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1. DARBA VISPARIGS RAKSTUROJUMS

1.1. Temas aktualitate

Jau vesturiski Tpasnieki apsaimniekojusi mezu ta, lai nodrosinatu ilgtspgjigu
resursu pieejamibu un ieglitu saimnieciski nozimigakos meza produktus — apalos
kokmaterialus. AugoSais pieprasijums pe&c koksnes produktiem liek mekl&t
aizvien jaunus, zinatniski un praktiski pamatotus risinajumus mezsaimniecibas
prakses pilnveido$anai un koksnes piegazu uzlabo$anai. Energétiska koksne ir
viens no atjaunojamo energoresursu (AER) veidiem Latvija, kam joprojam ir
vislielakais izmantoSanas pieauguma potencials. [zmainas koksnes izmantoSanas
pieeja varétu sekmét Latvijas energétikas attistibu, sasniedzot Latvijas
ilgtsp&jigas attistibas strat€gija 1idz 2030. gadam izvirzitos mérkus, kas saistiti ar
energijas, kas sarazota, izmantojot AER, Tpatsvara palielingjumu lidz 40% no
bruto energijas gala paterina. LidzSingjie petijumi parada, ka vislielakie
starpcirt€s teorctiski ieglistamie neizmantotie energgtiskas koksnes krajumi
atrodami audzgs, kuru vecums ir no 21 Iidz 30 gadiem. Ta ka So resursu
izmanto$ana iesp&jami dazadi tehniskie un tehnologiskie risinagjumi, pirms
razo$anas uzsak$anas svarigi izvertét ne vien teorétisko, bet ari tehnologisko un
ekonomisko resursu pieejamibu. StarpcirSu, kas saistita galvenokart ar
energgtiskas koksnes ieguvi, masinizaciju kavé ekonomiskie faktori. Lidz8ingjie
petijumi Ziemelvalstis pieradijusi, ka lidziga izm@ra un jaudas mezizstrades
masinu raziguma raditaji, kas sasniegti, stradajot lidzigos apstaklos, butiski
neatSkiras, kas lauj domat, ka masiniz&tas starpcirt€s energétiskas koksnes
razosana iesp&jams izmantot vid€jas klases mezizstrades masinas, ko Latvija
Sobrid plasi izmanto galvenas cirtes cirsmu izstradé. Pétijuma aktualitati nosaka
tas, ka joprojam ir neatbildéts jautagjums par piemérotako tehnisko un
tehnologisko risindgjumu energétiskas koksnes ieguvé mas$inizeta starpcirte,
izvertgjot masinu razigumu ietekmgjosSos faktorus, ka arT vert€jot masiniz&tu
starpcirSu ekonomisko izdevigumu.

1.2. Promocijas darba merkis, uzdevumi un teze

Promocijas darba mérkis ir izpétit energgtiskas koksnes sagatavoSanas
razigumu un razoSanas izmaksas ietekmejoSos faktorus, ka arT novertet koksnes
resursus mezaudzg€s, kuras nav savlaicigi veikta jaunaudzu kopSanas cirte.

Promocijas darba izvirzita mérka sasniegSanai un izvirzitas t€zes parbaudei
noteikti sekojosi p&tnieciskie uzdevumi:

1) noskaidrot savlaicigi neizkoptas jaunaudzes pieejamos koksnes resursus

un tehnologiski pieejamos energétiskas koksnes resursus Latvija;



2) izpétit faktorus, kas ietekm& meZa darbu raZigumu un energgtiskas
koksnes  razoSanas  paSizmaksu ma$iniz€ti un ar  rokas
motorinstrumentiem izstradatas starpcirtes cirsmas;

3) novértet dazadu starpcirtes masSinizacijas risindjumu ietekmi uz
energgtiskas koksnes sagatavosanas rentabilitati.

Promocijas darba izvirzita sekojosa t€ze: mezaudzgs, kuras nav savlaicigi

veikta jaunaudzu kopSanas cirte, masSiniz&éta starpcirte, gatavojot energgetisko
koksni, var biit rentabla.

1.3. Darba zinatniska novitate un praktiska nozime

Kaut ar7 energétiska koksne, kas ieglistama veicot mas$iniz&tas starpcirtes, ir
viens no atjaunojamo energoresursu veidiem Latvija, kura izmantoSanai
joprojam ir potencials, razoSanas izmaksas ir salidzinosi lielas un kaveé resursa
izmantoSanu. Lai efektivi apglitu resursu, nepiecieSams rast piemerotako
tehnologisko un ekonmiski pamatotako risinajumu. Latvija $obrid cirsmu darbu
izmaksu kalkulacija netiek izmantots vienots izmaksu aprékinu modelis. Parasti
razosanas izmaksu aprékinus veic katrs pakalpojumu sniedz€js katrai no
mezizstrades tehnologiska procesa fazém.

Petijuma iegltie rezultati sniedz ieskatu maSiniz€u starpcirSu
tehnologiskajos risinajumos un darba metodés meza platibas, kuras galvenokart
iegist tikai energgtisko koksni. Izmaksu aprékina modelis, kas pétijuma ietvaros
papildinats un pielagots izmaksu aprékinasanai cirsmu darbos, sniedz iesp&ju
veikt energgtiskas koksnes raZoSanas ekonomisko izvertgjumu, ka ari lauj
aprekinat mezizstrades tehnologiska procesa kopgjas izmaksas.

P&tijumi $aja virziena sniedz plasaku prieksstatu par to, kadi faktori jaizverte
ripigak un kam japiever§ lielaka uzmaniba, lai energétiskas koksnes ieguvi
masinizgta starpcirté padarttu veél efektivaku gan no mezsaimnieciska, gan
ekonomiska viedokla. [zmantojot promocijas darba ieklauto razoSanas izmaksu
aprékina modeli, aprékinatie lielumi ir salidzinami un vertgjami katra no izmaksu
pozicijam, kas sniedz iesp&ju identificét pozicijas, kuras, mainot vai pielagojot
tehnologiju, butu iespgjams samazinat.

1.4. Zinatniska darba aprobacija

P&tijuma rezultati apkopoti sesas publikacijas starptaustiskos un vietgjos
zinatnisko rakstu krajumos.

1. Kaleja, S., Lazdins, A., Zimelis, A. (2019). Comparison of costs in pre-

commercial thinning using medium-sized and small-sized harvesters.

Proceedings of the 9th International Scientific Conference Rural
Development 2019. 253-259. DOI:
http://doi.org/10.15544/RD.2019.055.



Kalgja, S., Lazdins, A., Zimelis, A., Spalva, G. (2017). Model for cost
calculation and sensitivity analysis of forest operations. Agronomy
Research, 16(5), 2068-2078. DOI:10.15159/AR.18.207.

Prindulis, U., Kaleja, S., Lazdins, A. (2016). Soil compaction in young
stands during mechanized logging of biofuel and roundwood assortments.
Research for Rural Development. International Scientific Conference
Proceedings, 2. 69-76. Pieejams:
http://www2.llu.lv/research_conf/proceedings2016_vol 2/docs/LatviaR
esRuralDev_22nd_vol2-69-76.pdf.

Kaleja, S., Lazdins, A., Zimelis, A. (2014). Impact of assortments
structure on harvesting productivity and costs of pre-commercial
thinning. Research for Rural Development. International Scientific
Conference Proceedings, 2. 83-90. Pieejams:
http://www2.1lu.lv/research_conf/Proceedings/20th_volume2.pdf.
Kalgja, S., Grinfelds, A., Lazdins, A. (2013). Economic value of wood

chips prepared from young stand tending. Annual 19th International
Scientific ~ Conference  Proceedings, 2. 66-73.  Piecjams:
http://www2.llu.lv/research_conf/Proceedings/19th_volume2.pdf.

Lazdins, A., Kalgja, S., Gruduls, K., Bardulis, A. (2013). Theoretical
evaluation of wood for bioenergy resources in pre-commercial thinning

in Latvia. Annual 19th International Scientific Conference Proceedings,
2. 42-49. Pieejams:
http://www?2_.1lu.lv/research_conf/Proceedings/19th_volume2.pdf.

Petfjuma rezultati prezentti septinas starptautiskas un vietgjas nozime
zinatniskajas konferences.

1.

4,

9% International Scientific Conference “Rural Development 2019:
Research and Innovation for Bioeconomy*, 26.-28.09.2019., Kauna,
Lietuva. Prezentacija — Kal€ja, S., Lazdins, A., Zimelis, A. Comparison
of costs in pre-commercial thinning using medium-sized and small-sized
harvesters.

Biosystems Engineering 2018, 09. — 11.05.2018., Tartu, Igaunija. Stenda
referats — Kalgja, S., Lazdins, A., Zimelis, A., Spalva, G. The model for
calculation of forest operations cost and sensitivity analysis.

Annual 24" International Scientific Conference “Research for Rural
Development 20187, 16.-18.05.2018., Jelgava, Latvija. Prezentacija —
Zimelis, A., Kalgja, S., Luguza, S. Factors affecting productivity of
machined logging in thinning small sized forest machine.

Nordic Baltic Conference OSCARI14, 25.-27.06.2014., Knivsta,
Zviedrija. Prezentacija — Kaleja, S., Lazdins, A. Assessment of used
work methods and environmental impact to young stand tending with
timber harvarder.


http://www2.llu.lv/research_conf/proceedings2016_vol_2/docs/LatviaResRuralDev_22nd_vol2-69-76.pdf
http://www2.llu.lv/research_conf/proceedings2016_vol_2/docs/LatviaResRuralDev_22nd_vol2-69-76.pdf
http://www2.llu.lv/research_conf/Proceedings/19th_volume2.pdf

5. Nordic Baltic Conference OSCARI14, 25.-27.06.2014., Knivsta,
Zviedrija. Prezentacija — Lazdins, A., Kalgja, S., Zimelis A. Results of
evaluation of Bracke C16.b working methods in coniferous and mixed
stands.

6. Annual 20% International Scientific Conference “Research for Rural
Development 20147, 21.-23.05.2014., Jelgava, Latvija. Prezentacija —
Kalgja, S., Lazdins, A., Zimelis, A. Impact of assortments structure on
harvesting productivity and costs of per-commercial thinning.

7. Annual 19" International Scientific Conference “Research for Rural
Development 20137, 15.-17.05.2013., Jelgava, Latvija. Prezentacija —
Kalgja, S., Grinfelds, A., Lazdin$, A. Economic value of wood chips
prepared from young stand tending.

1.5. Promocijas darba struktiira un apjoms

Promocijas darba struktira veidota saskana ar darba izvirzitajiem
pétnieciskajiem uzdevumiem. Darbu veido tris nodalas, no kuram pirmaja —
atspogulots problémas izzinatibas apraksts citu autoru veiktajos pétfjumos un
gltas atzinas; sniegts ieskats energétiskas koksnes resursu pieejamiba Latvija un
iesp&jam Sos resursus izmantot; apskatita mezizstrades darbu organizacijas un
izmantoto tehnologiju v@sture, ka arT maSiniztas meZizstrades iespgjas
arT apzinati masiniz&tas mezizstrades razigumu ietekméjosie faktori; apskatita
energétiskas koksnes loma atjaunojamo energoresursu konteksta un $1 resursa
nozime tautsaimnieciba. Otraja nodala aprakstita energétiskas koksnes teoretiski,
tehniski un tehnologiski pieejamo resursu noteikSanas metodika; raksturoti
pEtijuma objekti, ka arT parauglaukumu iertkosana un datu ievakSanas metodika
tajos; sniegts masiniz&ta starpcirteé izmantoto mezizstrades masinu apraksts,
izveléto darba metozu un apstaklu raksturojums, ka ari izméginajumu laika
ieglito datu apkopo$anas un analizes metodes; raksturots energétiskas koksnes
razosanas izmaksu aprékinu modelis, kas pétijuma ietvaros pielagots
meZizstrades tehnologiskajiem procesiem Latvija. Tre$aja nodala veikts
energétiskas koksnes resursu novert€jums; izverteti raziguma raditaji, kas iegati
masinizeta starpcirté, un apzinati faktori, kas to butiski ietekme; veikts
energétiskas koksnes razoSanas izmaksu izvertgjums.

Promocijas darba apjoms ir 72 lappuses; informacija apkopota 23 tabulas un
24 attelos, izmantoti 95 literatiiras avoti, darba nosléguma formul&ti 7 secinajumi
un pievienoti 9 pielikumi.



2. MATERIALS UN METODES

2.1. Energétiskas koksnes resursu pieejamibas noteikSana

Resursu teordtiskas, tehniskas un tehnologiskas pieejamibas izvert&juma
izmantoti MeZa statistiskas inventarizacijas (MSI) 3. cikla (2014— 2019) dati, kas
iegliti meza platibas ar 9 —12 m augstiem kokiem. Apstradei un aprekiniem
atlasiti raditaji, kas iegliti meza zemes un ar mezu klatas lauksaimniecibas zemés
izvietotos parauglaukumos.

Saja pétfjuma ar teorctiski pieejamajiem energétiskas koksnes resursiem
saprot resursus, kas pieejami mezaudzes, kuras koku skaits vai skerslaukums péc
planoto tehnologisko koridoru ierikoS$anas nesamazinds zem minimala koku
skaita vai Skeérslaukuma. Teorgtiski resursi pieejami ari aizsargdjamas dabas
teritorijas.

No teoretiski pieejamajiem resursiem aprékinot tehniski pieejamos resursus,
talakos aprékinos nav ieklautas mezu platibas, kuras, vadoties no meza tipa,
resursu iegliSana starpcirt€ nav ieteicama: sils (Cladinoso-callunosa), virsu
kiidrenis (Callunosa turf- mel.) un virsu arenis (Callunosa mel.), ka ar1 koksnes
ieguvi parasti neveic vai ari energétiskas koksnes savak$anu no koksnes ieguves
tehnologiska viedokla griiti realizét: purvaini, grinis (Cladinoso-sphagnosa),
slapjais métrajs (Vaccinioso-sphagnosa). Tapat no aprekina izslégtas
aizsargajamas dabas teritorijas (Lazdins et al., 2012).

Tehnologiski pieejamo resursu aprékina izmantoti tehniski pieejamie resursi,
atnemot razosanas zudumus (30 % cirSanas atlieckam un 5 % malkai, Adamovics
et al., 2009), ka art atseviski izdaliti resursi, kas ieglistami ziemas perioda
(Lazdins et al., 2012).

2.2. Pétijuma objektu apraksts

Saskana ar pétijjuma mérki un izvirzitajiem darba uzdevumiem, empiriska
materiala ievakSanai izveéletas 10 mezaudzes valsts mezos ar kop&jo platibu
27.8 ha. Izméginajuma objekti koncentréti Latvijas centralaja dala
(Vidusdaugavas regiona). Par audzu atlases kritérijiem noteikti valdaudzes vidgja
koka augstums (9 - 12 m) un audzes biezums (koku skaits > 2000 gab. ha™).
Izm&ginajumiem par piemérotam atlasitas 3 lapkoku audzes — karpainais bérzs
(Betula pendula Roth) un 7 skujkoku audzes — parasta egle (Picea abies (L.)
H. Karst.) un parasta priede (Pinus sylvestris L.).

Empiriskais materials pétijuma veikSanai ievakts no 2013. Iidz 2014. gadam.

Visas atlasitas audzes izzagétas lidz minimalajam koku skaitam vai
Skérslaukumam, veicot “apaks$€jo kopSanu”, kas paredz sakotngji nozagét
mazako dimensiju un neperspektivos kokus.

Tehnologiskie koridori ierikoti 15,18, 20 vai 30 m attaluma viens no otra.
Atkariba no mezizstrades masSinas gabaritiem un izlices snieguma, atseviskas

9



audz@s izzagetas 1 vai 2 “sléptas brauktuves”, kas paredzgtas, lai mezizstrades
masina parvietotos pa neizstradato joslas dalu starp tehnologiskajiem
koridoriem.

2.3. Petijuma izmantotas meZa tehnikas apraksts

P&tfjuma ietvaros masinizetas starpcirtes veiktas, izmantojot tris dazadas
mezizstrades masinas, kuru darba galvas papildus aprikotas ar stumbru
uzkraSanas mehanismiem.

Ar vidgjas klases mezizstrades masinu John Deere 1070 E (pasmasa 15.5 t,
dzingja jauda 136 kW pie 1900 apgriezieniem min.™!), kas aprikota ar H 754
darba galvu (masa 820 kg, maksimalais apstradajama stumbra caurmérs 55 cm,
griez&jmehanisms — k&des tipa zagis, 5 kustigie nazi, 1 fiksétais nazis, 4 padeves
veltni, maksimala stréles izlice 10 m), p&tijuma ietvaros iegiiti darba laika
uzskaites dati par 127 darba stundam.

Ar vidgjas klases mezizstrades masinu John Deere 1070 D (paSmasa 14.1 t,
dzingja jauda 136 kW pie 1900 apgriezieniem min."!), kas aprikota ar
Bracke C16.b darba galvu (masa 570 kg, maksimalais apstradajama stumbra
caurmérs 26 cm, griez&jmehanisms — uz diska montéta zaga kéde, maksimala
stréles izlice 10 m), pétfjuma ietvaros iegiti darba laika uzskaites dati par 66
darba stundam.

Ar mazas klases mezizstrades masinu Rottne H8 (pasmasa 10.2 t, dzingja
jauda 125 kW pie 2000 apgriezieniem min.™"), kas aprikota ar EGS 406 darba
galvu (masa 480 kg, maksimalais apstradajama stumbra caurmérs 33 cm,
griez&jmehanisms — ke&des tipa zagis, 2 kustigie naZzi, 2 padeves veltni,
maksimala str€les izlice 7 m), petijuma ietvaros iegtti darba laika uzskaites dati
par 262 darba stundam.

2.4. Petijuma izmantoto darba metoZu apraksts

Izm&ginajumos izmantotas 2 darba metodes. Abas metodes paredz atstat
pameZa kokus, ja vien tie netraucé mezizstrades procesu. Tapat, neatkarigi no
metodes izvéles, zaggjot kokus, kas nav paredzeti standarta apalo kokmaterialu
gatavoSanai, maksimali izmanto stumbru uzkraSanas ierici. Ar jédzienu “dalgji
atzarota sikkoksne” saprot energétisko koksni (ne garaku par 6 m), kas gatavota
no neatzarotam galotném, mezizstrades atliekam un pameza kokiem, kuru
krtiSaugstuma caurmérs (D3) <6 cm.

Pirma no izmantotajam darba metodém paredz gatavot visus apalos
kokmaterialus atbilstosi AS ,,Latvijas valsts mezi” produktu grupam, ka ar dalgji
atzarotas sikkoksnes sortimentu (garums 2.5-3 m, minimalais tievgala caurmers
3 cm).
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Otra darba metode paredz no visiem nozagétajiem kokiem, iznemot pameza
kokus, kuru D 3< 4 cm, gatavot dalgji atzarotu energgetisko koksni.

2.5. MasSinizétas starpcirtes darba laika uzskaite un raziguma
raditaju aprékinasana

Starpcirtes darba laika izlietojuma izp&tei izmantota hronometrazas metode,
kas ir tiesa laika izlietojuma fikséSanas metode un paredzéta darba procesa
pamatelementu ilguma un secibas fiksacijai pie to cikliskas atkartosanas. Darba
elementu ilguma noteikSanai veikta nepartraukta hronometraza, kas piemérota
darba operacijas elementu, kuru ilgums nav mazaks par 10 sekundeém, izp&tei
(Bludin$ & Rudze, 1979). Hronometrazas laika mezizstrades masinu darba laiks
pielagots motorstundu uzskaitei, dzingja noslapéSanas bridi apturot
hronometrazu un atsakot to, tiklidz dzingjs atkal iedarbinats.

Darba laika patérin$ noteikts katram darba ciklam atseviski, fiksgjot cikla
numuru. Veicot darba laika uzskaiti, papildus lauka datora aizpilditi informativie
lauki, kas sniedz zinas par nozagéta koka vidéjo caurméru zaggjuma vieta (Do),
izmantojot Rottne H8, vai kriSaugstuma caurméru (D, 3), izmantojot John Deere
mezizstrades mastnu. Tapat aizpilditi informativie lauki par viena darba cikla
apstradato koku skaitu, veiktas atzimes par partraukumiem darba, masinas
veiktajiem parbraucieniem uz citu tehnologisko koridoru, ka ar identific&ts
operators, kur§ veicis mezizstradi.

Raziguma raditaji aprékinati no darba laika uzskaites datiem iedalijuma pa
cirsmam, tehnikas vienibam, darba metodém un operatoriem.

Mezizstrades masinu darba dienas (mainas) laika izlietojums jeb kopgjais
darba laiks ietver visu pétijuma ietvaros uzskaitito darba laiku, kad masinas
dzingjs darbojies. Efektivais darba laiks veidojas, no kopgja darba laika atnemot
neefektivo darba laiku, ko attiecigi veido remontam (pie nosacijuma, ka darba
laika uzskaites bridi mezizstrades masinas dzingjs turpina darboties) un ar tieSo
darbu nesaistitam darbibam paterétais laiks.

2.6. Energétiskas koksnes razoSanas izmaksu aprékinasana

Izmaksu aprékinasanai izmantots COST projekta FP0902 aktivitates ietvaros
(Ackerman et al., 2014) izstradats modelis, kas §1 p&tjjuma ietvaros papildinats
ar standarta ekonomiskajam metodém un pielagots izmaksu aprékinasanai
cirsmu darbos, ka arT sagatavoto materialu izveSanai, aptverot visu mezizstrades
tehnologisko procesu (Kalgja et al., 2018a).

Kalkulacijas modeli izmaksas sadalitas pa to veidiem jeb izmaksu posteniem
uz produkta vai pakalpojuma vienibu (Alsina et al., 2011). Razosanas izmaksu
aprékina ieklautas gan tie$as razoSanas izmaksas, kas ir tieSi saistitas ar konkrétu
izmaksu objektu radiSanu, izmaksu procesu un aktivitati, gan vispargjas jeb
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netie$as izmaksas, kas nav tiesi saistitas ar konkrétas produkcijas razosanu, bet
ir nosaciti saistitas ar razo$anas procesu un tiek ieskaititas razoSanas pasizmaksa,
izmantojot pieskaitljuma likmi (Vitola & Soopa, 2002; Alsina et al., 2011).
NetieSo izmaksu noteikSana un sadaliSana pa kalkulaciju objektiem veikta
atbilstosi sarazotas produkcijas apjomam vai laika periodam.

RazoSanas izmaksu kalkulacija izmantoti empiriskie dati, kas iegiti
ilglaicigos novérojumos (tehnikas pakalpojumu sniedz&ju un servisa kompaniju
sniegta informacija par tehnikas uzturéSanas izmaksam), un public&ti dati, kas
ietver tehnikas izmaksu analizi. Izmaksu postenus veido ieguldjjumu izmaksas,
personala izmaksas un operacionalas jeb uzturéSanas izmaksas (Brinker et al.,
2002; Alsina et al., 2011; Ackerman et al., 2014).

Lai iespgjami precizak aprekinatu mezizstrades tehnologiska procesa
izmaksas un izmaksu modelis biitu piemérots dazadiem apstakliem, aprékinos
izmantoti tadi specifiski raditaji, ka masinu raZigums un to ietekmgjosie faktori
— vid€ja nozageta koka caurmérs, nozageto koku skaits, vidgjas kravas lielums,
tehnikas parbraucienu skaits gada, vidgjais izveSanas cela garums, vidgjais
parvietoSanas atrums.

Kubikmetra (m?) parrekiniem berkubikmetros (ber. m*) izmanto koeficientu
2.5. Kravas lielums iegiits, veicot kravu svérumus, vai arT aprékinats, par pamatu
nemot sagatavoto kokmaterialu dimensijas.

Razo$anas izmaksu aprékina modelis paredzets stundu (efektivas stundas,
motorstundas un planotas darba stundas) un vienibas izmaksu aprékinasanai
katrai no meZizstrades tehnologiska procesa fazém vai meZizstrades
tehnologiskajam procesam kopuma.

3. REZULTATI UN TO ANALIZE
3.1. Starpcirtes pieejamie resursi un to izvertéjums

Saskana ar MSI 3. cikla (2014-2019) datiem meza platibas, kuru valdaudzes
koku augstums ir 9 —12 m, aiznem 7% (234 tukst. ha ar kop&jo stumbru kraju
15 524 tikkst. m®) no kopgjam meza platibam valstl. Lielaka dala jeb 63%
(149 tikst. ha) $adu mezaudzu atrodas pargjo ipasnicku mezos.

Aprekini parada, ka starpcirté teorétiski pieejamie energétiskas koksnes
resursi, kas koncentréti meza platibas, kuras koku skaits vai skérslaukums pec
planoto tehnologisko koridoru ieriko$anas nesamazinds zem minimala koku
skaita vai  Skérslaukuma, veido 7054 tikst. m* stumbru  koksnes
(4091 tukst. tsausnas Virszemes biomasas, no kuras valsts mezos atrodas vien 27%
(1927 tukst. m? stumbru koksnes vai 1109 tikst. tsausnas Virszemes biomasas), bet
paréjos meZos teorétiski pieejami 5127 tikst. m3 stumbru koksnes vai
2982 tikst. tsausnas Virszemes biomasas.

Kopgjais teorétiskais koku virszemes biomasas apjoma sadalfjums pa meza
tipiem (saskana ar MSI 3. cikla datiem) pievienots 3.1. att. Lielaka dala (59%)
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no kopgjiem teorétiski pieejamajiem koku virszemes biomasas resursiem atrodas
sausienos. Valsts mezos sausienos atrodas 30% no kopgjiem resursiem, bet
pargjas meza platibas — 69%. Sila (Cladinoso-callunosa), kur atrodas 4% no
valsts meZos teorétiski pieejamajiem energétiskas koksnes resursiem, to ieguve
starpcirtes nav ieteicama, ierobezojot organisko vielu iznesi no meza (Skudra &
Dreimanis, 1993). Meza platibas, kas nav valsts mezi, sila (Cladinoso-callunosa)
un métraja (Vacciniosa) nav pieejami resursi, kas blitu izmantojami energgtiskas
koksnes razoSanai. No augsnes nestspgjas viedokla sausieni ir piemeroti
masiniz&tai mezizstradei neatkarigi no gadalaika (Salin§ & Rasnacis, 1985;
Salins, 1987; Zalitis & Jansons, 2013; Liepa et al., 2014;). Purvainos atrodas 16%
no kopgjiem resursiem, attiecigi 28% no energétiskas koksnes resursiem atrodas
valsts mezos, bet 11% pargjo Ipasnieku mezos. Liekna (Filipendulosa) nav
teor&tiski pieejamo resursu energétiskas koksnes razofanai. Kaut gan purvainu
meza tipos koncentréto resursu ipatsvars ir salidzinoSi liels, apstakli nav
piem@roti maSiniz€tai starpcirtei augsta gruntsiidens Itmena dé] (Salins, 1987,
Liepa et al., 2014). Arenos energétiskas koksnes resursi veido 14% no kop&jiem
teor€tiski pieejamajiem resursiem, attiecigi 18% (valsts mezos) un 12% (pargjos
mezos). VirSu areni (Callunosa mel.) nav sastopamas meZa platibas ar 9—12 m
augstiem kokiem, kuras teoretiski varctu iegiit energétiskas koksnes resursus,
savukart metru arent (Vacciniosa mel.) resursi pieejami vien valsts mezu platibas.
No augsnes nestsp&jas viedokla, masinizetu starpcirti var veikt gan vasara, gan
ziema (Salins et al., 1987; Liepa et al., 2014). Slapjainos koncentrétie teoretiskie
energétiskas koksnes resursi (veido 6% no kopgjiem) atrodas 16% valsts meZos
un 2% pargjas meza platibas. Grini (Cladinoso-sphagnosa) un slapjaja garsa
(Dryopteriosa) nav pieejami teorétiski iegiistamie energétiskas koksnes resursi.
No augsnes nestsp&jas viedokla masiniz€ta starpcirte Sajos mezos iespgjama
visos gadalaikos (Salin§ & Rasnacis, 1985; Salins, 1987; Liepa et al., 2014),
tomér mezus butiski var ietekmé&t klimatisko apstaklu izmainas, tadgjadi
energtiskdas koksnes savakSanu padarot tehnologiski sarezgitu. Kudrenos
atrodas salidzino$i maz (5%) no kopgja teorétiski pieejama resursu potenciala
(8% valsts un 5% pargjo 1pasnieku mezos). VirSu kiidrenis (Callunosa turf. mel.),
kura atrodas 1% no kopg@jiem teorétiski pieejamajiem resursiem, nav piemérots
energetiskas koksnes ieguvei. Kiidrenos masinizéta starpcirte iesp&jama vien

ziema, sala perioda (Salins et al., 1987; Liepa et al., 2014).
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3.1. att. Starpcirte teoretiski pieejamas virszemes biomasas sadalijjums pa
meZa tipiem platibas ar 9 lidz 12 m augstiem kokiem /
Fig. 3.1. Structure of biomass theoretically available above-ground in thinnings
by forest stand type in areas with 9 to 12 m hight trees

Lidzsingjie petijumi parada, ka videja noc€rtama stumbra koksnes kraja meza
platibas ar 9—12 m augstiem kokiem ir 3050 m® (Lazdins et al., 2013). Saskana
ar veiktajiem aprékiniem, lielaka vid€ja noc€rtama stumbru koksnes kraja (meza
platibas izcertot kokus l1dz minimalajam koku skaitam vai Sk&rslaukuma) valsts
mezos ir mazika (20 m*ha™') neka paréjos mezos (30 m’ha’'). Lielaka
nocértama stumbru koksnes krdja (31 m® ha™') raksturiga purvainiem, valsts
mezos ta ir 31 m® ha™! un atkariba no meZa tipa varié no 42 m* ha™' dumbraja
(Dryopterioso-caricosa) lidz 20 m* ha™ purvaja (Sphagnosa). Pargjas purvainu
meZa platibas vidéja krdja ir 31 m*ha™! jeb no vidgji 14 m* ha! purvaja
(Sphagnosa) 1idz 43 m® ha™! niedraja (Caricoso-phragmitosa). Tapat salidzinosi
liela vid&ja noc&rtama stumbru koksnes kraja (26 m* ha™') raksturiga sausieniem.
Valsts mezos ta ir 17 m* ha™' jeb no vidgji 9 m’> ha™' garia (degopodiosa) lidz
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30 m® ha ' sila (Cladinoso-callunosa). Savukart pargjas sausienu meza platibas
vidéja nocértama kraja ir 31 m® ha™! jeb no vidgji 25 m® ha™! lana (Myrtillosa)
I1dz 35 m® ha™' véri (Oxalidosa). Slapjainos vid&ja nocértama stumbru koksnes
kraja ir 20 m® ha™!, valsts meZos tie ir vid&ji 18 m® ha™! jeb no vidgji 8 m® ha!
slapjaja ~ garsa  (Dryopteriosa) 1idz 30m*ha!  slapjaja  métraja
(Vaccinioso-sphagnosa). Pargjos mezos slapjainos vidéja noc€rtama stumbru
koksnes kraja ir 29m*ha!, no vidgi 13m’ha’' slapjaja verl
(Myrtillosa-polytrichosa) 1idz 50 m® ha™' slapjaja garsa (Dryopteriosa). Arenos
vid&ja nocértama stumbru koksnes kraja ir 19 m® ha™'. Valsts meZos arenos tie ir
vidgji 20 m* ha™' jeb no vidgji 8 m® ha' métru areni (Vacciniosa mel.) lidz
28 m* ha! platlapju areni (Mercurialiosa mel.). Pargjos mezos arenos videja
nocértama kraja ir 25 m® ha!, no vidgji 22 m® ha™' Saurlapju areni (Myrtillosa
mel.) Tidz 28 m* ha™' platlapju areni (Callunosa mel.). Saskana ar veiktajiem
aprékiniem vismazaka vidgja nocértama stumbru koksnes kraja (16 m® ha™') ir
kiidrenos. Valsts meZos kiidrenos tie ir 19 m* ha™', no 8 m® ha' métru kiidrent
(Vacciniosa turf. mel.) 1idz 26 m® ha™' platlapju kiidreni (Oxalidosa turf. mel.).
Pargjos kiidrenu mezos nocértama vidéja kraja ir 20 m® ha™' jeb no 7 m® ha™
platlapju kiidreni (Oxalidosa turf. mel) lidz 50 m*ha' métru kiidreni
(Vacciniosa turf. mel.).

Analizgjot teoretiski pieejamos stumbra koksnes krajas resursus meza
platibas ar 9—12 m augstiem kokiem, atkariba no valdosas koku sugas, jasecina,
ka valsts mezos lielaka dala (69%) resursu atrodas skuju koku audzes — 45%
priezu, 24% eglu audzes. Lapu koku audzes atrodas 31% no resursiem. Pargjos
mezos teorétiski pieejamie noc€rtamas stumbra koksnes resursi koncentréti lapu
koku audzés (87%), visvairak meza platibas, kur valdo$a suga ir baltalksnis
(38%). Skuju koku audzés paréjos mezos atrodas 13% no teorétiski pieejama
resursu potenciala.

Tehniski pieejamie energétiskas koksnes resursu izvertéjums parada, ka meza
platibas ar 9-12 m augstiem kokiem masiniz&ta starpcirté tehniski pieejami
757 tikst. t cirSanas atlieku un 886 tiikst. m* malkas. Valsts meZos atrodas 20%
no tehniski pieejamajiem resursiem, lielaka dala resursu koncentréta pargjos
meZos (605 tiikst. t meZizstrades atlieku un 715 tiikst. m> malkas).

Tehnologiski pieejamo resursu izvert€jums parada, ka maSinizeta starpcirte
tehnologiski pieejami 530 tiikst. t cirSanas atlieku un 798 tikst. m* malkas jeb
kopa 4588 tukst. MWh energgtiskas koksnes, parvéerSot to primaraja energija.
Tikai 19% no tehnologiski pieejamajiem energétiskas koksnes resursiem
koncentréti valsts meZos. Lielaka dala jeb 3686 tikst. MWh tehnologiski
pieejamas primaras energijas resursu koncentréta paréjas meza platibas. 27% no
kopgjiem tehnologiski pieejamajiem resursiem iegistami ziema, un mazaka dala
(38%) no tikai ziema ieglistamiem resursiem atrodas valsts meza platibas.

Pienemot, ka Sos resursus iegiist 5 gadu laika, vid€jais gada laika ieglistamas
primaras energijas daudzums ir 180 tukst. MWh valstij piedero$as un
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737 tukst. MWh par&jas meza platibas, neskaitot krajas pieaugumu energétiskas
koksnes sagatavoSanai piemérotajas platibas.

3.2. Masinizétas starpcirtes raZiguma raditaji
3.2.1. Sagatavoto kokmaterialu raksturojums

Maginiz&ta starpcirté, izmantojot John Deere 1070 E, nozageto koku
Tpatsvars, kuru stumbra tilpums nav lielaks par 0.1 m?, veido 94%. Darbus veicot
ar Rottne H8 un John Deere 1070 D, nozaggto koku ipatsvars (stumbra tilpums
neparsniedz 0.1 m?) ir 82.7% un 99.8% no kop&ja nozageto koku skaita.
Salidzinot ar datiem, kas iegiiti dalgji mehaniz&tos kopSanas darbos, izmantojot
motorzagi, secinats, ka audzes, kuru vidéja koka augstums ir 9-12 m, ari
lielakajai dalai jeb 94.4% nozageto koku stumbru, tilpums nav lielaks par 0.1 m?
(3.2. att.). ST atzina atbilst ieprieks§ veiktos pétijumos secinatajam, ka audzem,
kuras kaut kadu iemeslu del nav veikta sistematiska kopsana, raksturigs liels
sikkoksnes Tpatsvars, kas negativi ietekm&é mezizstrades masinas raZiguma
raditajus (Lazdans et al., 2006).
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3.2. att. Nozageto koku 1Ipatsvara sadalijums pa stumbra tilpuma grupam /
Fig. 3.2. Relative distribution of felled trees by stem volume

Starpcirtés nozagéto koku dimensiju un sagatavota kokmaterialu apjomu
raksturojoSie raditaji doti 3.1. tabula. Ar meZzizstrades masinu John Deere 1070 E
nozageti 16.7 tikst. koku, sagatavojot 591 m? kokmaterialu, vidéja nozageta
koka augstums bija 12.3 m, bet stumbra D; 3 = 8.8 cm (vid&jais stumbra tilpums
0.04 m*). Ar mezizstrades maStnu Rottne H8 pétljuma ietvaros nozageti
17.9 tokst. koku, sagatavojot 1089 m> kokmaterialu, vidéja nozageta koka
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augstums bija 11.4 m, bet stumbra D;3=10.2 cm (vid&jais stumbra tilpums
0.07 m®). Platibas, kurds izmantota meZizstrades masina John Deere 1070 D,
nozageti 13.4 tukst. koku, sagatavojot 86 m> kokmaterialu, videja nozageta koka
augstums bija 8.0 m, bet stumbra D;3=4.3 cm (vidgjais stumbra tilpums
0.01 m%). Starpcirte, kas veikta ar John Deere 1070 D un Bracke C.16 darba
galvu, nozageéto koku skats ir salidzinosi liels, tomér sagatavotais kokmaterialu
apjoms ir mazs. Situaciju varétu skaidrot ar to, ka lielu Ipatsvaru no nozagetajiem
kokiem veido pamezs un sikkoki, kurus saskana ar darba uzdevumu nebija
paredz&ts zaget, ja vien tie netrauc€ darbu izpildi. Tapat darba uzdevuma bija
paredzets kokmaterialus gatavot no kokiem, kuru D3 >3 cm. Analizgjot
sagatavoto kokmaterialu apjomu sadalifjuma pa stumbra tilpuma grupam,
konstatets, ka lielako dalu (no 67.6% ar Rottne H8 Ilidz 95.3% ar
John Deere 1070 D) kokmaterialu sagatavo, zagéjot kokus, kuru stumbra tilpums
neparsniedz 0.15m’. Lidziga situacija noverota, izmantojot motorzagi
(Kalgja et al., 2015), kad 98.3% no sagatavotajiem kokmaterialiem iegiti,
zaggjot kokus, kuru stumbru tilpums neparsniedz 0.15 m?.

3.1. tabula. Koku dimensiju un sagatavota kokmaterialu apjoma
raksturojums /
Table 3.1. Characterization of dimensions and volume of extracted trees
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502-427-6  [3706 8.2+0.09 [11.6+0.09 [102 0.03 +0.001
Tohn 502-434-1 [5364 9.4+0.07 [12.9+0.05 209 0.04 +0.001
Deere 1070 §303-329-1 579 0.540.19 [12.7+0.16 33 0.06 + 0.003
503-432-8  [3203 [7.7+0.07 [11.3+0.07 83 0.03 +0.001
503-479-12 [3499 9.3+0.07 |[12.8+0.06 [153 0.04 +0.001
503-481-6 397  17.5+0.19 [11.1£0.20 |11 0.03 +0.002
503-300-12 8228 [10.0+£0.05[11.4 +0.02 488 0.06 = 0.001
503-317-7 3845 [10.4+0.07[11.5+0.03 33 0.06 + 0.001
Rottne H8 ~ [503-318-17 [1 022 [11.3+0.14[11.9£0.06 [73 0.07 +0.002
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John Deere  [502-427-6 (13454143 +0.05 8.0+0.05 86 0.01 £ 0.0004
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3.2.2. Mezizstrades masinu vidéjie raZiguma raditaji

Kopuma maSiniz8tas starpcirtes darba laika uzskaite veikta
456 motorstundas.

Analizgjot vidgjos raziguma raditajus atSkirigdm mezizstrades masinam,
jasecina, ka starpcirt€, izmantojot John Deere 1070 E, efektivaja darba stunda
apstradati 158 koki, sagatavojot vid&ji 5.6 m* kokmaterialu. Vidgjais sasniegtais
razigums ir 5.8 m® (vidgja nozageta stumbra tilpums 0.03 m?) efektivaja darba
stunda (neskaitot laiku, kas pateréts iebrauksanai audze un izbrauksanai no tas).
Vidgjais efektivais darba laiks no kop&ja darba laika (mainas ilguma) ir 83.5%,
iebraukSanai un izbraukSanai no audzes teré&jot 4.6% no efektiva darba laika.

Stradajot ar masinu Rottne H8, vidgji efektivaja stunda apstradats 81 koks,
sagatavojot videji 5.0 m* kokmaterialu. Vidgjais sasniegtais raZigums ir
5.3 m? E;s h™!' (vidgja nozageta koka stumbra tilpums 0.06 m?), neskaitot laiku,
kas pateréts iebrauks$anai audz€ un izbrauksanai no tas. Vidgjais efektivais darba
laiks no kopgja darba laika ir 83.7%, iebrauksanai un izbraukSanai no audzes
tergjot 6.1% no efektiva darba laika. Ka liecina rezultati, efektiva darba laika
Ipatsvars kopgja darba laika raksturojams ka salidzinosi liels, un ir lielaks par
lidzigos pétijumos (Sirén, 2003) masinizetas starpcirtes uzradito (81.6%).

Ar meza masinu John Deere 1070 D vidgji efektivaja stunda apstradats
271 koks, sagatavojot vidgji 1.7 m* kokmaterialu. Vidéjais sasniegtais raZigums
ir 1.8 m* E;sh™! (vidgja nozageta koka tilpums 0.01 m?), neskaitot laiku, kas
paterets iebraukSanai audz€ un izbrauksanai no tas. Vidgjais efektivais darba
laiks no kopgja darba laika ir 75.2%, iebrauksanai un izbrauksanai no audzes
patéréti 3.4% no efektiva darba laika. Kaut arT efektivaja darba stunda apstradato
koku skaits ir salidzinoSi liels, razigumu bitiski ietekmé&ja nozagéto koku
dimensijas, kas atbilst lidzigos pétijumos izdaritajiem secindjumiem (Sirén,
2003). Tapat operatori pilniba nav sekojusi metodiskajiem noradijumiem,
zaggjot kokus, kuru D1 3 < 3 cm, arf tad, ja tie netraucé kokmaterialu novieto$anai
vai zagesanai (3.2. tabula).
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3.2. tabula. MeZizstrades masinam raksturigu raditaju kopsavilkums
sadalijuma pa meZaudzém /
Table 3.2. Summary of indicators by forest stand specific to forest machinery

< -
2 P ~
-~ = * |l = - =
- = = = 2
- DI 8] - RS = =
P = 13 = NS n N
= g RIS S 2 Rl
= T | = 2 S| &R . R 0
= = 3 S S| & v |4 @ o, B
1= ~ == | = %ﬁ = =~ & o £ “ g =B
2 - = 5 [ = P | @2 . g S
< = O 20 SRS =) S MW =~ - :,.‘;N
£5 ] S|~ o |EZ0lE 3 | |FERY
2 =z S Sl s e aX S| S|N=s |Ne8~<
g8 2~ |E8s5|E2 28|58 T |E8 |E85T e
=S € |ES|5% |E8<|8S§5|5a8 |2%ax
S = 3 [ o0 = —'#:\ - o = =B BN
&= S = 8y =S s S| g & |88 |8 ==&
173 A h= N 2 =3=| = wEL |wEF ST
N < ] S | '® O ro Y E S
3 EHs 15 2lzE B (2SS
2 ESles | |52 |~
= > s R0 2 T | w = S £ 5
S o S = S| X Q 5 <
Z. =3 |z S| = > =< %
= = ]
>§: b+ g - ~ IS
2 %3 5
= = ~
502-427-6 (223 |174+4 [95.6 3.0 48+0.1 |[49+0.1
502-434-1 [41.8 |164+3 [78.4 3.7 6.4+0.1 [6.6+0.1

503-329-1 |6.1 117+5 (80.3

o
N

John 6.6+03 [7.1+03

Deere 1070 E

503-432-8 |25.1 |155+4 |82.7

w
S}

4.0+0.1 {42+0.1

503-479-12128.6 |146+3 |83.6 59 64+0.2 [6.8+0.2

503-481-6 |3.2 151+£5 [81.4 8.8 43+0.2 |47+0.2
503-300-12 {1204 |75+3 |913 7.4 44+£02 |48+0.2
503-317-7 |54.7 (942 |75.1 6.0 57+0.1 |6.0£0.1

Rottne H8 503-318-17|12.6 |96+2 |84.5 2.5 69+02 [7.1+0.2
503-318-30 |54.8 |82+3 |74.2 3.6 43+03 |45+0.2
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IDeere 1070 D

Salidzinot vid€jos raziguma raditajus atSkirigam starpcirteé izmantotam
mezizstrades masinam, atkaribd no nozagéta stumbra tilpuma (3.3. att.)
konstatets, ka vislabakie rezultati sasniegti, darbus veicot ar John Deere 1070 E,
kas aprikots ar H 754 darba galvu, kam seko John Deere 1070 D ar Bracke C16.b
darba galvu un Rottne H8, kas aprikota ar EGS 405 darba galvu. Bitiskas
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atskiribas (p <0.05) konstatétas, salidzinot raziguma raditajus mezizstrades
masinam John Deere 1070 E un Rottne H8. Kaut arT promocijas darba ietvaros
veiktajos izmégindjumos kopsanas darbi, izmantojot motorzagi, netika veikti,
raziguma raditaju salidzinaSanai izmantoti dati, kas iegiiti lidzigos p&tijumos
(Kalgja et al., 2015). Kopuma raziguma raditdji, izmantojot motorzagi, ir butiski
mazaki (p < 0.05 salidzinajuma ar John Deere 1070 E; p < 0.05 salidzinajuma ar
John Deere 1070 D; p <0.05 salidzinajuma ar Rottne H8) neka masiniz&tas
starpcirtes raziguma raditaji. Palielinoties nozagéta stumbra tilpumam, palielinas
razigums, tomér, sasniedzot noteiktas koku dimensijas (John Deere 1070 E —
0.33 m?; Rottne H8 — 0.32 m?; John Deere 1070 D — 0.16 m®), raZiguma raditaji
vairs nepalielinas.
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3.3. att. Vid€jo raziguma raditaju salidzinajums attieciga stumbra tilpuma
grupa starpcirté izmantotajam meZizstrades masinam un rokas
motorzagim /

Fig. 3.3. Comparison of average productivity of harvester and chainsaw in
thinning by stem volume group

Ar regresijas funkciju var izskaidrot 91.5% (John Deere 1070 E), 81.9%
(Rottne H8) un 80.4% (John Deere 1070 D) no izmantoto masinu raZiguma
raditaju izmainam. Izmantojot motorzagi, 50.3% no raziguma raditaju izmainam
skaidrojamas ar regresijas funkciju. Veicot regresijas vienadojuma bitiskuma
novert&jumu, F-testa p-vertiba visos gadijumos ir mazaka par 0.05, kas nozime, ka
regresijas vienadojumi statistiski nozimigi izskaidro vid&jo raziguma raditaju
izmainas, atkariba no zaggjamo koku caurméra vai tilpuma. Starpcirté izmantoto
masinu un motorinstrumentu raziguma raditaju regresijas vienadojumu koeficienti
doti 3.3. tabula.
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3.3. tabula. Starpcirté izmantotajam meZizstrades masinam un motorzagim
raksturigo vidéjo raZiguma raditaju regresijas analizes rezultati /
Table 3.3. Results of regression analysis of average productivity of harvesters
and chainsaws in thinning

Koeficients Koeficienta | Standartkluida /| t-testa faktiska p-vertiba /

Coefficient vertiba / Standard error vertiba / p-value

Value of Actual value of the t-
coefficient test

John Deere 1070 E
a 0.895868 1.071575 0.836028709 0.409338255
b 91.19156 14.47364 6.300525578 4.56023E"
c -49.6721 40.70066 -1.220424181 0.231221528
Rottne H8
a 1.712063049 0.682744814 2.507617799 0.017094225
b 53.8443728 9.040072109 5.956188419 9.8169E"7
c -69.75723927 24.73321021 -2.820387595 0.007947637
John Deere 1070 D
a 0.637783567 1.46680713 0.43481079 0.67210702
b 100.7931133 31.43759951 3.206132621 0.008362893
c -163.9584908 121.6288765 -1.348022736 0.204755484
Motorzagis / Chainsaw
a 0.095346751 0.675377142 0.141175567 0.889299216
b 37.64778433 13.14094294 2.864922593 0.010295621
c -97.0220595 55.29421225 -1.754651266 0.096325984

Analizgjot darba laika elementu Tpatsvaru efektivaja darba laika, sagatavojot
1 m? kokmaterialu, konstatéts, ka nozagéto koku atzaro$ana/garumoSana un
sniegSanas péc zaggjama koka aiznémusi salidzinosi visvairak laika, attiecigi no
20.6% ar John Deere 1070 E Iidz 31.6% ar Rottne H8 un no 12.8% ar Rottne H8
lidz 33.6% ar John Deere 1070 E. Vismazak efektiva laika teréts tadu darba
elementu izpildei ka zaru novietoSana (no 0.1% ar John Deere 1070 E lidz 1.6%
ar Rottne H8), kas skaidrojams ar labiem darba apstakliem, un zagesanai (no 3%
ar Rottne H8 Iidz 8.1% ar John Deere 1070 E). IebraukSanai audze,
parbraucieniem pa audzi un izbraukSanai no audzes terétais laiks aprékinats ka
vidéja vertiba katrai no starpcirté izmantotajam meZizstrades masinam. Sos
raditaju liela meéra ietekmé cirsmas platiba. Efektivais darba laiks, kas teréts
iebrauksanai un izbraukSanai no audzes, bijis no 1.3% ar John Deere 1070 E Iidz
2.2% ar Rottne H8 un no 2.1% ar John Deere 1070 E 1idz 3.9% ar Rottne HS.

3.2.3. Darba metodes ietekme uz raZiguma raditajiem

Starpcirté salidzinatas divas darba metodes. Pirma darba metode paredz
gatavot darba uzdevuma noteiktos sortimentus, energgtiskas koksnes

21



gatavosanai izmantojot koku galotnes un stumbrus, kuri nav pieméroti citu,
kvalitates prasibam atbilstosu, kokmaterialu sortimentu gatavoSanai. Tapat darba
metode paredz energétiskas koksnes gatavo$ana maksimali izmantot stumbru
uzkrasanas funkciju. Otra darba metode paredz no visiem nozagétajiem kokiem
gatavot energétisko koksni (daléji atzarotu sikkoksni), maksimali izmantojot
stumbru uzkrasanas funkciju.

Stradajot ar pirmo darba metodi (mezizstrades masinas John Deere 1070 E
un Rottne H8), sagatavoti 1 176 m* koksnes (17 724 darba cikli), bet ar otro
(mezizstrades masinas John Deere 1070 E un John Deere 1070 D) — 119 m?
koksnes (3138 darba cikli). Lielaki vidgjie raziguma raditaji sasniegti, starpcirte
izmantojot otro darba metodi, neka stradajot ar pirmo darba metodi.
Mezizstrades maSmam raksturigu raditaju salidzinajums starp izmantotajam
darba metodém atspogulots 3.4. tabula.

3.4. tabula. MezZizstrades masinam raksturigu raditaju salidzinajums
izmantoto darba metoZu griezuma /
Table 3.4. Comparison of harvester productivity and stand parameters by

working method applied
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Salidzinot vidgjos raziguma raditajus attieciga stumbra tilpuma grupa,
starpcirte stradajot ar 1. darba metodi, labaki raditaji iegiti, izmantojot
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mezizstrades masmu John Deere 1070 E. AtSkirtbas ir statistiski butiskas
(p =< 0.05). Batiski lielaki vidgjie raziguma raditaji sasniegti, gan apstradajot
mazu dimensiju kokus (koka tilpums grupa > 0.01 m® uzraditais raZiguma
raditajs Rottne HS, salidzinajuma ar John Deere 1070 E, ir par 33% mazaks), gan
liclakus (koka tilpums grupa 0.06-0.07 m® uzraditais raZziguma raditajs
Rottne H8, salidzinajuma ar John Deere 1070 E, ir par 29% mazaks). Stumbra
tilpumam sasniedzot 0.45 m?, meZizstrades maSinai John Deere 1070 E
raziguma raditaji parstaj pieaugt (3.4. att.).
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3.4. att. Vid€jo raziguma raditaju salidzinajums meZizstrades masinam
attieciga stumbra tilpuma grupa pirmajai darba metodei /
Fig. 3.4. Comparison of average harvester productivity indicators by the stem
volume group for the first working method

Ar regresijas funkciju var izskaidrot 90.3% (John Deere 1070 E) un 62.6%
(Rottne H8) no starpcirteé izmantoto masinu raziguma raditaju izmainam.
Regresijas vienadojuma bitiskuma noveért€§jums parada, ka F-testa p-vertiba
visos gadijumos ir mazaka par 0.05, kas nozimée, ka regresijas vienadojumi
statistiski nozimigi izskaidro vid&jo raZiguma raditaju izmainas. Pirmajai darba
metodei raksturigie vid€jo raziguma raditaju regresijas analizes rezultati katrai
no starpcirté izmantotajam mezizstrades masam doti 3.5.tabula.
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3.5. tabula. Pirmajai darba metodei raksturigo vidéjo raziguma raditaju
regresijas analizes rezultati /
Table 3.5. Results of regression analysis of average productivity indicators
characteristic for the first working method

Koeficients Koeficienta |Standartklida/| t-testa faktiska p-vertiba /

Coefficient vertiba / Standard error vertiba / p-value

Value of Actual value of the t-
coefficient test

John Deere 1070 E
a -0.392485877 1.071786405 -0.36619785 0.716360811
b 117.1869614 7.931463586 14.77494792 7.40103E"
c -117.2486243 11.87811014 -9.870983088 8.77875E 12
Rottne H8
a 1.215406733 1.261608711 0.96337852 0.339499356
b 49.87584282 8.167626856 6.106528089 1.01938E"7
c -40.14429025 11.2784911 -3.559367108 0.000766239

Salidzinot vid€jos raziguma raditajus attiecigd stumbra tilpuma grupa,
starpcirt€ izmantojot 2. darba metodi, redzams, ka labaki raditaji ieguti,
izmantojot mezizstrades masinu John Deere 1070 E, turklat atskiribas ir
statistiski butiskas (p < 0.05, 3.5. att.). Mezizstrades masina John Deere 1070 E
uzrada butiski lielakus vidgjos raziguma raditajus, gan apstradajot mazu
dimensiju kokus (ja stumbra tilpums <0.01 m’, raZiguma raditajs
John Deere 1070 D, salidzinajuma ar John Deere 1070 E, ir par 29% mazaks),
gan lielakus (ja stumbra tilpums ir vidgji 0.26 m®, raZiguma raditajs
John Deere 1070 D salidzinajuma ar John Deere 1070 E ir par 47% mazaks).
Salidzinosi mazs vidéja nozagéta koka tilpums (vien 0.01 m*) ir viens no
butiskakajiem faktoriem, kas ietekmgjis John Deere 1070 D raziguma raditajus,
neskatoties uz to, ka operatori aktivi izmantojusi stumbru uzkrasanas mehanismu
(vidgji 5.2 darba cikla apstradati koki), vid€jais razigums ir relativi neliels.
Stumbra tilpumam sasniedzot 0.6 m?, raZiguma raditaji nepalielinas arf, stradajot
ar John Deere 1070 E.
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3.5. att. Vid€jo raziguma raditaju salidzinajums attieciga stumbra tilpuma
grupa otrajai darba metodei /
Fig. 3.5. Comparison of average harvester productivity by the stem volume
groups for the second working method

Ar regresijas vienadojumu var izskaidrot 96.1% (John Deere 1070 E) un
(John Deere 1070 D) no raziguma raditaju
izmantojot 2. darba metodi. Regresijas vienadojuma bitiskuma novertgjums
parada, ka F-testa p-vértiba visos gadijumos ir mazaka par 0.05, kas nozimg, ka
regresijas vienadojumi statistiski nozimigi izskaidro vidgjo raziguma raditaju
izmainas. Otrajai metodei raksturigie vid€jo raziguma raditaju regresijas analizes

80.4%

izmainam,

rezultati, katrai no starpcirté izmantotajam mezizstrades masinam doti

3.6. tabula.

3.6. tabula. Otrajai darba metodei raksturigo vidéjo raziguma raditaju
regresijas analizes rezultati /
Table 3.6. Results of regression analysis of average productivity indicators of
the second working method

starpcirté

Koeficients /| Koeficienta Standartkliida / | t-testa faktiska | p-vértiba/

Coefficient vertiba / Standard error vertiba / p-value

Value of Actual value of the|
coefficient t-test

John Deere 1070 E
a 1.253042767 1.084604249 1.155299518 0.260361827
b 113.2956835 12.03230992 9.415954568 3.56682E%
c -49.89734084 22.9636665 -2.172882142 0.040836327
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3.6. tabulas turpinajums / continuation of the Table 3.6.

Koeficients /| Koeficienta Standartkliida / | t-testa faktiska | p-vértiba/

Coefficient vertiba / Standard error vertiba / p-value

Value of Actual value of the|
coefficient t-test

John Deere 1070 D
a 0.637783567 1.46680713 0.43481079 0.67210702
b 100.7931133 31.43759951 3.206132621 0.008362893
c -163.9584908 | 121.6288765 -1.348022736 0.204755484

3.2.4. Operatora ietekme uz raZziguma raditajiem

Lidzigos pétijjumos secinats, ka operatoru darba ieradumiem ir batiska
ietekme uz meza masinu raZiguma raditajiem (Kérhd et al., 2004), tadel,
analizgjot darba metodes ietekmi, nemts vera arT operatoru sniegums, izmantojot
dazadas darba metodes.

Stradajot ar mezizstrades masinu John Deere 1070 E, izmantojot 1. darba
metodi, kas paredz gatavot standarta sortimentus un dal&ji atzarotos sikkoksnes
sortimentus, maksimali izmantojot stumbru uzkrasanas mehanismu, veica divi
operatori (turpmak teksta A un B). Savukart ar mezizstrades masinu Rottne H8
stradaja Cetri operatori (turpmak teksta C, D, E un F).

Labakos vidgjos raziguma raditajus (5.4 m® efektivaja stunda pie videja
stumbra tilpuma 0.05 m?) uzradija meZizstrades masina John Deere 1070 E. Abu
operatoru uzraditie vidgjie raziguma raditaji ir lidzigi, tomér, analizgjot vidgjo
raziguma raditaju izmainas dazadas stumbra tilpuma grupas (3.6. att.),
apstradajot kokus, kuru tilpums ir lielaks par 0.1 m’, vérojamas statistiski
butiskas (p = < 0.05) atskiribas, un operatora A uzraditie vidgjie raziguma raditaji
ir ieverojami labaki. ArT mezistrades masinas Rottne H8 operatoru uzraditie
vidgjie raziguma raditdji dazadas stumbra tilpuma grupas statistiski butiski
(p =< 0.05) atskiras un vidgjais razigums atkariba no operatora bija no 4.2 m*
(vidgja nozageta stumbra tilpums 0.06 m*) operatoram C Iidz 6.8 m® (vid&ja
nozageta stumbra tilpums 0.08 m?) operatoram E (3.7. tabula).
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3.7. tabula. MeZizstrades masinu operatoriem raksturigo raditaju
salidzinajums, starpcirté izmantojot pirmo darba metodi /
Table 3.7. Comparison of indicators characteristic of harvester operators using
the first working method in thinning
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1070 E
Rottne H8 |C [3256 [80.7 [197 [4.2+0.1[0.06+0.1[9.7+0.1 [3614][1.2+0.1
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Atskiribas uzraditajos raziguma raditajos skaidrojamas ar atskirigu pieeju
zaggjamo koku izvélei, kas ietekme nogasanas un atzaroSanas laiku, ka ar darba
laika izmantoSanas efektivitati. Operatoram, kur§ uzradijis sliktakos raziguma
raditajus, noverots arT mazakais efektiva darba laika Tpatsvars no kopgja darba
laika (80.7%). Izmantojot vienadojumu raziguma raditaju aprékinaSanai pie
at$kiriga zaggjamo koku tilpuma (no 0.01 Iidz 0.10 m?®), operatoru raZiguma
raditaji pieaug no 1.3 1idz 6.2 m* E;5 h™! operatoram C; no 1.1 11dz 6.9 m* E;s h™!
operatoram D; no 1.4 Iidz 9.0 m* E;sh! operatoram E un no 1.5 Iidz
7.3 m® Eys h™! operatoram F (3.6. att.).
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Razigums, m® efektivaja stunda /
Productivity, m?® per productive hour
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3.6. att. Mezizstrades maSinu operatoru vidéjo raZiguma raditaju
salidzinajums, stradajot ar pirmo darba metodei /
Fig. 3.6. Comparison of average productivity indicators of harvester operators
using the first working method

Ar regresijas vienadojumu var izskaidrot 94.6% John Deere 1070 E,
operators A; 86.1% John Deere 1070 E, operators B; 79.3% Rottne HS,
operators C; 46.9% Rottne H8, operators D; 65.7% Rottne H8, operators E; un
65.7% Rottne H8, operators F, raziguma raditaju izmainas, masinizeta starpcirte
izmantojot 1. darba metodi. Regresijas vienadojuma bitiskuma novert€jums
parada, ka F-testa p-vértiba visos gadijumos ir mazaka par 0.05, kas nozimg, ka
regresijas vienadojumi statistiski nozimigi izskaidro vidgjo raziguma raditaju
izmainas. Operatoriem raksturigie vidéjo raziguma raditaju regresijas analizes
rezultati pievienoti 3.8.tabula.
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3.8. tabula. Pirmajai darba metodei raksturigo vidéjo raZiguma raditaju
regresijas analizes rezultati sadalijuma pa operatoriem /
Table 3.8. Results of regression analysis of average productivity indicators
characteristic for the first working method in division by operators

Koeficients / Koeficienta |Standartklada/| t-testa faktiska | p-veértiba/
Coefficient vertiba / Standard error vertiba / p-value
Value of Actual value of
coefficient the t-test

John Deere 1070 E (A)

a

2.042517457

1.275798071

1.600972367

0.118914112

b

69.09181806

10.68001269

6.469263669

2.44067E7

C

28.10805641

17.60256374

1.596816056

0.119839834

John Deere 1070 E (B)

a

2.800532314

1.505424111

1.86029458

0.074647829

b 68.07231263 11.54399308 5.896773512 3.74428E-%
c -32.10077992 |16.5174589 -1.943445425 0.063301939
Rottne H8 (C)

a 2.224266406  |0.799775124 2.781114763 0.008383649
b 29.36166259  |8.385868773 3.501326265 0.00120053
c -2.55393094 18.72031472 -0.136425641 0.892205023
Rottne HS (D)

a 0.488907745 1.665267292 0.293591153 0.770804278
b 67.13056831 14.63665764 4.586468437 5.55678E%
c -88.34044146  |26.81592348 -3.294327772 0.002264308
Rottne HS (E)

a 0.657544265 1.790313837 0.36727877 0.715132759
b 76.44044839 12.69852825 6.019630532 2.91973E"7

C

-65.08940487

18.68802088

-3.482947996

0.001116028

Rottne HS (F)

a

0.657544265

1.790313837

0.36727877

0.715132759

b

76.44044839

12.69852825

6.019630532

2.91973E77

C

-65.08940487

18.68802088

-3.482947996

0.001116028

Masinizeta starpcirté, izmantojot 2. darba metodi, kas paredz gatavot tikai
energétisko koksni, darbus veica divi mezizstrades masinas John Deere 1070 E
operatori (A un B) un viens John Deere 1070 D operators (G). Labakos vidgjos
raZiguma raditajus (4.5 m? Eis h™! pie vidgja stumbra tilpuma 0.05 m®) uzradija
John Deere 1070 E operators B (3.9. tabula).
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3.9. tabula. MeZizstrades masinu operatoriem raksturigo raditaju
salidzinajums, starpcirté izmantojot otro darba metodi /
Table 3.9. Comparison of indicators characteristic of harvester operators using
the second working method in thinning
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John A |20 534 1 35+0.110.04 £0.1 |7.4+0.1|28 1.4+0.1
Deere B [480 [68.7 33 4.5+0.1/0.05+0.1 {9.3£0.1|809 1.7+0.1
1070 E
John G 2638 |75.2 86 1.7+0.1/0.01 £0.1 |4.0+0.1|13454 {5.2+0.1
Deere

1070 D

Kaut arT vidgjie raziguma raditaji operatoriem ir atskirigi, salidzinot raZiguma
raditajus, kadi sasniegti, apstradajot dazada tilpuma stumbrus (3.7. att.),
statistiski butiskas atSkiribas starp operatoriem nav konstatétas (p > 0.05).
Izmantojot vienadojumu raziguma raditaju aprékinasanai pie dazadiem stumbra
tilpumiem (no 0.01 1idz 0.10 m?), operatoru uzraditie razZiguma raditaji pieaug no
1.7 Iidz 7.8m*E;sh™?' John Deere 1070 E, operators A; no 2.1 Iidz
13.8 m* E;s h™! John Deere 1070 E, operators B; no 1.9 lidz 10.9 m® Ejs h™!
John Deere 1070 D, operators G.
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3.7. att. Mezizstrades masinu operatoru vidéjo raziguma raditaju
salidzinajums, stradajot ar otro darba metodei /
Fig. 3.7. Comparison of average productivity values of harvester operators
working with the second working method

Ar regresijas vienadojumu var izskaidrot 65.9% John Deere 1070 E,
operators A;  96.4%  John Deere 1070 E,  operators B; un  80.4%
John Deere 1070 D, operators G, no raziguma raditaju izmainam, starpcirté
izmantojot 2. darba metodi. Regresijas vienadojuma bitiskuma novert€jums
parada, ka F-testa p-vértiba visos gadijumos ir mazaka par 0.05, kas nozimg, ka
regresijas vienadojumi statistiski nozimigi izskaidro vidgjo raziguma raditaju
izmainas. Operatoriem raksturigie vidgjo raziguma raditaju regresijas analizes
rezultati pievienoti 3.10. tabula.

3.10. tabula. Otrajai darba metodei raksturigo vidéjo raZziguma raditaju
regresijas analizes rezultati sadalijuma pa operatoriem /
Table 3.10. Results of regression analysis of average productivity indicators
characteristic for the second working method by harvester operators

Koeficients / Kof fiflenta Standartklida /| _ t-_testa faktiska p-vértiba /
Coefficient vertiba / Standard error vertiba / Actual value p-value
- Value of coefficient| of the t-test
John Deere 1070 E (A)
a 0.739434 1.422371 0.51986 0.621776
b 100.7864 47.88097 2.104936 0.07993
c -320.846 262.7422 —1.22115 0.267834
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Tabulas 3.10. turpinajums/ continuation of the Table 3.10.

Koeficients /| coeicienta g dartiluda /| _ Giesta faktiska p-vértiba /

Coefficient ver?lba / . Standard error vertlba./ Actual value p-value
Value of coefficient| of the t-test

John Deere 1070 E (B)

a —0.503 1.568134 —0.32138 0.752086

b 152.7976 17.95734 8.508921 2.47E77

c —119.708 36.40862 —3.28791 0.004636

John Deere 1070 D (G)

a 0.637784 1.466807 0.434811 0.672107

b 100.7931 31.4376 3.206133 0.0083663

c -163.958 121.6289 —1.34802 0.204755

Stradajot ar 1. darba metodi, mezizstrades masinas John Deere 1070 E
sasniegtie raZiguma raditaji atkariba no nozagéto stumbru tilpuma
izm&gindjumos iesaistitajiem operatoriem atSkiras par 1.2% (stumbra tilpums
0.05 m®) Iidz 38% (stumbra tilpums 0.07 m?).

Izmantojot 2. darba metodi, mezizstrades masinas John Deere 1070 E
operatoru sasniegtie raziguma raditaji atkariba no nozag€to stumbru tilpuma
at8kiras no 0.4% (stumbra tilpums 0.04 m?) Iidz 59% (stumbra tilpums 0.02 m?).

3.3. MasSinizétas starpcirtes ekonomiska efektivitate

Viens no galvenajiem faktoriem, kas ietekm& mezizstrades masinas izveli
masinizeta starpcirt€ meza platibas ar 9-12 m augstiem kokiem, ir darbu
izmaksas. Pakalpojumu pirc€jiem, tapat ka pakalpojumu sniedzgjiem, aizvien
aktuals ir jautdjums par mezizstrades maSinu raziguma un ekonomiska
izdeviguma palielinaganu. Lidz$ingjie pétijumi pieradijusi, ka tehnologiju
izmantoSana lauj vismaz par 16% palielinat razigumu (Bergstrom, 2009;
Bergstrom et al., 2010; Lazdins, 2012), tadgjadi uzlabojot masiniz&tas starpcirtes
un energetiskas koksnes sagatavosanas ekonomisko izdevigumu.

Ta ka starpcirtés galvenokart iegiist energetiskas koksnes sagatavoSanai
piemérotu sikkoksni (apstradajamo stumbru tilpums ir no 0.01 Iidz 0.10 m?),
butiski ir mekl&t lidzsvaru starp kokmaterialu sagatavoSanas izmaksam un tirgus
cenu, par kadu sagatavotos kokmaterialus iesp&jams realiz&t. Veicot maSinizetas
kokmaterialu sagatavo$anas izmaksu analizi, izmantoti izméginajumos iegutie
vidgjie raziguma raditaji un aprékinatas efektivas darba stundas izmaksas katrai
no izmantotajam mezizstrades masinam. Abam vidgjas klases meza masinam
vidgjas efektivas darba stundas izmaksas saskana ar aprékiniem ir 49 EUR,
savukart mazas klases meza maSinas efektivas darba stundas izmaksas ir
46 EUR, t.i. par 6% mazakas. Darba stundas izmaksas butiski ietekmé
pienémumi par operatoru atalgojumu un masinu tehnisko gatavibu un
izmantoSanas efektivitati, kas var dubultot aprékinatas darba stundas izmaksas.
legtitie rezultati parada, ka, izmantojot vid&jas klases mezizstrades masinu
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John Deere 1070 E, kokmaterialu sagatavosanas izmaksas ir mazakas neka abam
paréjam izmantotajam mezizstrades masinam (3.8. att.).
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3.8. att. Kokmaterialu sagatavoSanas izmaksas dazadam meZizstrades
masinam atkariba no nozagéta stumbra tilpuma /
Fig. 3.8. Timber production costs by different harvesters depending on the

volume of theextracted trees

Dazadu valstu pétnieki veikus$i darba raziguma pé&tijumus, lai izstradatu péc
iesp€jas precizakus kokmaterialu razoSanas izmaksu aprékina modelus, kas lauj
prognozet sagaidamas un aktualas razo$anas izmaksas. Energétiskas koksnes
razoSanas izmaksu aprékinasanai izmantots papildinats un pielagots COST
projekta FP0902 aktivitates ietvaros izstradats izmaksu kalkulacijas bazes
modelis, kas paredz izmaksu kalkulaciju gan atseviskam mezizstrades
tehnologiska procesa dalam, gan mezizstrades tehnologiskajam procesam
kopuma (Kalgja et al., 2018b).

Kokmaterialu sagatavoSana salidzinatas izmaksas tris izmantotajam
mezizstrades maStnam ar katrai masinai raksturigajam izmaksam un raziguma
raditajiem. Kokmaterialu sagatavoSanas izmaksas sastav no 3 izmaksu poziciju
grupam un planotas pelnpas. Darbaspeka izmaksas veido lielako dalu no
mezizstrades masinu gada kop€jam izmaksam un ir no 37% (John Deere 1070 E)
Iidz 41% (Rottne H8). Ieguldijumu izmaksas ir otrs lielakais izmaksu postenis
un atkariba no izmantotas meza masinas ir no 29% (Rottne H8) Ilidz 34%
(John Deere 1070 D). Kopgjas ekspluatacijas izmaksas ir no 21% (Rottne H8)
11dz 25% (John Deere 1070 E un John Deere 1070 D).

Masiniz&tas mezizstrades darbos, izmantojot vidgjas klases mezizstrades
masinas John Deere 1070 E un John Deere 1070 D, pie sasniegtajiem katrai
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masinai raksturigajiem vidgjiem raziguma raditajiem, gada laika (2880 efektivas
darba stundas) iesp&ams sagatavot 14 tiikst. m® apalo kokmaterialu un
6 tikst. ber. m® energéetiskas koksnes, stradajot ar John Deere 1070 E un
5 tiikst. m> apalo kokmaterialu un 1 tiikst. ber. m* energétiskas koksnes, stradajot
ar John Deere 1070 D. Mazas klases mezizstrades masina Rottne HS gada laika
(vidgjais sasniegtais razigums 5 m’ E;sh™'; 2880 efektivas darba stundas)
sagatavo 15 tiokst. m® apalo kokmaterialu un 6 tikst. ber. m® energétiskas
koksnes. Vidgjas kokmaterialu sagatavoSanas izmaksas bitiski ietekmé masinu
razigums (3.11. tabula). Mazakas kokmaterialu sagatavoSanas izmaksas
sasniegtas, izmantojot John Deere 1070 E mezizstrades masinu (vidgjais
razigums 5.6 m®E;s h™!). Izmantojot mazas klases meZizstrades maSinu
Rottne H8, vidgjas kokmaterialu sagatavosanas izmaksas ir par 11% (vidgjais
razigums 5 m3 Ejs h™!) liclakas neka vidgjas klases meZizstrades masinai
John Deere 1070 E ar H 754 darba galvu. Savukart, John Deere 1070 D vidgjais
razigums (1.7 m3 E;s h™!) atstajis biitisku ietekmi uz kokmaterialu razoSanas
izmaksam, salidzinajuma ar John Deere 1070 E — tas palielinajusas par 72%.
Kokmaterialu sagatavoSanas izmaksu salidzinajums starpcirt€ izmantotajam
mezizstrades masinam paradits 3.11. tabula.

3.11. tabula. Kokmaterialu sagatavosanas izmaksu salidzinajums dazadam
meZizstrades masinam /
Table 3.11. Comparison of timber production costs for different harvesters

N . John Deere John Deere
Raditaji / Indicators 1070 E Rottne H 8 1070 D

141 399 131 300 142 477

Kopgjas izmaksas, EUR gada /
Summary of costs, EUR per year

leguldijumi / Investment cots 45720 38 281 46 747
Darbaspéks / Labour costs 53363 53363 53363
ekspluatacijas izmaksas / Operational cots |35 583 33403 35583
planota pelna / Profit margin 6733 6252 6785
Razigums, m® Eis h™!/ Productivity, m® E;s ™! |5.6 5.0 1.7

Kopgjais sagatavotais kokmaterialu apjoms,
m?® gada / Total amount of timber, m? per year

apalie kokmateriali / Roundwood 13 568 11 740 4359
energétiskas koksne no stumbra atliekam /

17 521 15488 5319

Solid biofuel and stem residues 1050 1209 >2
energgtiska koksne no mezizstrades
atliekam / Biofuel and logging residues 1411 1247 428
mizas un citi atlikumi /Bark and other 1492 1291 480
residues
P ra— 3 —— 3
Energétiska koksne ber. m® gada / Biofuel, LV m 5006 5396 1152

\per year
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3.11. tabulas turpinajums/ continuation of the Table 3.11.

S . John Deere John Deere
Raditaji / Indicators 1070 E Rottne H 8 1070 D
Vidgjas kokmaterialu sagatavosanas izmaksas,
EUR m™3/ Average timber preparation costs, 7.6 8.5 26.8
EUR LV m3

Analizgjot vidgjas efektivas darba stundas izmaksas, sagatavojot
kokmaterialus, labaki raditaji iegiti, starpcirté izmantojot John Deere 1070 E un
Rottne H8 (46 EUR E;s h™"), savukart meZizstrades masinai John Deere 1070 D
vidgjas darba stundas izmaksas bija lielakas (49 EUR Eish™!). Par 10%
samazinoties mezizstrades masinu noslodzei (efektivo darba stundu skaitu) gada,
vidgjas efektivas darba stundas izmaksas mezizstrades masinai Rottne H8
palielinas par 3 EUR Ejsh™!, bet vidgjas klases meZizstrades maSinam
John Deere 1070 D un John Deere 1070 E par 4 EUR Es h™'.

Salidzinot dazadu mezizstrades masinu un tehnologisko procesu izmaksas,
lietderigi veikt salidzinajumu relativa izteiksmé, jo, pieméram, atalgojums un
planota tehniska pieejamiba un noslodze var bitiski ietekmét darba stundas
izmaksas, attiecigi, arT salidzinajumu.

Kopgjas energétiskas koksnes razoSanas izmaksas ietver ne vien
sagatavoSanas, bet arT pievesanas, smalcinaSanas un izvesanas, jeb mezistrades
tehnologiska procesa izmaksas. Aprékinos izmantoti lidz§ingjos pé&tjjumos
iegltie vidgjie raditaji, kas raksturo ieguldijuma, darbaspeka un ekspluatacijas
izmaksas, ka arT vid&jie raziguma raditaji. Energétiskas koksnes piegade
galapatérétajam iesp&jams izvéleties divus piegades scenarijus. Scenariju
izvertéjuma pienemts, ka visam mezizstrades ma§inam vid&ja nozagéta koka
D13 =8 cm. Pirmais no scenarijiem paredz piegadat dalgji atzarotu sikkoksni,
kuras parstradi veic galapatérétajs. Izmantojot $o scenariju, atkariba no izvéletas
mezizstrades masinas, kokmaterialu sagatavoS$anas, piegades un izveSanas
izmaksas ir no 8.1 (John Deere 1070 E) lidz 10.5 (Rottne H8) EUR ber. m™
(3.9. att.).

Saskana ar otro scenariju energétisko koksni smalcina aug$gala krautuvé un
gala paterétajam piegada Skeldu veida. Kokmaterialu sagatavoSanas, pievesanas,
smalcinasanas un sagatavoto $keldu izveSanas izmaksas atkariba no izmantotas
mezizstrades masias ir no 7.9 (John Deere 1070 E) lidz 11.0 (Rottne HS)
EUR ber. m= (3.10. att.).
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Fig. 3.10. Production costs in wood chips supply scenario
Lidzsingjie petijumi liecina, ka dal&ji atzarotas sikkoksnes piegades scenarijs
ir viena no iespgjam, ka sagatavotos kokmaterialus nogadat galapatérétajam
(Kalgja et al., 2014). Promocijas darba ietvaros veiktie aprékini parada, ka,
izveloties dalgji atzarotas sikkoksnes piegades scenariju, mezizstrades
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tehnologiska procesa izmaksas iespgjams samazinat no 2% (John Deere 1070 E)
lidz 5% (Rottne H8). Kaut arT iegiitie rezultati parada, ka noteiktos apstaklos
dalgji atzarotas sikkoksnes piegades scenarija izmantoSana lautu samazinat
meZizstrades tehnologiska procesa izmaksas, Latvija prakse §is scenarijs netiek
izmantots, un lidzigos petfjumos pieradits, ka kokved&ju maza ietilpiba no
ekonomiska viedokla padara to izmantoSanu mazak efektivu salidzinajuma ar
Skeldu vedgju (Kalgja et al., 2014). Energgetiskas koksnes gatavosana, izmantojot
John Deere 1070 D, skeldu piegades scenarijs salidzinajuma ar dalg&ji atzarotas
sikkoksnes piegades scenariju lauj par 2% samazinat mezizstrades tehnologiska
procesa izmaksas. Skeldu piegades scenarijs ka ekonomiski efektivakais atzits
arT lidzigos pétijumos (Kalgja et al., 2014) un prakse to izmanto mezizstrades
tehnologiskaja procesa.

Pétfjuma rezultati apstiprina darba izvirzito tezi par energétiskas koksnes
sagatavoSanas rentabilitati, izveloties atbilstoSu tehniku. Vidgjas klases
mezizstrades masina John Deere 1070 E ar standarta darba galvu, kas aprikota ar
papildu satvérgjiem, izméginajumos nodrosinaja relativi mazakas kokmaterialu
un energétiskas koksnes razo$anas izmaksas, neatkarigi no izmantotas darba
metodes (videjas kokmaterialu sagatavoSanas izmaksas 7.6 EUR m™; vidgja
nozagéta koka augstums 12.3 m; D;3=8.8 cm; vidgjais stumbra tilpums
0.04 m®). Taja pasa laika standarta tehnikas izmantoSana teorétiski lauj palielinat
tehnikas izmantoSanas efektivitati un samazinat tehnikas parvietoSanas
izmaksas, veicot meZzizstradi ari starpcirtés un galvenaja cirté nelielu dimensiju
koku audzgs.

Ar Bracke C.16 darba galvu aprikotas John Deere 1070 D mezizstrades
masinas izmantoSana izradijas salidzino$i neefektivs risinajums (vidgjas
kokmaterialu sagatavo$anas izmaksas 26.8 EUR m™), tacu §is tehnikas vienibas
efektivitati bitiski ietekméja ievérojami mazakas nozaggjamo koku dimensijas
(vidgja nozageta koka augstums 8 m; D;3=4.3 cm; vidgjais stumbra tilpums
0.01 m®) pie vienadiem audzes parametriem, kas savukart izriet no darba
metodes. Stradajot ar vidgjas klases mezizstrades masinu, kas aprikota ar
Bracke C.16 darba galvu, bija janozage arT dimensijas mazus kokus, ka rezultata
palielinas darba laika patérins gan kokmaterialu sagatavosanas, gan izveSanas
procesa. Bracke C.16 darba galvas pielietoSanas efektivitati var butiski palielinat
darba metodes izmainas, izmantojot kadu no simetriskas kopsanas metodém un
izvairoties no mazako koku un kriimu zaggSanas.
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SECINAJUMI

Saskana ar MSI 3. cikla (2014-2019) datiem mezaudzes, kuras
valdaudzes koku augstums ir 9-12 m, aiznem 7% no kopgjas meza
platibas Latvija. Lielaka dala jeb 63% $adu meza platibu atrodas pargjo
Tpasnieku mezos. Teorétiski pieejamie energétiskas koksnes resursi §ados
meZos ir 7054 tiikst. m? (virszemes biomasa 4091 tikst. tsausnas), taja skaita
valsts meZos atrodas vien 27% jeb 1927 tikst. m? (virszemes biomasas
1109 tiikst. tsausnas), bet pargjos mezos teorétiski pieejami 5127 tikst. m?
(virszemes biomasas 2982 tukst. tsausnas)-

. Tehnologiski pieejamiem resursiem attiecigajas meza platibas atbilst
530 tikst. t cirSanas atlicku un 798 tiukst. m® malkas jeb kopa
4588 tiikst. MWh energétiskas koksnes, parveérsot to primaraja energija,
un tikai 19% no resursiem koncentréti valsts meZos. Sim resursu veidam
ir neliela saimnieciska nozime, tacu masinizéta starpcirte laikus
neizkoptas meZa platibas, gatavojot energétisko koksni, var sekmét
mezaudzu vértibas pieaugumu nakotng.

. Masinizéta starpcirté vislabakie raziguma raditaji sasniedzami,
izmantojot darba metodi, kas no visiem nozagétajiem kokiem paredz
gatavot dal&ji atzarotus sikkoksnes sortimentus. Bitiski (p = 0.01 < 0.05)
labaki vidgjie raziguma raditaji izmégindjumos sasniegti, izmantojot
vidgjas klases mezizstrades masinu John Deere 1070 E, kas aprikota ar
H 754 darba galvu, t.i. izplatitako vidgjas klases mezizstrades risinajumu
kopsanas cirtés Latvija.

. Mazas klases mezizstrades masinas (Rottne H8 ar EGS 405 darba galvu)
kopgjas izmaksas gada griezuma ir I1dz 16% mazakas, neka vidgjas klases
mezizstrades masinas (John Deere 1070 E ar H 754 darba galvu) izmaksas
un to liela méra ietekmé salidzino$i mazakas ieguldijumu izmaksas.
Tomeér, starpcirté izmantojot John Deere 1070 E mezizstrades masinu,
vidgjas energétiskas koksnes sagatavo$anas izmaksas, pateicoties
labakiem raziguma raditajiem, ir par 15% mazakas.

. Vidgjas klases mezizstrades masina John Deere 1070 E ar H 754 darba
galvu izm&ginajumos nodrosinaja relativi mazakas energétiskas koksnes
razo$anas izmaksas, neatkarigi no izmantotas darba metodes. Ar Bracke
C.16 darba galvu aprikotas John Deere 1070 D mezizstrades masSinas
izmantoSana izradijas salidzinosi neefektivs risinajums, tacu §Is masinas
efektivitati batiski ietekmgja ieveérojami mazakas nozag€jamo koku
dimensijas pie vienadiem audzes parametriem, kas savukart izriet no
darba metodes. Efektivitati var bitiski palielinat, izmantojot kadu no
simetriskas kopSanas metodém un izvairoties no mazako koku un kriimu
zagesanas.

. Mezizstrades masSinu noslodze (efektivo darba stundu skaits) gada bitiski
ietekmé efektivas darba stundas vidgjas izmaksas. Par 10% samazinot
masinu noslodzi, mazas klases mezizstrades masinai Rottne H8 efektivas
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darba stundas izmaksas palielinas par 6%, bet vidgjas klases mezizstrades
masinam John Deere 1070 D un John Deere 1070 E par 7-8%. Taja pasa
laika standarta tehnikas izmantoSana lauj palielinat tehnikas izmantoSanas
efektivitati un samazinat tehnikas parvietoSanas izmaksas, veicot
mezizstradi ar1 starpcirt€s un galvenaja cirteé nelielu dimensiju koku
audzgs.

Kaut arT aprekinu rezultati parada, ka noteiktos apstaklos dalgji atzarotas
sikkoksnes piegade lautu samazinat mezizstrades tehnologiska procesa
izmaksas par 2% (John Deere 1070 E) lidz 5% (Rottne H8), Latvija So
scenariju praks€ neizmanto. Energétisko koksni galapatérétajam piegada
galvenokart, izmantojot Skeldu piegades scenariju, kas pétijjuma ietvaros
atzits ka ekonomiski pamatots mezizstrades tehnologiska procesa
risinagjums, energétiskas koksnes gatavoSana izmantojot galvenokart
mazu dimensiju kokus.
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1. GENERAL DESCRIPTION OF THE THESIS

1.1. Relevance of the topic

Historically, the owners have managed the forest in such a way as to ensure
the sustainable availability of resources and obtain the most economically
important forest product — timber. The growing demand for wood products makes
it necessary to look for new, scientifically and practically based solutions for the
improvement of forestry practices and wood supplies. Wood biofuel is dominant
renewable energy resource in Latvia, which still has the greatest potential for
increasing use. Changes in the approach to the use of wood could promote the
development of Latvia's energy sector by achieving the goals set in the
Sustainable Development Strategy of Latvia until 2030, which are related to
increasing the share of energy produced using renewable energy to 40% of gross
final energy consumption. Previous research shows that the largest theoretically
obtainable unused wood biofuel reserves in thinnings are found in stands
between 21 and 30 years of age. As different technical and technological
solutions are possible in the use of these resources, it is important to evaluate not
only the theoretical but also the technological and economic availability of
resources before expanding production. The mechanization of thinnings, which
is generally linked to the extraction of wood biofuel, is mainly hampered by
economic factors. Previous studies in the Nordic countries have shown that the
productivity of harvesters of similar size and capacity achieved under similar
conditions does not differ significantly, which suggests that medium-sized
harvesters, which are currently widely used in the final felling areas in Latvia,
can be used in mechanized thinnings for the production of wood biofuel. The
topicality of the research is determined also by the fact that there is still an
unanswered question about the most suitable technical and technological solution
for wood biofuel extraction in mechanized thinning, evaluating the factors
influencing machine productivity, as well as evaluating the economic benefits of
mechanized thinning.

1.2. The aim, tasks and thesis of the Doctoral Thesis

The aim of the Doctoral Thesis is to investigate, which factors have
significant impact on productivity and costs of biofuel production, to evaluate
wood resources in forest stands, where thinning has been delayed, and to
elaborate proposals for mechanization of thinnings.

The following research tasks of the doctoral thesis were set:

1) To estimate the available wood resources in young stands, where
thinning has been delayed, and the technologically available wood
biofuel resources in such stands in Latvia.
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2) To investigate, which factors affect productivity of forest operations
and prime cost of wood biofuel production in thinning implemented
either mechanically or using a chainsaw.

3) To evaluate the impact of different mechanization solutions on the
profitability of wood biofuel production.

The following research hypothesis has been proposed in the study: in forest
stands, where pre-commercial thinning has been delayed, mechanized biofuel
production is feasible.

1.3. Scientific novelty and practical significance of the Doctoral
Thesis

Although wood biofuel, which can be obtained by means of mechanized
thinnings, is one of the sources of renewable energy in Latvia, the use of which
still has potential, production costs are relatively high and hinder the use of this
resource. In order to efficiently manage the biomass resources in young forest
stands, it is necessary to find the most suitable technologically and economically
viable harvesting solutions, which at the same time do not have adverse effect on
the growth of forest stands. At present, in Latvia, the calculation of felling costs
is not performed using a unified cost calculation model. Typically, production
cost calculations are performed by each service provider for each production
phase individually with limited knowledge about possible optimization solutions.

The results obtained in the research provide an insight into the technological
solutions and working methods of mechanized thinning in the forest areas, where
mainly wood biofuel can be obtained. The cost calculation model, which has
been supplemented and adapted for the calculation of costs in felling works
within the framework of the research, provides an opportunity to perform
economic evaluation of wood biofuel production, as well as allows to calculate
the total costs of the technological process of the logging.

Research in this direction provides a broader picture of which factors must
be considered more carefully and which must be given more attention to in order
to make wood biofuel’s harvesting during mechanized thinning even more
efficient from both a forestry and an economic point of view. Using the
production cost calculation model developed within the scope of the Doctoral
Thesis, the calculated values are comparable and evaluable in each of the cost
positions, which provides an opportunity to identify items that could be reduced
by changing or adapting the technology.

1.4. Approbation of research results

The research results have been published in six scientific articles and
presented in seven scientific conferences.
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1.5. Structure and volume of the Doctoral Thesis

The structure of the Thesis is formed in accordance with the research tasks
set in the Thesis paper. The paper consists of three chapters, the first of them
reflects the description of the problem in research conducted by other authors
and their conclusions; an insight into the availability of wood biofuel’s resources
in Latvia and the possibilities to use these resources; the history of the
organization of logging operations and the used technologies as well as the
possibilities of current mechanized logging; the current achievements in
performing mechanized thinning, as well as the factors influencing the
productivity of mechanized logging; the role of wood biofuel in the context of
renewable energy resources and the role of this resource in the national economy:.
The second chapter describes the methodology of determining theoretically,
technically and technologically available resources of wood biofuel; the research
objects are described, as well as the installation of sample plots and the
methodology of data collection; a description of the harvesters used in the
thinning, a description of the selected working methods and conditions, as well
as the methods of data collection during the trials and analysis of obtained data;
the model for calculating the costs of wood biofuel production. Within the
framework of the research the model for calculating the costs has been adapted
to the technological processes of logging in Latvia. In the third chapter, the
assessment of wood biofuel resources is performed; productivity indicators
obtained by mechanized thinning are evaluated and the factors which the most
significantly affect the productivity and costs are identified; an assessment of
wood biofuel production costs has been performed and recommendations for
extraction of biofuel are provided.

The volume of the dissertation is 72 pages; information is summarized in 23
tables and 24 figures, 95 literature sources were used, 7 conclusions were
formulated at the end of the work and 9 appendices were added.

2. MATERIALS AND METHODS

2.1. Determining the availability of wood biofuel resources

In the assessment of the theoretical, technical and technological availability
of resources, the data of National Forest Inventory 3™ cycle (2014 — 2019)
obtained in forest areas with 9 — 12 m high trees were used.

In this research, the theoretically available wood biofuel resources are treated
as the resources available in forest stands where the number of trees or basal area
after the harvesting of strip roads does not decrease below the minimum
threshold of number of trees or basal area according to national legislation.
Theoretically, this kind of wood biofuel resources is also available in nature
protection areas.
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When extracting the technically available wood biofuel resources from the
theoretically available resources, the further calculations do not include forest
areas where, based on the forest type, the extraction of trees during thinning is
not recommended, e.g. stand types Cladinoso-callunosa, Callunosa turf. mel.
and Callunosa mel., as well as from the technological point of view it is not easy
to implement wood biofuel extraction in forest stand types with wet organic soils,
specifically, Cladinoso-sphagnosa, Vaccinioso-sphagnosa. Protected nature
territories are also excluded from the calculation (Lazdins et al., 2012).

Technically available resources are a part of technologically available
biomass, separated from production losses (in average 30% for logging residues
and 5% for firewood, Adamovics et al., 2009). The wood biofuel resources that
can be extracted only when soil is frozen have been separately allocated (Lazdins
et al., 2012).

2.2. Description of research objects

In accordance with the goal of the research and the defined tasks, 10 forest
stands in state forests with a total area of 27.8 ha were selected for the collection
of empirical material. The trial objects are concentrated in Central part of Latvia
(Vidusdaugava region). The average tree height of the superior stand (9-12 m)
and stand density (number of trees > 2000 pieces ha') were used as stand
selection criteria. Three deciduous stands were selected for trials — silver birch
(Betula pendula Roth) and 7 coniferous stands — Norway spruce (Picea abies
(L.) H.Karst.) and Scots pine (Pinus sylvestris L.).

Empirical material for the research was collected in 2013 and 2014.

All selected stands have been cut down to the minimum number of trees or
basal areas by thinning “from below”, which involves cutting of the smallest and
non-viable trees outside the striproads.

The striproads are spacing at a distance of 15, 18, 20 or 30 m from each other.
“Ghost paths” are used for harvesting if the distance between striproads exceeds
20 m.

2.3. Description of the forest machinery used in the research

Within the framework of the research, mechanized thinnings was performed
using 3 different harvesters, the heads of which are additionally equipped with
stem accumulating device.

With a medium-sized harvester John Deere 1070 E (unladen weight 15.5 tons,
engine power 136 kW at 1900 rpm min."), equipped with H754 head (weight
820 kg, maximum stem diameter 55 cm, 5 moving knives, 1 fixed knife, 4 feed
rollers, maximum boom reach 10 m), work time records for 127 working hours
were obtained within the scope of the research.
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With a medium-sized harvester John Deere 1070 D (unladen weight
14.1 tons, engine power 136 kW at 1900 rpm min."!), equipped with a
Bracke C16.b head (weight 570 kg, maximum stem diameter 26 cm, maximum
boom reach 10 m), work time records for 66 working hours were obtained within
the scope of the research.

With a small-size harvester Rottne H8 (unladen weight 10.2 tons, engine
power 125 kW at 2000 rpm min.™!), equipped with EGS 406 head (weight 480 kg,
maximum stem diameter 33 cm, 2 moving knives, 2 feed rollers, maximum boom
reach 7 m), work time records for 262 working hours were obtained within the
scope of the study.

2.4. Description of working methods used in the research

Two working methods were used in the trials. Both methods consider leaving
of undergrowth trees, as long as they do not interfere with thinning. Also,
regardless of the choice of method, when sawing trees that are not intended for
the production of standard roundwood, the stem accumulating device is used to
the maximum. The term “partly delimbed stem wood” means wood biofuel (not
longer than 6 m) made from undelimbed tops, logging residues and undergrowth
trees with average diameter at breast height (DBH) < 6 cm.

The first of the used working methods envisages the production of all timber
assortments according to the product groups adopted by JSC “Latvia’s state
forests”. While working with this method, assortments of partly delimbed stem
wood (length from 2.5 to 3 m, minimum top diameter — 3 cm) were produced.

The second working method envisages the production of partly delimbed
stem wood biofuel from all felled trees, except for undergrowth trees with
DBH <4 cm.

2.5. Accounting of mehanized thinning work time and calculation
of productivity indicators

The chronometric timing method has been used to acquire data on the work
time use in thinning, which considers recording the use of direct work time and
is intended for logging of the duration and sequence of the basic elements of the
work process at their cyclic repetition. To determine the duration of work
elements, continuous timing was performed, which is suitable for the study of
work operation elements continuing for at least 10 seconds (Bludin$ & Rudze,
1979). During the time studies the engine time of the harvesters is adjusted to
record operating hours, stopping the timing when the engine is stopped and
resuming it as soon as the engine is restarted.

The work time consumption is determined for each work cycle separately.
When recording work time, additional information fields are filled in on the field
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computer, providing information on the diameter of the felled tree at the cutting
site (Do) using a Rottne H8 or DBH using both John Deere harvesters.
Information fields on the number of trees processed per work cycle were also
filled in, notes on interruptions in work, moving the machine to another strip road
were also made, as well as name or ID of an operator who performed thinning.

Productivity indicators were calculated from work time accounting data
separately for different stands, harvesters, working methods and operators. Stand
wise and single tree data are used in the productivity estimates.

The use of working day (shifts) includes all the work time looged during the
study when the engine is running. Productive work time is obtained by deducting
the inefficient work time from the total work time. The inefficient work time is
spent for repairs (provided that the engine of the harvester continues to run at the
time of recording the work time) and the time spent on activities not direct
associated with harvesting operation.

2.6. Calculation of wood biofuel production costs

For cost calculation, the model developed within the COST project FP0902
(Ackerman et al., 2014) was used, however, it was supplemented with standard
economic methods and adapted for cost calculation in felling works, as well as
for trading of produced materials, covering the whole technological process of
logging (Kalgja et al., 2018a).

In the calculation model, costs are distributed by their types or cost items per
unit of a product or service (Alsina et al., 2011). The calculation of production
costs includes both direct production costs that are directly related to the creation
of specific cost objects, cost process and activity, and general or indirect costs
that are not directly related to the production of the specific product, but are
conditionally related to the production process and are included in production
costs using the addition rate (Vitola & Soopa, 2002; Alsina et al., 2011). The
determination and distribution of indirect costs by calculation objects was
performed according to the volume of production or time period.

The production cost calculation uses empirical data obtained from long-term
observations (information provided by technical service providers and service
companies on technical maintenance costs) and published data which includes
machine cost analysis. Cost items include investment costs, personnel costs, and
operating or maintenance costs (Brinker et al., 2002; Alsina et al., 2011;
Ackerman et al., 2014).

In order to calculate the costs of the logging technological process as
accurately as possible and the cost model would be suitable for different
conditions, specific indicators such as machine productivity and factors
influencing it — average diameter of felled trees, number of felled trees, average
load size, number of equipment relocation per year, average delivery distance
and average driving speed were used in calculations.
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For the conversion of cubic meters (m?) to lose volume cubic meters (LV m?)
a coefficient of 2.5 is used in the calculations following to practical experience
in biomass terminals. The load size is determined by load weighing or calculated
on the basis of the dimensions of the loaded timber.

The production cost calculation model is intended for calculating hourly
(productive hours, operating hours and planned working hours) and unit costs for
each of the phases of the logging technological process.

3. RESULTS AND DISCUSION

3.1. Evaluation availability of wood biofuel resources

According to the National forest inventory (NFI) 3 cycle (2014 —2019) data,
forest areas with tree height of 9 — 12 m occupy 7% of all forests (234 thous. ha
with a total stem volume of 15 524 thous. m?). Most or 63% (149 thous. ha) of
such forest stands are located in the forests owned by private companies, persons
and municipalities.

Calculations show that the theoretically available wood biofuel resources in
thinnings concentrated in forest areas, where the number of trees or basal area
does not decrease below the minimum threshold after strip roads are harvested,
amount to 7054 thous. m* of stem wood (4091 thous. tonssy above-ground
biomass, of which only 27% is located in state forests (1927 thous. m? of stem
wood or 1109 thous. tonsg¢y above-ground biomass). In other forests the
theoretically available stock is 5127 thous. m? of stem wood or 2982 thous. tary
above-ground biomass.

The total theoretical distribution of theoretically available tree above-ground
biomass by forest stand types according to NFI 3™ cycle data is shown in Figure
3.1. Most (59%) of the total theoretically available above-ground tree biomass is
located on dry mineral soils (Vacciniosa, Myrtillosa, Hylocomiosa, Oxalidosa
and Aegopodiosa), including 30% in state forests. In poor mineral soils
Cladinoso-callunosa, where 4% of the theoretically available wood biofuel
resources are located mainly in state forests, the extraction in thinning is not
recommended due to risk of significant reduction of the stock of organic matter
(Skudra & Dreimanis, 1993). In private and municipal forests, growing stock
available for extraction in delayed thinning in the Cladinoso-callunosa and
Vacciniosa forest types is negligible.

In forest types with organic soils (Sphagnosa, Caricoso-phragmitosa and
Dryopterioso-caricosa) 16% of the theoretically available resources are located.
These figures differ by ownership - in the state forests 28% of the theoretically
available wood biofuel resources are located in forests with organic soils and
only 11% in forests of other owners. Although the proportion of resources
concentrated in these forest types is relatively high, the conditions are not
suitable for mechanized thinning due to potentially low soil bearing capacity
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(Salins, 1987; Liepa et al., 2014). In forest types with drained mineral soils
(Vacciniosa mel., Myrtillosa mel. and Mercurialiosa mel.) 14% of the total
theoretically available wood biofuel resources ar located. This share is bigger in
state forests (18%) and smaller in other forests (12%). In nutrient poor Vacciniosa
mel. the resources are available only in the state forests. From the point of view
of soil bearing capacity, mechanized thinning can be done both in summer and
in winter (Salin$ et al., 1987; Liepa et al., 2014). Theoretically available wood
biofuel resources located in forests with wet mineral soils (Myrtilloso-
sphagnosa, Vaccinioso-sphagnosa and Myrtillosa-polytrichosa) are 6% of the
total. This figure is much higher in state forests (16%) and only 2% in other
forests. No theoretically available wood biofuel resources are found in forests
with nutrient poor wet mineral soil (Cladinoso-sphagnosa) and the richest forests
with wet mineral soil (Dryopteriosa). From the point of view of soil bearing
capacity, mechanized thinning in forests with wet mineral soils is possible in all
seasons (Salin$ & Rasnacis, 1985; Salins, 1987; Liepa et al., 2014), however,
forests can be significantly affected by changes in climatic conditions, thus
making wood biofuel collection technologically difficult and highly risky from
silvicultural point of view due to ruts formation. The share of theoretically
available biofuel resources in forest types with drained organic soils (Callunosa
turf. mel., Vacciniosa turf. mel., Myrtillosa truf. mel. and Oxalidosa turf. mel.) are
relatively small (5%) of the total. No significant difference is found between state
(8% of the total) and other (5%) forests. Nutrient poor drained organic soils
(forest type Callunosa turf. mel.) holding 1% of the total theoretically available
resources, is not suitable for wood biofuel production. In forest types on drained
organic soils mechanized biofuel extraction in thinning is possible only in winter,
during the frost period (Salins et al., 1987; Liepa et al., 2014). In the most cases
distribution of resources follows to proportion of distribution of the forest types.

Previous studies show that the average extractable stock of stem-wood in
forest areas with 9 — 12 m high trees is 30 — 50 m® (Lazdins$ et al., 2013).
According to the calculations, the higher average volume of stem wood (by
cutting down trees in forest areas up to the minimum threshold of number of trees
or basal area) in state forests is smaller (20 m? ha™') than in other forests
(30 m® ha™!). The largest average volume of extractable stock of stem-wood
(31 m® ha™!) is characteristic in forest types with organic soils, in state forests it
is 31 m® ha™' and depending on the forest type varies from 42 m? ha™ in
Dryopterioso-caricosa to 20 m3 ha™! in Sphagnosa. In other forest types with
organic soils, the average stock is 31 m? ha™!, or from an average of 14 m® ha™
in Sphagnosa to 43 m® ha™! in Caricoso-phragmitosa. Also, a relatively large
average extractable stock of stem-wood (26 m* ha™!) is characteristic for stand
with dry mineral soils. In state forests it is 17 m?® ha™!, or from an average of
9 m? ha'! in Adegopodiosa to 30 m® ha™! in Cladinoso-callunosa. In turn, in other
forest areas on dry mineral soils, the average felling stock is 31 m® ha™!, or from
an average of 25 m® ha™! in Myrtillosa to 35 m® ha™! in Oxalidosa. In forest types
with wet mineral soils, the average extractable stock of stem wood is 20 m* ha™!,
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and in state forests it is on average 18 m? ha™!, or from an average of 8 m® ha™! in
Dryopteriosa to 30 m® ha'! in Vaccinioso-sphagnosa. In other forests with wet
mineral soils, the average stem wood volume to be harvested is 29 m* ha™, from
an average of 13 m’® ha™' in Myrtillosa-polytrichosa to 50 m® ha! in
Dryopteriosa. In forest types on drained mineral soils, the average stem wood
stock to be felled is 19 m® ha™'. In the state forests they are on average 20 m> ha™!,
or from an average of 8 m> ha™! in the arena of Vacciniosa mel. to 28 m* ha™! in
the arena of Mercurialiosa mel.. In other forests on drained mineral soils, the
average extractable stock of stem-wood is 25 m® ha™!, from an average of
22 m?® ha ! in Myrtillosa mel. to 28 m* ha™! in Callunosa mel.. According to the
calculations, the smallest average extractable stock of stem-wood (16 m® ha™') is
observed in forest types on wet organic soils (Sphagnosa, Caricoso-phragmitosa
and Dryopterioso-caricosa). In state forests on wet organic soils they are
19 m® ha™!, from 8 m® ha™ in Vacciniosa turf. mel. to 26 m* ha™' in Oxalidosa
turf- mel.. In other forests with organic soils, the average stock to be felled is
20 m* ha™!, or from 7 m® ha™ in Oxalidosa turf- mel. to 50 m® ha™' in Vacciniosa
turf- mel..

Analyzing the theoretically available stem wood volume resources in forest
areas with average tree height of 9 — 12 m, depending on the dominant tree
species, it must be concluded that in state forests the majority (69%) of resources
are located in coniferous stands —respectively, 45% in pine stands and in 24%
spruce stands. Deciduous stands contain 31% of the resources. In other forests,
the theoretically available stem wood resources are concentrated mainly in
deciduous tree stands (87%), mostly in forest areas where the dominant species
is white alder (38%). Coniferous stands in other forests account for 13% of the
theoretically available resource potential.

The assessment of technically available wood biofuel resources shows that in
forest areas with the average tree height of 9 — 12 m 757 thous. tons of logging
residues and 886 thous. m® of firewood are technically available for mechanized
thinning. State forests holds 20% of technically available resources, but the most
of the resources are concentrated in other forests (605 thous. tons of logging
residues and 715 thous. m? of firewood).

The evaluation of technologically available resources shows that
530 thous. tons of logging residues and 798 thous. m?® of firewood, or a total of
4588 thous. MWh of primary energy is available for mechanised thinning. Only
19% of technologically available wood biofuel resources are concentrated in
state forests. Most or 3686 thous. MWh technologically available primary energy
resources are concentrated in other forest areas. 27% of the total technologically
available resources can be extracted in winter and less than half (38%) of the
resources accessible only in winter are located in the state forest.

Assuming that these resources are extracted within 5 years, the average
amount of primary energy accessible every year is 180 thous. MWh in
state-owned and 737 thous. MWh in other forests, excluding potential increase
of stock in areas suitable for wood biofuel production.
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3.2. Productivity indicators of mechanized thinning

3.2.1. Characteristics of prepared timber

When using John Deere 1070 E with H754 felling head in mechanized
thinning, the proportion of felled trees with a stem volume not exceeding 0.1 m?
is 94%. When working with Rottne H8 with EGS 406 felling head and
John Deere 1070 D with Bracke C.16 felling head, the proportion of felled trees
with stem volume not exceeding 0.1 m* is 82.7% and 99.8% of the total number
of felled trees, respectively. Comparing the data obtained in thinning using
chainsaws, it was concluded that in stands with an average tree height of 9-12 m,
the stem volume of most or 94.4% of the felled trees does not exceed 0.1 m?
(Figure 3.2.). This finding is in line with conclusions of earlier studies about
considerable proportion of undergrowth trees in stands that have not been
systematically maintained and about negative effect of the undergrowth trees on
the productivity of harvesters (Lazdans et al., 2006).

Indicators characterizing the dimensions of trees felled in thinning and the
extracted stock is given in Table 3.1. In total 16.7 thous. trees were felled with a
John Deere 1070 E harvester resulting in 591 m? of timber extracted. The average
height of the felled tree was 12.3 m, but the DBH = 8.8 cm (average stem volume
0.04 m®). Within the scope of the Rottne HS trials 17.9 thous. trees were felled
resulting in 1089 m® of timber extracted, the average height of the felled tree was
11.4 m, but the DBH = 10.2 cm (average stem volume 0.07 m?). In the areas
where the John Deere 1070 D harvester with Bracke C.16 was used,
13.4 thous. trees were felled resulting in 86 m? of biomass. The average height
of the felled trees was 8.0 m, but the DBH =4.3 cm (average stem volume
0.01 m?). In thinning with a John Deere 1070 D with Bracke C.16 felling head,
the number of the felled trees is relatively large, however, the amount of biomass
produced is relatively small. The situation could be explained by the fact that a
relatively large proportion of the felled trees (Figure 3.2) are undergrowth and
small trees, which according to the terms of reference were not intended to be
sawn, unless they interfere with the execution of works. Working with
Bracke C.16 this requirement is not easy to fulfil.

Visualizing the extracted volume by the stem volume groups, it was found
that most of the volume prepared timber (from 67.6% with Rottne H8 to 95.3%
with John Deere 1070 D) is produced from trees with a stem volume not
exceeding 0.15 m®. A similar situation was observed in trials with chainsaw
(Kalgjaetal., 2015), when stem volume of 98.3% of sawn trees did not exceeding
0.15 m3.
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3.2.2. Average productivity of harvesters

In total duration of time studies during the research corresponded to 456
operating hours.

In average 158 trees were processed in the productive hour using
John Deere 1070 E resulting in 5.6 m?® of timber extracted. The average
productivity per productive hour (excluding the time spent entering and leaving
the stand) is 5.8 m® (average volume of the processed tree 0.03 m®). The average
productive work time of the total work time (duration of shift) is 83.5%, while
4.6% of the productive work time is spent to enter and to leave the stand.

When working with the Rottne HS harvester, 81 trees were processed in an
average per productive hour producing of 5.0 m* of timber. The average achieved
productivity is 5.3 m® E;s h™! (average volume of the felled stem 0.06 m?),
excluding the time spent entering and leaving the stand. The average productive
work time of the total work time is 83.7%, including 6.1% of the productive work
time entering and leaving the stand. According to the results, the share of
productive work time in total work time is relatively high and is higher than
found (81.6%) in similar studies in mechanized thinnings (Sirén, 2003).

With the John Deere 1070 D harvester 271 trees were processed in an average
productive hour resulting in productivity of 1.7 m* Eis h' of wood biofuel. The
average achieved productivity is 1.8 m® E;s h™! (average volume of felled tree
0.01 m®), if the time spent entering and leaving the stand is excluded from
calculation. The average share of productive work time of the total work time is
75.2%, including 3.4% of the productive work time spent for entering and
leaving the stand. Although the number of trees processed per productive hour is
relatively high, productivity was significantly affected by the small dimensions
of the felled trees, which is in line with the findings of similar studies (Sirén,
2003). Also, operators did not fully follow the methodological instructions by
cutting trees with the DBH < 3 cm, even if they do not interfere with the
harvesting operations (Table 3.2.).

Comparing the average productivity indicators of different harvesters used in
the trials, depending on the volume of the felled stem, is provided in Fig. 3.3.
The best results were achieved with John Deere 1070 E equipped with H 754
felling head, followed by John Deere 1070 D with Bracke C16.b head and Rottne
H8 with EGS 405 felling head. Significant differences (p < 0.05) were found
when comparing productivity of John Deere 1070 E and Rottne H8 harvesters.
Although comparative studies using a chainsaw did not take place in the research
trials, data obtained in other stands with similar tree dimensions were used to
compare productivity (Kalgja et al., 2015). Overall, chainsaw productivity is
significantly lower (p <0.05 compared to John Deere 1070 E, John Deere 1070
D and Rottne H8). As the volume of the felled stem increases, the productivity
increases, however, when certain tree dimensions are reached (for
John Deere 1070 E — 0.33 m’, for Rottne H8 — 032 m’ and for
John Deere 1070 D — 0.16 m?), productivity remains at the same level.
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The regression function can explain 91.5% (John Deere 1070 E), 81.9%
(Rottne H8) and 80.4% (John Deere 1070 D) of the changes in the productivity
depending from dimensions of extracted trees. When using a chainsaw, 50.3% of
the changes in productivity can be explained by the regression function. When
assessing the significance of the regression equation, the p-value of the F-test is
less than 0.05 in all cases, which means that the regression equations statistically
significantly explain the changes in the productivity, depending on the DBH or
volume of the processed trees. The coefficients of the regression equations
characterizing the performance of the machines and a chainsaw used in thinning
are given in Table 3.3.

Comparing the proportion of work time elements in the productive time per
1 m?, it was found that delimbing/cross-cutting and boom-out are the most time
consuming operations, respectively, from 20.6% with John Deere 1070 E to
31.6% with Rottne H8 and from 12.8 % with Rottne H8 to 33.6% with
John Deere 1070 E. The least time consuming work element is transferring of
tops and branches to another location, e.g. strip road (from 0.1% with
John Deere 1070 E to 1.6% with Rottne HS). This is explained by good work
conditions. The next the least time consuming operation is felling (from 3% with
Rottne H8 to 8.1% with John Deere 1070 E). The time spent entering, moving in
the stand and leaving the stand is calculated as the average value for each of the
harvesters used in the thinning. These indicators are greatly influenced by the
stand shape and size. The productive time spent entering and leaving the stand
ranged from 1.3% for John Deere 1070 E to 2.2% for Rottne H8 and from 2.1%
for John Deere 1070 E to 3.9% for Rottne HS.

3.2.3. Influence of the working method on productivity indicators

Two working methods were compared in the thinning. The first working
method envisages the production of the assortments specified in the standard
work order by JSC “Latvia’s state forests” and production of wood biofuel from
tree tops and stems, which are not suitable for the production of other roundwood
assortments. The working method also envisages the maximum use of stem
accumulating device in the production of wood biofuel. The second work method
envisages the production of wood biofuel (partly delimbed stem wood) from all
felled trees ensuring maximum use of stem accumulating device. Harvester with
Bracke C.16 felling head produces undelimbed biomass. Crosscutting is done if
extracted stems are longer than 6 m.

While working with the first working method (John Deere 1070 E and Rottne
HS harvesters), 1176 m? of timber was extracted (17 724 work cycles), and with
the second method (John Deere 1070 E and John Deere 1070 D harvesters) —
119 m? of timber was extracted (3138 work cycles). Higher average productivity
was achieved using 2" working method. A comparison of forest
machine-specific indicators between the working methods used is presented in
Table 3.4.
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Comparing the average productivity in the group of the respective stem
volume, using the 1% working method during thinning, better result was achieved
using John Deere 1070 E harvester with standard felling head. The difference is
statistically significant (p = <0.05). Significantly higher average productivity
values were achieved both when processing small dimensional trees (Rottne H8
reported 33% lower productivity compared to John Deere 1070 E in the group of
wood volume > 0.01 m?) and bigger (in the group of wood volume 0.06 —0.07 m?
the productivity of the Rottne H8 is 29% lower than that of the John Deere 1070
E). When the volume of the stem reaches 0.45 m?3, the productivity of
John Deere 1070 E harvester stops increasing (Fig. 3.4.).

The regression equation can explain 90.3% (John Deere 1070 E) and 62.6%
(Rottne H8) of the changes in productivity using 1% working method in thinning.
The assessment of the significance of the regression equation shows that the
p-value of the F-test is less than 0.05 in all cases, which means that the regression
equations statistically significantly explain the changes in the productivity. The
results of the regression analysis of the productivity of 1% working method for
each of the harvesters is given in Table 3.5.

Comparing the average productivity indicators in the respective stem volume
group, using 2" working method in thinning, better productivity was achieved
using John Deere 1070 E harvester with standard felling head, moreover, the
difference is statistically significant (p <0.05, Fig. 3.5.). John Deere 1070 E
harvester shows significantly higher average productivity, both for small trees (if
the stem volume is <0.01 m?, the productivity of John Deere 1070 D with
Bracke C.16 felling head is by 29% lower than that of John Deere 1070 E) and
bigger (if the average volume of a stem is 0.26 m?, the productivity of
John Deere 1070 D is by 47% lower than of John Deere 1070 E). The relatively
small average volume of processed stem (only 0.01 m®) is one of the main factors
influencing the productivity of John Deere 1070 D — despite the operators' active
use of the stem accumulation mechanism (on average 5.2 trees treated in a work
cycle), the average productivity is relatively low. When the stem volume reaches
0.6 m?, productivity of John Deere 1070 E also stops to increase.

The regression equation can explain 96.1% (John Deere 1070 E) and 80.4%
(John Deere 1070 D) of the changes in productivity using 2"¢ working method in
thinning. The assessment of the significance of the regression equation shows
that the p-value of the F-test is less than 0.05 in all cases, which means that the
regression equations statistically significantly explain the changes in the
productivity. The results of the regression analysis of the productivity of 2™
working method for each of the harvesters is given in Table 3.6.

3.2.4. Influence of harvester operator on productivity indicators

Similar studies have concluded that operators' work habits have a significant
impact on forest machine productivity (Kérha et al., 2004), so the performance
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of operators using different working methods has been taken into account when
analyzing the impact of working methods on the productivity.

Work with John Deere 1070 E harvester using 1% working method, which
involves the production of standard assortments and partly delimbed stem wood
assortment, using to a maximum stem accumulating device, was performed by
two operators (hereinafter A and B). Rottne HS harvester, on the other hand, was
operated by four operators (hereinafter — C, D, E and F).

The average productivity of John Deere 1070 E harvester acquired by both
operators is similar, however, when analyzing the changes in average
productivity in different stem volume groups (Fig. 3.6) statistically significant
(p = <0.05) differences are observed, when processing trees with a volume of
more than 0.1 m? the average productivity reported by operator A are
significantly better. The average productivity reported by different operators of
Rottne H8 harvester also differed statistically significantly (p = <0.05) in
different stem volume groups and the average productivity, depending on the
operator, ranged from 4.2 m? (average stem volume 0.06 m®) for operator C to
6.8 m? the volume of the felled stem 0.08 m®) for operator E (Table 3.7.).

The differences in the productivity can be explained by a different approach
to the choice of trees to be processed, which affects the time of felling and
delimbing, as well as the efficiency of the use of work time. The operator who
has demonstrated the worst productivity indicators also has the lowest share of
productive time in total work time (80.7%). Using the equation to calculate
productivity at different volumes of processed trees (from 0.01 to 0.10 m?), the
productivity of operators increases from 1.3 to 6.2 m?® E;s h™! for operator C; from
1.1t0 6.9 m? E;s h™! for operator D; from 1.4 to 9.0 m3 Eys h™! for operator E and
from 1.5 to 7.3 m® E;s h™! for operator F (Fig. 3.6.).

The regression equation can explain 94.6% of John Deere 1070 E, operator
A; 86.1% John Deere 1070 E, operator B; 79.3% Rottne H8, operator C; 46.9%
Rottne HS8, operator D; 65.7% Rottne HS, operator E; and 65.7% Rottne HS,
operator F, changes in productivity depending from dimensions of processed
trees when using working method 1 in mechanized thinning. The assessment of
the significance of the regression equation shows that the p-value of the F-test is
less than 0.05 in all cases, which means that the regression equations statistically
significantly explain the changes in the productivity. The results of the regression
analysis of the average productivity indicators typical for operators can be seen
in Table 3.8.

Using 2™ working method, which envisages the production of only wood
biofuel in the mechanized thinning, the work was performed by two
John Deere 1070 E operators (A and B) and one John Deere 1070 D operator
(G). The best average productivity (4.5 m3 Eis h™! at an average stem volume of
0.05 m®) was shown by John Deere 1070 E operator B (Table 3.9.).

Although the average productivity for the operators differed when comparing
the productivity achieved when processing stems of different volumes (Fig. 3.7.),
no statistically significant differences were found between operators (p > 0.05).
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Using the equation to calculate productivity rates at different stem volumes (from
0.01 to 0.10 m®), the productivity rates reported by operators increase from 1.7
to 7.8 m? Eis h™! John Deere 1070 E, Operator A; from 2.1 to 13.8 m® E;s h™!
John Deere 1070 E, operator B; from 1.9 to 10.9 m?® E;s h™! John Deere 1070 D,
operator G.

The regression equation can explain 65.9% of John Deere 1070 E, operator
A; 96.4% John Deere 1070 E, Operator B; and 80.4% of John Deere 1070 D,
Operator G, changes in productivity when working with 2" working method.
The assessment of the significance of the regression equation shows that the
p-value of the F-test is less than 0.05 in all cases, which means that the regression
equations statistically significantly explain the changes in the average
productivity. Operator-specific results of regression analysis of average
productivity are provided in Table 3.10.

When using 1% working method, the productivity achieved by
John Deere 1070 E harvester varies from 1.2% (stem volume 0.05 m®) to 38%
(stem volume 0.07 m®) for the operators involved in the tests, depending on the
volume of the processed trees.

Using 2" working method, the productivity achieved by John Deere 1070 E
harvester operators varies from 0.4% (stem volume 0.04 m®) to 59% (stem
volume 0.02 m®), depending on the volume of the logs cut.

3.3. Economic efficiency of mechanized thinning

One of the main factors influencing the choice of a harvester for mechanized
thinning in forest areas with 9 — 12 m high trees is labour costs. The issue of
increasing the productivity and economic profitability of harvesters is still
relevant for service buyers, as well as for service providers. Previous research
has shown that the use of technology allows to increase productivity by at least
16% (Bergstrom, 2009; Bergstrom et al., 2010; Lazdins, 2012), thus improving
the economic benefits of mechanized thinning and wood biofuel production.

Thinning mainly produces stem wood suitable for the production of wood
biofuel (the volume of the most of stems is from 0.01 to 0.10 m?), therefore it is
important to find a balance between the costs of timber production and the market
price at which the produced timber can be sold. In the analysis of the costs of
mechanized timber preparation, the average productivity indicators obtained in
the trials were used and the cost of productive hours for each of the used
harvesters was calculated. For both medium-sized harvesters, the average
productive hourly cost is calculated to be 49 EUR, while the cost-effective hourly
cost for a small-sized harvester is 46 EUR, i.e. 6% smaller. Hourly labour costs
are significantly affected by assumptions about operators' remuneration, the
technical readiness and efficiency of machinery, which can double the estimated
hourly labour costs. The obtained results show that the timber preparation costs

55



of medium-sized harvester John Deere 1070 E are lower than with the other two
harvesters used (Fig. 3.8.).

Researchers from different countries have carried out productivity studies in
order to develop the most accurate possible models for calculating timber
production costs, which allow predicting expected and actual production costs.
To calculate the costs of wood biofuel production, the supplemented and adapted
cost calculation base model developed within the activity of COST project
FP0902 is used, which envisages cost calculation both for individual logging
operations and system costs of the logging (Kalgja et al., 2018b).

In timber preparation, the costs of all tested harvesters were compared with
the costs and productivity values specific to each machine. Timber production
costs consist of three groups of cost items and projected profit. Labour costs
account for the largest share of the total annual cost and range from 37%
(John Deere 1070 E) to 41% (Rottne HS). Investment costs are the second largest
cost item and range from 29% (Rottne HS) to 34% (John Deere 1070 D),
depending on the harvester used. Total operating costs range from 21%
(Rottne H8) to 25% (John Deere 1070 E and John Deere 1070 D), respectively.

Using medium-sized harvesters John Deere 1070 E and John Deere 1070 D
in logging operations, at the achieved average productivity of each machine, it is
possible to prepare during the year (2880 productive hours), respectively
14 thous. m® of timber and 6 thous. LV m? of wood biofuel, working with
John Deere 1070 E, and 5 thous. m? of timber and 1 thous. LV m? of wood biofuel
when working with John Deere 1070 D. The small-sized harvester Rottne H8
prepares 15 thous. m? of timber and 6 thous. LV m® of wood biofuel per year
(average achieved productivity 5 m3 E;s h™!; 2880 productive hours). Average
timber preparation costs are significantly affected by machine productivity
(Table 3.11). The lowest timber production costs were achieved using
John Deere 1070 E harvester (average productivity 5.6 m® Eis h™'). With
Rottne H8 harvester, the average timber production costs are 11% (average
capacity 5 m® E;s h™!) higher than with John Deere 1070 E harvester with H 754
felling head. On the other hand, the average productivity of John Deere 1070 D
(1.7m* Eis h™!) has had a significant impact on timber production costs,
compared to John Deere 1070 E — they have increased by 72%. A comparison of
timber preparation costs for harvesters used in thinnings is shown in Table 3.11.

The smaller average productive hourly labour costs for timber preparation
were calculated for John Deere 1070 E and Rottne H8 (46 EUR E;s h!) in
thinning, while the John Deere 1070 D harvester had higher average hourly
labour costs (49 EUR E;s h™!). With a 10% reduction in harvester work load
(productive hours) per year, the average productive hour cost of Rottne H8
harvester increases by 3 EUR E;s h™! and for John Deere 1070 D and John
Deere 1070 E harvesters —by 4 EUR E;s h!.

When comparing the costs of different harvesters and technological
processes, it is useful to make a comparison in relative terms, because wages and
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planned technical availability and workload can have a significant impact on
hourly labor costs and the whole comparison results.

The total costs of wood biofuel production include not only the costs of
production, but also the costs of forwarding, comminution and delivery, or the
technological process of logging. The calculations use average values obtained
in earlier studies, which characterize investment, labour and operating costs, as
well as average productivity. It is possible to choose two delivery scenarios in
the supply of wood biofuel to the final consumer. It is assessed in the scenario
evaluation that the average DBH = 8 cm for all harvesters. The first of the
scenarios involves the supply of partly delimbed logs to the consumer. In this
scenario, the costs of timber production, delivery and removal ranges from
8.1 EUR LV m? (John Deere 1070 E) to 10.5 EUR LV m™ (Rottne HS, Figure
3.9).

In the 2" scenario, the wood biofuel is shredded at the roadside and delivered
to a consumer in the form of wood chips. The costs of production, forwarding,
chipping and delivery of produced chips ranges from 7.9 EUR LV m?
(John Deere 1070 E) to 11.0 EUR LV m™ (Rottne HS, Fig. 3.10.).

Previous studies show that the scenario of delivery of partly delimbed logs is
one of the possibilities to deliver the prepared timber to a consumer (Kalgja et
al., 2014). The calculations made in the thesis show that by choosing the scenario
of delivery of partly delimbed stem wood, the costs of the wood biofuel delivery
can be reduced from 2% (John Deere 1070 E) to 5% (Rottne H8). Although the
obtained results show that in certain conditions the use of the partly delimbed
stem wood supply scenario would reduce the costs of logging, in Latvia this
approach is not used in practice and similar studies show that small capacity of
roundwood trucks makes their use less economically efficient (Kalgja et al.,
2014). Production of wood biofuel using John Deere 1070 D in the wood chips
supply scenario reduces the costs of the logging process by 2% compared to the
whole tree supply scenario. The wood chips supply scenario has also been
recognized as the most cost-effective in similar studies (Kalgja et al., 2014) and
in this approach is also used in practice.

The results of the research confirm the hypothesis of the study about the
profitability of wood biofuel production by choosing the appropriate technique.
John Deere 1070 E harvester with a standard felling head equipped with
additional grippers demonstrated relatively the smallest timber and wood biofuel
production costs, regardless of the working method applied (average timber
preparation costs 7.6 EUR m; average extracted tree height 12.3 m,
Di3= 8.8 cm, average stem volume 0.04 m?). At the same time, the use of
standard equipment theoretically allows to increase the efficiency of the use of
equipment and reduce the costs of relocation of equipment, performing logging
in thinnings and regenerative felling of small trees, e.g. grey alder stands.

The use of John Deere 1070 D harvester with a Bracke C.16 head proved to
be a relatively inefficient solution (average biomass production costs
26.8 EUR m™), but the efficiency of this unit was significantly affected by
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significantly smaller dimensions of the felled trees (average felled tree height
8 m; D13=4.3 cm; average stem volume 0.01 m?) at the same stand parameters,
which in turn comes from the working method. When working with a
medium- sized harvester equipped with a Bracke C.16 felling head also have to
be extracted resulting in an increased work time consumption during harvesting
and forwarding of biomass. The efficiency of the Bracke C.16 head can be
significantly increased by changing the working method using one of the
symmetrical working methods and avoiding the extraction of the smallest trees
and shrubs.

CONCLUSIONS

1. According to the data of the 3™ cycle of the National Forest Inventory
(2014 — 2019), forest stands with an average tree height of 9 — 12 m
occupy 7% of the total forest area in Latvia. Most, or 63%, of such forest
areas are in the forests of owned by companies, private persons and
municipalities. The theoretically available wood biofuel resources in
these forests are 7054 thous. m® (above-ground biomass
4091 thous. tonsey matter), of which only 27% or 1927 thous. m?
(above-ground biomass 1109 thous. tonsg4y matter) are in state forests,
but in other forests theoretically 5127 thous. m? (above-ground biomass
2982 thous. tonsgry matter) are available.

2. Technologically available resources in the respective forest areas
correspond to 530 thous. tons of logging residues and 798 thous. m® of
firewood, or a total of 4588 thous. MWh of primary energy and only
19% of resources are concentrated in state forests. This type of resource
has little economic importance, but mechanized thinning in poorly
managed forest stands can contribute to the increase of the value of
forest stands in the future.

3. In mechanized thinning, the highest productivity can be achieved by
using a working method that envisages production of partly delimbed
stems from all extracted trees. Significantly (p = 0.01 < 0.05) better
performance in the trials was achieved using a medium-sized harvester
John Deere 1070 E with an H 754 felling head, i. e. the most common
medium-sized logging solution in thinning in Latvia.

4. The total annual cost of a small-sized harvester (Rottne H8 with
EGS 405 head) is up to 16% lower than that of a medium-sized
harvester (John Deere 1070 E with H 754 head) and is largely
influenced by relatively lower investment costs. However, when using
a John Deere 1070 E harvester for thinning, the average cost of
production of wood biofuel is 15% lower due to better productivity.

5. The medium-sized harvester John Deere 1070 E with H 754 head
ensured relatively lower wood biofuel production costs, regardless of
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the working method used. The use of a John Deere 1070 D harvester
with a Bracke C.16 head proved to be a relatively inefficient solution,
but the efficiency of this machine was significantly affected by large
proportion of small dimension trees and bushes felled, which, in turn,
was a result of the working method applied. Efficiency can be
significantly increased by using one of the symmetrical maintenance
methods and by avoiding cutting the smallest trees and shrubs.

The work load of harvesters (number of productive hours) per year
significantly affects the average cost of a productive hour. By reducing
machine load by 10%, the cost of productive hour of Rottne HS8
harvester increases by 6% and by 7 — 8% - of the John Deere 1070 D
and John Deere 1070 E harvesters. At the same time, the use of standard
equipment allows to increase the efficiency of the harvesters’ use,
reduce the costs of relocation of machines and increase diversity of
economic activities.

Although the results of the study proves that in certain circumstances
the supply of partly delimbed stem wood would allow to reduce the
prime cost of harvesting and delivery of biomass by 2% using
John Deere 1070 E and by 5% using Rottne HS, in Latvia this scenario
is not used in practice due to other circumstances. Wood biofuel is
mainly supplied to the final consumer using a wood chips supply
scenario, which has been recognized in the study as an economically
viable solution in wood biofuel targeted thinning.
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