas (EUR t') bija populacijas un hibridas $kirnes rudziem. Ari
izejvielu izmaksas, rékinot uz 1 ha, zemakas bija populacijas un hibrido
Skirpu rudziem gan razojot skabbaribu, gan graudus.

Visvairak energijas (MWh ha™) ieguva, raZojot siltumu no labibu
salmiem un graudiem. Nedaudz zemaku rezultatu deva ziemaju labibu
skabbaribas izmanto$ana metana ieguvei, ja kvieSu un tritikales skabbaribu
gatavoja 70. — 72. AE, bet rudzu — 80. — 82. AE. RaZojot etanolu no
graudiem, energijas iznakums no hektara bija zemakais.

Zemakas izejvielu izmaksas, lai iegiitu vienu MWh energijas,
konstatgja siltumenergijas razoSana. Iegastot | MWh energijas no metana,
izejvielu izmaksas vidgji bija nedaudz augstakas, bet starp labibam
zemakas tas bija, izmantojot tritikales un kvieSu skabbaribu, kas gatavota
velakas attistibas fazeés (70. — 72. un 80. — 82. AE). Augstakas 1 MWh
izmaksas bija, razojot etanolu no graudiem.
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INTRODUCTION

Frugal use of energy sources and production thereof from renewable raw
materials bears global relevance. Use of renewable energy sources has been
put forward as a future priority for energy sector, and this priority is being
governed by the Directive 2009/28/EC for the period until 2020. Given the
topicality of the issue, the thesis covers research on suitability of winter cereals
as renewable sources for the production of biogas and bioethanol, as well as on
utilisation of both grain and straw for the production of thermal energy.

Biogas can be produced from raw materials of agricultural and industrial
origin. The agricultural raw materials include agricultural by — products and
also so-called cultivated energy crops. Crop biomass is being ensilaged in
order to allow for its use throughout a whole year. Biogas obtained by
employing the anaerobic fermentation process is a cost — effective and CO, —
neutral source of renewable energy which provides an opportunity to process
cultivated energy crops. Contrary to fossil fuels, biogas obtained via anaerobic
fermentation is a fully renewable source, as it is produced from biomass which
accumulates the captured sun's energy by the process of photosynthesis. In
accordance with research of scientists from abroad the winter cereals can be
utilised as a renewable energy source, as it provides high yield of biomass
which can be ensilaged conveniently. Research of the kind in Latvia has been
carried out rarely and on a random basis.

Bioethanol is being ever-increasingly used as a substitute for petrol in
many countries worldwide. Bioethanol is being produced mostly from the
renewable biomass which contains sugars, starch and lignocellulose. As
regards cereals to be used for the production of bioethanol in local conditions
of Latvia, grain with high content of starch and low content of proteins could
be suitable. The needs of the production of bioethanol could be met by winter
wheat (Triticum aestivum), triticale (xTriticosecale) and rye (Secale cereale).
The scope of rye, wheat and triticale varieties grown in Latvia is wide, yet it
has been hitherto rarely researched for the purposes of the production of
bioethanol. Data on utilisation of rye, wheat and triticale varieties for the
production of bioethanol would help the cereal growers to meet the
requirements of processing industry and to supply grain of adequate quality for
the production of renewable energy.

Possible use of grain and straw in heating. The material most commonly
used for heating in Latvia so far has been the renewable energy source of
forest origin, namely, wood, whose regeneration process is quite slow. Other
by-products of agricultural production, for instance, straw and grass, can be
utilised in production of alternative thermal energy. Biomass of high value to
be used in production of thermal energy must have the following properties —
high yield, low ash content, low moisture content and high combustion
efficiency. Given the changing weather conditions present in Latvia, years
occur in which the harvested grain fail to meet the quality requirements of food
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production and even of feed production. The grain which cannot be used for
the production of either food of feed are among the types of biomass which
could be used in heating. Use of straw as heating fuel is widely common
elsewhere in Europe, and it could be used so also in Latvia.

Hypothesis statement: winter cereals are suitable for production of several
types of renewable energy sources in local conditions of Latvia.

The aim of the research was to determine the suitability of winter cereals for
production of different types of renewable energy sources.

Assigned tasks of the research

1. To evaluate the suitability of winter wheat (Triticum aestivum), triticale
(xTriticosecale) and rye (Secale cereale) varieties for the production of
biogas depending on the species, variety and developmental phase during
the harvest.

2. To evaluate the suitability of winter wheat, triticale and rye varieties for the
production of bioethanol.

3. To evaluate the suitability of winter wheat, triticale and rye varieties (grain
and straw) for the use in heating.

4. To provide the complex assessment for use of winter cereals in the
production of renewable energy.

Scientific novelty of the paper

1. Developmental phase of cereals which is the most suitable in Latvia for
harvesting of biomass with a view to utilise the silage thereof in production
of biogas has been established.

2. Detailed assessment of the chemical composition of three cereal species'
biomass, grain and straw, as well as detailed assessment of the chemical
compositions' effect on the outcome of acquired energy of various types
(biomass, bioethanol, thermal energy) from a mass unit, have been carried
out under identical conditions.

3. A comprehensive assessment of three winter cereals species under identical
conditions for the purpose of production of various types of renewable
energy in Latvia has been carried out for the first time.

Findings of the research have been elaborated upon in 10 scientific
publications drawn up in English, Latvian and Russian, including
internationally reviewed scientific papers published in the Proceedings of
international conferences, congresses and scientific seminars.

Six oral and six poster presentations on the scientific research findings have
been given in international conferences, congresses and scientific seminars.
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MATERIALS AND METHODS

Methodology for setting up the field experiments

The field experiments were carried out in State Stende Cereals Breeding
Institute from 2009/2010 until 2011/2012. Three genotypes (varieties or
breeding lines) per each cereal species were examined in course of research,
namely, wheat — ‘Mulan’, ‘Skalmeje’ and ‘99-115" which is a breeding line
developed in State Stende Cereals Breeding Institute, triticale -
‘SW Valentino’, ‘Dinaro’ and ‘0002-26’ which is a breeding line developed by
the State Priekuli Plant Breeding Institute, rye — ‘Matador’, ‘Placido’ and
‘Dankowskie Nowe’.

Conduct of the field experiments was set up in two parts. In course of the
first part, the cereals were sown with a view to obtain biomass and prepare
silage which later served for the production of biogas. Sowing of the biomass
cereals was arranged in three experiment blocks which were harvested at three
different crop developmental phases:

o flowering (growth stage (hereinafter — "GS") 60 — 62);

e  milk ripening stage (GS 70 — 72);

e  Dbeginning of the yellow ripening stage (GS 80 — 82).

In course of the second part, the cereals were sown to obtain grain and straw in
order to assess the bioethanol outcome as well as the utilisation of grain and
straw for the production of thermal energy.

The plots in all cases covered 12 m’, and all variants were arranged in a
random manner in 4 repetitions. The experiment was set up in sod-podzolic
gley soil (Soil diagnostics..., 2008), (Stagnic Retisol (Loamic) (World
Reference Base..., 2014)), soil granulometric composition — loam (in
accordance with the N. Kachinsky system), agrochemical indicators: organic
matter — on average 19 — 24 g kg of soil (in accordance with the Tyurin
method), soil exchange reaction pH KCl— 5.3 — 5.8, available for plants P,Os
content — 83 — 229 mg kg™' of soil and available for plants K,O content — 126 —
181 mg kg™ of soil (in accordance with the Egner-Riehm method).

Sowing was carried out in the 2™ ten — day period of September
(18 September 2009, 14 September 2010, 15 September 2011). The sowing
rates applied in all years expressed in germinable seeds per m*> were 200 for
hybrid rye (‘Placido’), 400 for open pollinated rye and triticale and 450 for
wheat.

Mowing of the biomass intended for preparation of silage for biogas
production and assessment of dry matter yield was carried out with a hand —
held mowing — machine. One average sample from four repetitions was taken
from each variety on the field, and each sample was split into two parts, as
follows: 1) a sample for the production of biogas (which was subsequently
ensilaged) and 2) a sample for the quality analysis. In order to determine the
straw yield and to assess their suitability for heating, the grain/straw ratio was
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determined. In order to obtain grain and straw, the respective cereals were
harvested at GS 88 — 92 by means of direct combining. The grains of cereals
underwent drying and cleaning, and the yield was determined under conditions
of 14 % humidity and 100 % purity.

The prime costs of cultivation and preparation of grains and silage of
winter cereals were calculated on the basis of methodology of the Rural
Consultations and Education Centre of Latvia (LLKC).

Description of weather conditions

Weather conditions in the three trial years differed. The 2009/2010 was
suitable for cultivation of winter cereals, as precipitation readings throughout
the period exceeded those of long-term observations by 24%. The sum of
active temperatures (above +5 °C) throughout the 2009/2010 growing season
was 2119.5 °C which is generally deemed to be suitable for cultivation of
winter crops in our climatic zone. On the whole, the winter weather conditions
in 2010/2011 were unfavourable for overwintering of winter cereals. The sum
of active temperatures throughout the 2010/2011 growing season was
2065.5 °C. The 2011/2012 was favourable for cultivation of winter cereals, as
precipitation readings throughout the period exceeded those of long-term
observations by 23%. The sum of active temperatures throughout the
2011/2012 growing season was 2088.8 °C.

Methods used for quality analysis

Analyses of grain and straw with a view to assess their suitability for the
production of bioethanol and in heating were carried out in Laboratory of
Grain Technology and Agrochemical Research of the State Stende Cereals
Breeding Institute. The following were determined: moisture content (LVL EN
ISO 721:2010); starch content in dry matter (LVS EN ISO 10520); crude
nitrogen content of grain and straw (LVS EN ISO 20483:2007); crude protein
content of grain (LVS EN ISO 20483:2007) by applying a ratio of 5.75; crude
fat content (ISO 6492:1999); crude ash content (LVS 276:2000); magnesium
content (LVS EN ISO 6869); calcium content (GOST 26570-95p2);
phosphorus content (ISO 6492); potassium content (LVS EN ISO 6869); crude
fibre content (ISO 5498:1981).

Carbon, hydrogen, nitrogen and oxygen contents were determined in
accordance with LVS CEN/TS 15104:2005 in the Latvian State Institute of
Wood Chemistry.

Quality analyses of the cereals for silage were carried out in the Scientific
Laboratory of Agronomic Analysis of the LLU. The following contents were
determined for the purpose of silage quality assessment: dry matter (Forage
analyses USA, met 2.2.1.1:1993); crude nitrogen and crude protein (LVS EN
ISO 5983 —2:2009) by applying a ratio of 6.25; carbon (by means of CS — 500
analyser method); crude fibre (ISO 5498:1981); crude fat (ISO 6492:1999);
lignin (LVS EN ISO 13906:2008); starch (ISO 6493:2000); NDF (neutral
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detergent fibre) (LVS EN ISO 16472:2006); ADF (acid detergent fibre)
(LVS EN ISO 13906:2008); pH KC1 (GOST 26180:1984).

Methods used to determine biogas and bioethanol

Production of biogas. Silage samples of each variety of each cereal
species obtained during each of the three mowing exercises were delivered to
the BiNoLab laboratory in Germany where biogas outcome and methane
content therein were determined in accordance with the standard VDI 4630
"Fermentation of organic materials" of the Association of German Engineers.
The biogas outcome was determined experimentally in the laboratory by
carrying out 2 — 3 repetitions. In addition, specific methane yield was also
calculated on the basis of an equation described in scientific literature
(Amon et al., 2007) (formula (1)):

MEV =5.904 x XP +3.79 x XF + 1.352 x BEV , (1)
where:
MEV - specific methane yield, Nm® per t" of organic dry matter;
BEV - nitrogen-free extracts, %, calculated on the basis of formula (2):

BEV=1000-XP-XF-XT-XY, 2)
where:
XP — crude protein, %; XF — crude fibre, %; XT — crude fat, %; XY — crude
ash, %.

Biogas outcome and specific methane yield is expressed in Nm® (Nm® —
1 m® of gas at 0 °C temperature and 1013 mbar pressure) per one tonne of
organic dry matter yield (ODM) (Nm’ t(ODM)™).

Experimental production of bioethanol. The experimental production of
ethanol from all species and varieties covered by the research was carried out
in the Institute of Microbiology and Biotechnology of University of Latvia.
The method applied consisted of fermentation of the highly sugared samples of
wheat, triticale and rye with yeast Saccharomyces cerevisiae and subsequent
calculations of the ethanol outcome and the speed of fermentation. The ethanol
outcome from the grain was calculated on the basis of the determined starch
content. Calculations were carried out on the basis of formulas adapted by
Dr. biol. A. Vigants.

Experimentally obtained heating value (kJkg"') was determined in
accordance with LVS EN 14918. In order to determine the highest heating
value, an oxygen bomb calorimeter "Parr 1341" was used whereby the sample
is being combusted with oxygen in a round-shaped enclosure to extract all
calorific energy from the sample. Highest heating value of the heating fuel in
constant volume Qv gor Was thus obtained — determined experimentally in the
laboratory with a calorimeter. After conduct of the chemical reactions a
formula (3) was used to carry out theoretical calculations of heating values of
the heating fuels.
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Qu =0.34X¢ +1.26X,, +0.1(Xs =X )—0.02( X +X, ). ()

where: Q,, — theoretically calculated heating value, MJ kg"'; Xc — carbon
content in the heating fuel, %; Xy — hydrogen content in the heating fuel, %;
Xs — sulphur content in the heating fuel, %; X — oxygen content in the heating
fuel, %; Xy — nitrogen content in the heating fuel, %; Xp — ash content in the
heating fuel, %.

Data processing. Processing of the data on yield and quality indicators of
raw materials for bioethanol, biogas and heating was carried out by means of
two- and three-factor analysis of variance. Analysis of correlation between
quality and quantity indicators was carried out by means of regression and
correlation analysis with the data-processing tool ANOVA. Confidence level
of 95% was applied and factors' effect rate (°, expressed in %) was assessed
in analysis of the results.

RESULTS

Suitability of cereals’ silage for production of biogas

Dry matter yield of winter cereals' biomass, t ha™. Dry matter yield is an
important quality indicator of the raw materials for the production of biomass.
The highest average dry matter yield of winter wheat, triticale and rye varieties
was obtained from samples harvested at the GS 70 — 72 and GS 80 — 82,
namely, 15.19 — 16.20 t ha” (Table 1). The data indicate that the dry matter
yield increased in step with the maturation. Substantial differences were
observed across varieties and breeding lines covered by the research.

Substantial (p<0.05) effect of harvest timing on the cereals dry matter yield
was observed. Given the differing agroecological conditions throughout the
years covered by the research, the obtained dry matter yields also differed
substantially. The most favourable conditions for development of dry matter
yield were those of the 2011/2012 when ideal conditions for overwintering as
well as suitable humidity and temperature regime were present, which secured
higher dry matter yield of winter cereals biomass than those of other trial
years. Cereals dry matter yield was also substantially affected by biomass
harvest timing.

Organic dry matter (ODM) yield has a significant role in production of
biogas. Biogas develops in fermentation process whereby bacteria disperse the
organic matter. Therefore specific biogas outcome or specific methane yield is
being expressed in NL or Nm® per 1 kg or 1t of organic dry matter yield. As
regards winter wheat and triticale, the highest organic dry matter yield was
obtained at GS 70 — 72 and GS 80 — 82. As regards wheat silage, the
substantially highest organic dry matter yield was obtained from variety
‘Skalmeje’ harvested at GS 60 — 62 and GS 70 — 72, as well as from breeding

30



line ’99 — 115 harvested at GS 70 — 72 and GS 80 — 82. As regards triticale
silage, the substantially highest organic dry matter yield was obtained from
breeding line ‘0002 — 26’ harvested at GS 60 — 62 and GS 70 — 72, as well as
from variety ‘Dinaro’ harvested at GS 80 — 82. The highest rye silage organic
dry matter yield was obtained at GS 80 — 82. As regards rye silage, the
substantially (p<0.05) highest organic dry matter yield was obtained from
variety ‘Matador’ harvested at GS 70 — 72 and 80 — 82.

Quality of winter cereals silage and methane yield. Favourable
environment for development of microorganisms is required in order to
facilitate conduct of anaerobic processes during the development of biogas.
Biomass composition affects the production of biogas in anaerobic
environment. Crude protein content was affected by the chosen species and
cereals harvest timing. As regards species-dependent findings on crude protein
content, the substantially (p<0.05) highest crude protein content was found in
wheat silage. Harvest timing had a substantial (p<0.05) effect on crude protein
content — higher crude protein content was found in silage harvested at GS 60
— 62. No substantial differences in crude protein content among varieties of a
cereal species were found. Higher crude fibre, cellulose, hemicellulose, ADF
and NDF contents were present in silage samples harvested in early
developmental phases (GS 60 — 62), and this proved to be true in case of all
cereals and varieties examined.

Nitrogen-free extracts (BEV) rate was established by means of
calculations. In theory, higher nitrogen-free extracts content provides higher
specific methane yield in accordance with the formula (1). Silage harvested in
earlier developmental phase had a lower BEV rate. The underlying explanation
is that at this developmental phase of the crops they have higher crude protein,
crude fibre and crude ash indicators. Across all cereals and varieties examined,
the substantially (p<0.05) highest crude ash content was found in silage
harvested at GS 60 — 62 which amounted to 5.9 — 6.8%, depending on the
cereal and variety.

Analysis of crude ash content in silage harvested at GS 70 — 72 and 80 — 82
revealed substantial differences within 3.7 — 4.6% range. Crude ash content
was also substantially different across varieties of a species. As regards
findings on factors' effect rate (n) pertaining to indicators of the silage
chemical composition, silage harvest timing had a substantial (p<<0.05) effect
on changes in crude ash, crude nitrogen, crude protein, crude fat and starch
contents. This interrelation was observed on all cereal species covered by the
research. It was found that silage harvest timing also had an effect on crude fat
content of all cereals examined. Analysis of silage harvested at later
developmental phases revealed the decrease in crude fat content. No
substantial species — dependent differences were found with respect to crude
ash content.
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Theoretically calculated specific methane yield (Nm’ t(ODM)") is
conditional on the chemical composition of silage. Silage harvest timing
affected the theoretically calculated specific methane yield. The substantially
(p<0.05) highest theoretically calculated specific methane yield per tonne of
organic dry matter was obtained from silage of all cereals covered by the
research harvested at GS 60 — 62. The average theoretically calculated specific
methane yield at GS 60 — 62 was, as follows: wheat — 261.6 Nm® ((ODM) !,
triticale — 258.5 Nm® t(ODM), rye silage — 263.6 Nm® t(ODM)™ (Table 2).
There were only minor variety-dependent differences with respect to the
specific methane yield.

Harvesting of winter wheat silage at later developmental phases secured
increase in theoretically calculated methane yield per hectare. It is attributable
to increase in biomass dry matter content as well as to total biomass increase at
later developmental phases. The highest theoretically calculated methane yield
per hectare (Nm® ha™) of winter cereals on average was obtained from silage of
triticale and rye harvested at GS 80 — 82, while the highest methane yield per
hectare of the wheat silage was obtained at GS 70 — 72 (Table 2). All factors
covered by the research and their interaction had a substantial (p<0.05) effect
on theoretically calculated methane yield per hectare. However, the highest
effect rate () was attributable to the silage harvest timing and different
conditions in the cultivation years.

As regards findings on theoretically calculated specific methane yield
(Nm® t(ODM)™"), neither of the silage harvest timing periods presented
substantial species-dependent differences. The highest theoretical specific
methane yields across all cereals examined were obtained from the silage
harvested at earlier developmental phase (GS 60 — 62).

The winter wheat specific methane yield obtained experimentally in the
laboratory in course of the research amounted to 323.2-266.3 Nm® t(ODM)',
depending on harvest timing. This indicator exceeds the theoretically
calculated indicator. The specific methane yield obtained experimentally from
triticale silage amounted to 300.5 — 276.8 Nm® t (ODM)'. Meanwhile, the one
obtained from rye silage amounted to 225.1 — 237.7 Nm® t (ODM)™.

As regards findings on experimentally obtained methane yield per hectare,
silage harvested at later developmental phases provided the highest outcome; it
is attributable to higher organic dry matter yields at these phases. The best
results were obtained from wheat variety ‘Skalmeje’ by preparing the silage at
GS 70 — 72, while at GS 80 — 82 the best results originated from triticale
variety ‘Dinaro’.

Use of cereals for production of bioethanol

Grain vyield for production of bioethanol. As regards choice of raw
materials for production of bioethanol, one of prerequisites is high productivity
of the cereal species and variety in question. Among the wheat varieties
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observed in course of the experiments, ‘Mulan’ and ‘Skalmeje’ provided the
highest average yields — 9.72 and 9.50 t ha™', respectively. The highest grain
yield among triticale varieties was provided by ‘Dinaro’ — 9.39 t ha™', while
‘SW Valentino’ provided slightly lower average yield (9.18 t ha™). The highest
yield among rye varieties was provided by hybrid rye ‘Placido’ — 9.74 t ha™.
Environment and environmentxvariety interaction in the respective cultivation
years substantially affected grain yields of all cereal species. Substantial
variety-dependent differences were found in case of wheat and rye. No
substantial species-dependent differences in grain yields were found, yet the
highest average three-year yield originated from winter wheat — 9.50 t ha™.
Triticale and rye average yields were slightly lower — 9.14 and 8.96 tha™,
respectively.

Grain quality of winter cereals. Winter cereal grains are suitable for
production of biomass due to high starch content in this raw material. Species-
dependent comparison of starch content in grain revealed that wheat provided
the highest average result across three years — 71.0%. The average starch
content indicator of triticale grain was 0.7% lower (70.3%), while the lowest
one was attributable to rye grain — 62.7%, which is 8.3% lower than that of
wheat. Data covering the three cultivation years attest to the following pattern
— starch content in grain was at its highest level in the 2011/2012 when the
formation of winter cereal grain yield coincided with high humidity levels and
ambient temperature was within limits of long-term average levels. As regards
the highest starch content on average across three years, the best indicator
among winter wheat samples was attributable to breeding line ‘99-115" which
amounted to 71.8%, while among triticale — to variety ‘Dinaro’ and breeding
line ‘0002 — 26°, which amounted to 70.8 and 70.6%, respectively. No
substantial differences within confidence level of 95% were found with respect
to starch content in grain of rye varieties covered by the research.

Crude protein content in grain was affected by climatic conditions and
choice of cereal species and variety. As regards cereal species, the highest
crude protein content on average across three years was found in winter wheat
— 12.5%. Triticale and winter rye grain had substantially lower average crude
protein contents — 10.5 and 10.3%, respectively. As regards varieties of the
cereals grown, the lowest crude protein content on average across three years
was provided by winter wheat breeding line 99 — 115 — 12.3%. In case of
triticale, the lowest crude protein content was found in grain of varieties
‘SW Valentino’ and ‘Dinaro’ — 10.3 and 10.1% on average. As regards rye, the
lowest crude protein content on average across three years was provided by
variety ‘Matador’ — 10.0%.

Bioethanol outcome. As regards bioethanol obtained experimentally in the
laboratory in course of the research, the highest amount was obtained from
grain of wheat and triticale. Notwithstanding the fact that the highest starch
content among the cereals examined was found in winter wheat grain, the
highest experimentally-obtained bioethanol outcome originated from triticale —
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428.1 Lt' (Fig. 2). Average bioethanol outcome from winter wheat was
420.7 L t". The lowest starch contents in grain and also the lowest bioethanol
outcome per 1 t of grain across the cereals species examined were found in rye
— 3968 Lt'. As regards variety-dependent effects on the production of
bioethanol, the highest outcome per 1 t of grain among the wheat varieties was
provided by breeding line 99 — 115’ (428.7 L t), which was to be expected,
given the causal ground — the highest starch content and the lowest crude
protein content in the grain.

Likewise, the triticale variety ‘Dinaro’ with the highest starch content and
the lowest crude protein content in the grain provided the highest bioethanol
outcome — 433.7 L t. The highest bioethanol outcome among the rye varieties
— 400.8 L t' — was provided by ‘Matador’ whose grain had the lowest crude
protein content. The highest theoretically calculated and experimentally
obtained bioethanol outcome originated from wheat and triticale.

Experimentally obtained bioethanol yield per hectare, L ha™
Bioethanol yield per one hectare is being affected by bioethanol outcome (L t
") and grain yield (t ha™). The lowest grain yields and thus also the lowest
bioethanol yields occurred in 2009/2010 when unfavourable climatic
conditions prevailed during the formation of grain. The 2011/2012, however,
brought the highest grain yields of all winter cereals examined, and bioethanol
yield per hectare therefore was considerably higher (4482 — 4597 L ha). As
regards variety-dependent findings on bioethanol yield per hectare, winter
wheat varieties did not present any significant differences, yet variety ‘Mulan’
provided slightly higher bioethanol yield — 4042 L ha'. The highest results of
bioethanol yield per hectare among the triticale varieties — 3911 and 4081 L ha
' — were provided by varieties ‘SW Valentino’ and ‘Dinaro’, respectively.
These varieties had slightly higher grain yield and bioethanol outcome per
tonne. The highest grain yield among the rye varieties was obtained from
‘Placido’ which also affected the bioethanol yield per hectare — 3851 L ha™.
As regards species-dependent findings on bioethanol yield per hectare, the
highest ones on average were obtained from triticale and wheat — 3928 and
4005 L ha™', respectively. It is attributable to the fact that they had the highest
results of grain yield and bioethanol outcome per tonne.

Suitability of cereals for production of thermal energy

Calculations pertaining to production of thermal energy require an
indicator of raw material — dry matter yield. Grain dry matter yield exhibits a
pattern similar to that of grain yield under conditions of 14% humidity, as
described in the section on bioethanol production. The average straw dry
matter yield of winter wheat was 6.73 t ha™'. The highest straw dry matter yield
was obtained from the breeding line *99 — 115° (7.63 t ha™) (Fig. 3). The straw
dry matter yield of triticale was 6.41 tha', and there were no variety-
dependent effects on the yield. The straw dry matter yield of rye was similar to
that of triticale — 6.81 t ha™. The highest straw dry matter yield was obtained
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from variety ‘Dankowskie Nowe’ — 7.38 tha”. As regards findings on the
cultivation years, the straw dry matter yields of triticale and rye were higher in
2009/2010 and 2011/2012.

Analysis of quality indicators of winter cereals' grain and straw for the
purpose of thermal energy production. Crude ash content in the biomass is
determined by chemical composition of the latter. Chemical elements present
in the grains — K, P, Si, Na, S, Cl, Ca, Mg, Fe — affect quantity of crude ash
and formation of clinker in boilers. Crude ash content in the grain of winter
cereals examined was 1.58 — 1.86% on average. Low crude ash content were
found in the grain of rye and wheat — 1.58 and 1.63%, respectively. Weather
conditions in the cultivation years had a substantial (p<0.05) effect on ash
content in grain of all cereals examined. The lowest ash contents in both straw
and grain were found in 2010/2011 and 2011/2012. Crude ash content in straw
was 4.61 — 4.92% on average which is considerably higher than that found in
grain. The substantially (p<0.05) highest crude ash content was found in
winter wheat straw. Given the effects of differences in chemical composition
of varieties, substantially different crude ash contents were found across
varieties examined. As regards crude ash content in straw, the lowest
indicators among wheat straw were attributable to variety ‘Mulan’ and
breeding line *99 — 115°, among triticale — to variety ‘Dinaro’ and breeding
line ‘0002 — 26°, and among rye — to varieties ‘Matador’ and ‘Dankowskie
Nowe’. The chemical composition of biomass affects quality of heating
material. Nitrogen content in winter cereals grain covered by the research was
within range from 1.91 to 2.19%, while nitrogen content in winter cereals
straw was considerably lower — 0.54 — 0.64%. The highest average nitrogen
content of 2.19% was found in wheat grain which may eventually be
attributable to genetic peculiarities as well as to application of higher norm of
nitrogen fertilisers.

Nitrogen content of grain exceeded that of straw, and it was substantially
higher in wheat grain. In comparison with grain, the straw had lower contents
of phosphorus and magnesium, meanwhile having higher potassium and
calcium contents. As regards other chemical elements examined, no
considerable differences were found. Substantial species — dependent
differences in the results were observed.

Heating value. The average experimentally obtained highest heating value
of cereal grain was 17.80 MJ kg (Table 3), and no significant species-
dependent differences were observed. The experimentally obtained highest
heating value of straw was 18.80 MJ kg”'. The highest heating value was
obtained from rye straw — 19.08 MJ kg™

As regards the experimentally obtained highest heating values of wheat and
rye straw, no substantial variety — dependent differences were observed, while
in case of triticale higher heating value was delivered by straw of variety
‘0002 — 26 (19.49 MJ kg'). The research revealed differences between
calculated and experimentally obtained results of the highest heating values.
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The experimentally obtained result for grain was 13% lower than the
theoretical calculated result. As regards straw, this difference was found to be
6%. The outcome difference or losses formed in the heat production process.

A significant indicator in this context is the biomass thermal energy
obtained from one hectare. This indicator is dependent on both biomass yield
and heating value per 1 t. Grain returned on average 137.2 — 145.4 MJ ha™,
straw — 119.8 — 271.1 MJ ha™' (Fig. 4). As regards thermal energy outcome
from grain per 1ha, neither species-dependent nor variety-dependent
substantial (at 95% level) effects on the outcome were found.

No substantial variety-dependent effect on thermal energy outcome from
rye straw was found, while in case of wheat higher results were delivered by
straw of variety ‘Mulan’ and breeding line *99-115" (127.1 and 142.2 MJ ha™),
and in case of triticale — by straw of breeding line ‘0002-26" (132.0 MJ ha™).
Analysis of thermal energy outcome obtainable from totality of all grain and
straw of a species revealed that the highest result was delivered by wheat —
271.1 MJ ha™', while rye delivered slightly lower result — 267.3 MJ ha™', and
the lowest thermal energy outcome was provided by triticale — 258.6 MJ ha™.
As regards use for heating in Latvia, it is recommendable to utilise one third of
the straw yield for heating and to plough the remaining straw mass into the
soil. Analysis of thermal energy outcome obtainable from totality of all grain
and 30% of straw mass revealed that the highest experimentally-obtained
thermal energy outcome from cereals was 178.8 — 187.3 MJ ha™.

Economic assessment of the obtained raw materials and energy
sources

Raw material production costs. The three-year average data indicate that
the highest production costs incurred in production of raw material were
attributable to wheat silage (Fig. 5); the factors which contributed to these
costs include higher norm of nitrogen fertilisers applied and seed costs, as
highly productive new varieties were used. Analysis of cereals over different
developmental phases revealed that the lowest costs incurred when harvesting
at GS 60 — 62 were attributable to silage organic dry matter of triticale
(84.87 EUR t), while costs incurred when harvesting at GS 70 — 72 and 80 —
82 were attributable to silage organic dry matter of open pollinated rye
varieties — 45.56 EUR t"' and 44.09 EUR t”, respectively.

Analysis of costs per one hectare revealed that the lowest costs incurred
were attributable to straw as a by-product (62.28 EUR ha™). Costs of silage
production per one hectare within species of the cereals examined were equal,
irrespective of the growing phase at which the respective cereals were
harvested (Fig. 6).

Calorific value of raw materials
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Calorific value of energy crops is an important indicator for their
cultivation and their use in production of different types of energy. Energy is
being expressed in MW h per mass unit (t) or area unit (ha). Observations
made in course of biogas production from all cereals and varieties attested to
the following pattern — harvesting of biomass at later crop developmental
phases leads to decrease of calorific value per mass unit. All cereals covered
by the research exhibited similar values within range of 2.86 —2.92 MWh t at
GS 60 — 62, yet at later developmental phases the silage exhibited lower
calorific values, namely, from 2.57 to 2.64 MWh t! at GS 70 — 72 and from
2.51 to
2.57MWht' at GS 80 — 82. Calorific value per hectare was affected by
methane yield per hectare which is dependent on yield harvested. The higher
energy outcome per 1 ha from cereals harvested at later developmental phases
(GS 80 —82) was a causal effect of the higher methane yield obtained per
hectare. In accordance with theoretical calculations, the obtained energy
outcome amounted to 35.41 — 38.49 MWhha', depending on the species
(Table 4). Furthermore, in line with experimentally determined specific
methane yield, higher methane yield per 1 ha originated from silage harvested
at later developmental phases (GS 80 — 82).

In course of production ethanol it was found that the highest calorific
value of 2.53 MWht originated from triticale, which was to be expected,
given the causal ground — the highest ethanol outcome originated from grain of
triticale. Energy outcome in production of bioethanol from triticale grain was
23.13 MWh ha™', which is attributable to higher grain yield per hectare in the
trial. Energy outcome from all wheat varieties covered by the research was on
average 23.53 MWh ha™', whereby average grain yield was 9.50 t ha”'. Energy
outcome in production of bioethanol from rye was 21.02 MWh ha™.

Calorific value of straw and grain of winter cereals used as heating
fuel. Grain delivered 4.92 — 4.96 MWh t"', depending on cereal species, while
a ton of straw delivered more energy — 4.68 — 5.30 MWh t'. In accordance
with calculations of energy outcome per hectare, winter cereals grain delivered
higher results (38.12 — 40.38 MWh ha™) than straw (33.28 — 39.14 MWh ha™),
which is attributable mostly to the fact that yield of grain exceeded that of
straw.

Comparison of energy outcome from the end-use perspective, that is,
depending on different types of use of winter cereals, leads to a conclusion that
the highest energy outcome per tonne of raw material was obtained from straw
of winter cereals used for production of thermal energy. High result per tonne
of raw material was obtained also from grain in combustion process. As
regards thermal energy outcome per hectare, the highest result was obtained
from grain combustion. As regards winter cereals silage used for production of
methane, both theoretical calculations and experimentally obtained results
confirm that higher energy outcome (MWh t') was obtained from silage
prepared at GS 60 — 62. Energy outcome per hectare (MWh ha™") in production
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of methane was higher if the silage had been prepared at later developmental
phases. Energy outcome (MWh ha™) established by theoretical calculations
was found to be lower than that of experimentally obtained methane. The
lowest energy outcome per tonne of raw materials was obtained when grain
were used for production of bioethanol. Energy outcome per hectare in
production of bioethanol from winter cereal species was higher where wheat
had been used.

A complex indicator describing energy production is cost of raw materials
(in EUR) for production of 1 MWh energy. The highest costs of raw materials
were incurred in production of ethanol from grain. Use of wheat and triticale
grain for production of ethanol contributed to increase in costs. The lowest
costs of raw materials for production of 1 MWh energy were provided by use
of hybrid rye (Table 5).

As regards production of methane, costs of raw materials for production of
1 MWh energy were conditional on the silage harvest timing. Use of wheat
and triticale at later developmental phases secured the lowest costs. The lowest
costs of raw materials for production of 1 MWh were incurred in production of
thermal energy from straw. As regards cereal grain used for production of
thermal energy, use of a hybrid rye variety ‘Placido’ secured the lowest cost.
The hybrid rye variety secured the lowest cost of 1 MWh also in case of
assumption that both grain and straw would be used for heating. Use of wheat
and triticale grain led to increase in costs of 1 MWh.

It must be noted, however, that direct combustion of raw materials provides
immediate thermal energy which is an end product. Energy obtained from
methane and bioethanol can be used for heating, for electricity production and
as a fuel in transport sector. Therefore the energy obtained from methane and
bioethanol is of higher quality.

CONCLUSIONS

1. The substantially (p<0.05) highest average dry matter yields of all winter
cereals examined had been harvested at GS 70 — 72 and at GS 80 — 82. Dry
matter yield was substantially affected by cultivation year, species, variety
and harvest timing for preparation of silage.

2. Results of theoretical calculated specific methane yield from a mass unit
of organic dry matter were similar (p<0.05) across all three cereal species,
but the the highest result was pertaining to the silage prepared at GS 60 —
62. However, as regards specific methane yield obtained experimentally in
the laboratory, the choice of cereal species had a substantial effect on the
result, while the silage harvest timing did not have a substantial effect.
Higher specific methane yields from a mass unit of organic dry matter were
attributable to the silage of winter wheat and triticale.
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3. The highest average results of methane yield per hectare (Nm’ ha™) were
obtained from triticale and rye harvested at GS 80 — 82 and from wheat
harvested at GS 70 — 72.

4. The highest results of theoretically calculated and experimentally obtained
ethanol outcome per tonne of grain (L t") originated from wheat and
triticale. Variety-dependent effects on ethanol outcome on both wheat
and triticale were observed, while no substantial variety-dependent effect
on this indicator on rye was observed.

5. The highest ethanol yield per hectare (L ha™) originated from wheat and
triticale. Ethanol yield per hectare was substantially affected by weather
conditions in the cultivation years.

6. Grain and straw dry matter yield of winter cereals were affected by
weather conditions in the cultivation years, but no substantial species —
dependent effect on the three-year average data was found. Among all the
cereals grown, only winter wheat exhibited substantial variety — dependent
effect on straw dry matter yield.

7. Results of theoretically calculated heating value of both straw and grain
were found to be higher than those of experimentally obtained heating
value. Theoretical calculations revealed that the heating value of grain
exceeded that of straw. The highest theoretically calculated heating values
among the cereals examined were exhibited by wheat and rye grain, as well
as by rye straw. However, the experimentally obtained data contradicted
with theoretical calculations, as a slightly higher result of highest heating
value was attributed to straw. Rye straw exhibited the highest theoretical
calculated heating value, while grain of all the cereals examined had
similar values.

8. More thermal energy per one hectare can be produced from cereal grain
than from straw. As regards use of grain, no substantial species —
dependent and variety — dependent effects on thermal energy outcome per
hectare were found, but, in case of straw, substantial wheat and triticale
variety-dependent effects on outcome were found.

9. The lowest silage production costs (EUR t™) for all species were attained
if the cereal biomass had been harvested at GS 70 — 72 and GS 80 — 82, but
the lowest costs among cereals were attained by varieties of open
pollinated rye. The lowest grain cultivation costs (EURt') were
attributable to open pollinated and hybrid rye. Open pollinated and hybrid
rye also provided the lowest costs per 1 ha pertaining to both silage and
grain.

10. The highest energy outcome (MWh ha™) was attained in production of
thermal energy from straw and grain of cereals. Slightly lower result was
attained from winter cereals silage used for methane production whereby
wheat and triticale silage had been prepared at GS 70 — 72, but rye silage —
at GS 80 — 82. Production of ethanol from grain delivered the lowest
energy outcome per hectare.
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11.The lowest costs of raw materials for production of one MWh of
energy were attributable to production of thermal energy. As regards
production of 1 MWh of energy from methane, average cost of raw
materials was slightly higher, while the lowest costs among cereals were
secured by use of triticale and wheat silage prepared at later developmental
phases (GS 70 — 72 and GS 80 — 82). The highest cost of 1 MWh was
incurred in production of ethanol from grain.
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