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1. DARBA VISPARIGAIS RAKSTUROJUMS
1.1. Témas aktualitate

Energétikas sektors cie$i mijiedarbojas ar citiem sektoriem, taja skaita
mezsaimniecibu, UN energoresursu cena var biitiski ietekm&t kopgjo valsts
ekonomisko izaugsmi. Politiska Iimeni ir svariga bioenerggtikas prioritates
noteikS$ana (Pavluts, 2013), tadgjadi palielinot atjaunojamo energoresursu (AER)
pasnodros§indgjumu. Lielako dalu no elektroenergijas razoSanai patérétas
dabasgazes iesp&jams aizstat ar AER, tostarp koksni. Koksnes izmanto$anai
energétika ir priekSrocibas — ta ir viet§jas izcelsmes atjaunojams produkts.
Kurinamas koksnes Tpatsvars kop&ja energoresursu patérina Latvija ir 31%. So
resursu izmantoSanai Latvija v€rojams stabils piecaugums no 46 tikst. TJ
2008. gada Iidz 59.5 tukst. TJ 2017. gada.

Nepietiekosi pétita ir celmu koksnes razoSanas energoefektivitate, t.i.
energijas daudzums, kas japatere, lai $o maz apgiito izejmaterialu var&tu izmantot
energijas ieguvei. Pakalpojuma potencialajiem sniedz&jiem, meZizstradatajiem,
ka arT politikas veidotajiem un nevalstiskajam organizacijam, kas iesaistfjusas
dazadas biokurinama ilgtsp&jas sertificéSanas she€mas, ir nepiecieSams apzinat
iekartu specifiskos parametrus un izstrades tehnologiju raksturojumu, lai resursa
ieguvi veiktu maksimali efektivi un sniegtu visiem interesentiem objektivu
informaciju par dazadiem celmu biokurinama ieguves aspektiem.

2011. gada pétijuma ietvaros izstradats celmu rausanas-pléSanas kauss
MCR 500, ar kura palidzibu vienlaikus var veikt celmu rausanu-plésanu, ka ari
augsnes sagatavosanu ar pacilu veidos$anas vai skarificésanas metodi, tad&jadi
veicinot mérktiecigu meza atjauno$anu stadot vai sgjot.

1.2. Promocijas darba mérkis, uzdevumi

Promocijas darba mérkis. Izstradat pamatojumu tehnologijai, kas lauj skuju
koku izcirtumos sagatavot un nogadat Iidz nokrauSanas laukumiem celmu
biokurinamo ar minimalu kopgja tehnologiska procesa izmantoto energijas
daudzumu. Atbilstosi pétijuma mérkim izvirziti etri p&tnieciskie uzdevumi:

1. potencialo celmu koksnes resursu novertgjums skuju koku izcirtumos;

2. tehnisko prasibu pamatojums celmu ravéja efektivu darbu nodrosinosas

tehnologiska mezgla konstrukcijas izveidei;

3. celmu izstrades energobilances uzlaboSanas iesp&ju analize, apvienojot

celmu izstradi un augsnes sagatavoSanu pirms meza atjaunosanas;

4. energijas pat€rinu samazino$as tehnologijas izstrade celmu biokurinama

sagatavoSanai un pievesanai I1dz nokrausanas laukumiem.

Promocijas darba téze. Atjaunojamo koksnes energoresursu palielinasanai ir
efektivi izmantot celmu koksni, jo visa tehnologiska procesa energobilance ir
pozitiva.




1.3. Darba zinatniska novitate un praktiska nozime

Novitate.

Promocijas darba ietvaros izstradats celmu rauSanas-plésanas tehnologiskais
risinajums, kur§ ietver iekartas projektéSanu un izgatavoSanu, aprobaciju un
darba metodes izstradasanu celmu pléSana. Pirmoreiz Latvija izstradata un
patentéta celmu rauSanas-pléSanas iekarta un veikta tehnologiska procesa
energoefektivitates izvertésana.

1.4. Zinatniska darba aprobacija

Publikacijas zinatniskos zurnalos un konferencu rakstu krajumos

1.

Zimelis, A., Ariko, S., Saveljevs, A. (2018). HccrnenoBaue BIUSHUS
pa3IuIHBIX (PAKTOPOB HA TOMEPEYHYI0 YCTOMYMBOCTH KOpIIEBATE,
Tpyow FI'TY, c. 174-181.

Zimelis, A., Lazdin$, A. Sarmulis, Z. (2014). Productivity of stump
extraction with MCR500 bucket in Latvia. Arsa. Advanced Research in
Scientific Areas, pp. 310-313.

Lazdin$, A., Lazdans, V., Kalgja,S., Zimelis, A.,, Prindulis, U.,
Klavina, D., Rozitis, G. (2014) Celmu biokurinama resursu un to
pieejamibas apskats eglu audzes valsts mezos. Mezzinatne, 28(61), 166.—
179. Ipp.

Zimelis, A., Lazdins, A. Sarmulis, Z. (2013). Comparison of productivity
of CBI and MCR-500 stump lifting buckets in Latvia. Proceedings of
Research for Rural Development 2013. Jelgava, pp. 59-66.

Lazdins, A., Zimelis, A. (2012). System analysis of productivity and cost
of stump extraction for biofuel using MCR 500 excavator head.
Proceedings of Research for Rural Development 2012. Jelgava, pp. 62—
68.

Zimelis, A., Lazdans, V., Lazdina, D. (2012). Evaluation of forest
regeneration results after stump extraction in joint stock company
‘Latvian state forests’. Proceedings of Research for Rural Development
2012. Jelgava, pp. 69-72.

Lazding, A., Zimelis, A. (2012). Productivity of stump lifting head MCR-
500. Mezzinatne, 25(58), 42.—44. lpp.

Publikacijas koferencu tezu krajumos:

Makovskis, K.,  Lazdins, A.,  Zimelis, A.,,  Gaitnieks, T.  (2015)
Productivity and cost of stump extraction in forest stands heavily affected
by root rot. Book of abstracts of international scientific conference of the
forest sector Knowledge based forest sector 2015. Riga, pp. 31-33.
Lazdina, D., Lazdins, A., Zimelis, A. (2012). Comparison of productivity
of soil scarification with conventional excavator bucket and mounder



MPV-600. Proceedings of OSCAR 2012. Riga, LSFRI Silava, pp. 131-
134.

10.Lazdins, A., Zimelis, A., Gusarevs, I. (2012). Preliminary data on

productivity of stump lifting head MCR-500. Proceedings of Renewable
Energy and Energy Efficiency. Jelgava, Latvia University of Agriculture,
pp. 150-155.

Pe&tfjuma rezultata sagatavoti divi patenti.

1.

Lazdin$, A., Lazdans, V., Gusarevs, l., Zimelis, A., Kurmis, E.,
Dmitrijenko, V., Lazdina, D. (2013). Multifunkcionala iekarta celmu
rausanai-pléSanai ar pacilveida stadvietu veidoSanu. LR patents
Nr. 14769. Latvijas Republikas patentu valde.

Lazdin$, A., Lazdina, D., Lazdans,V., Gusarevs,l., Zimelis, A.,
Kurmis, E., Dimitrijenko, V. (2013). Iekarta pacilveida stadvietu
veidoSanai meZa augsnés. Latvijas patents Nr. 14692. Latvijas Republikas
patentu valde.

P&tijuma rezultati prezentéti Cetras konferences.

1.

Zimelis, A. (2018). Technology and energy balance in stump harvesting
with MCR500. 17" International Scientific Conference ‘Engineering for
Rural Development’, Latvia University of Life Sciences and
Technologies, Jelgava, Latvia, 23-25.05.2018.

Zimelis, A. (2015). Productivity and cost of stump extraction in forest
stands heavily affected by root rot. Knowledge based forest sector, LSFRI
‘Silava’, Riga, Latvia,04.—06.11.2015.

Zimelis, A. (2013). Comparison of Productivity of two stump lifting
heads CBI and MCR-500 in Latvia. Annual 18" International Scientific
Conference ‘Reserch for Rural Development 2013°, Latvia University of
Life Sciences and Technologies, Jelgava, Latvia, May 2013.

Zimelis, A. (2012). Evalution of Forest Regeneration Results After Stump
Extraction in 2008 in Zemgales Forestry District of Join Stock Company
‘Latvia State Forest’. Annual 18" International Scientific Conference
‘Reserch for Rural Development 2012°, Latvia University of Life
Sciences and Technologies, Jelgava, Latvia, 16.-18.04.2012.

1.5. Promocijas darba struktiira un apjoms

Promocijas darba struktiira veidota atbilstosi izvirzitajiem uzdevumiem.

Darbs sastav no trijam nodalam. Pirmaja nodala sagatavots koksnes biomasas
izmanto$anas iespgju un celmu ieguves panémienu izzinatibas apskats. Otraja
nodala aprakstita celmu koksnes resursu novertésanas un izstrades metodika, kur
petijuma rezultata izstradatas darba metodes un pan€mieni celmu rausSanai-
plesanai, kombingjot ar augsnes gatavoSanu. Tre$aja nodala analiz&ti p&tijuma
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rezultati atbilsto$i promocijas darba izvirzitajam mérkim un pétnieciskajiem
uzdevumiem.

Promocijas darba apjoms 75 Ipp., p&tijuma informacija apkopota 19 tabulas
un 29 attelos, promocijas darba izstradeé izmantoti 94 literatiiras avoti. Darba
nosléguma formuléti 7 secinajumi.

2. MATERIALS UN METODES

2.1. Empiriska materiala raksturojums

Pirma uzdevuma risina$anai potenciala un tehnologiski pieejama celmu
koksnes apjoma notik$ana balstita uz Meza statistiskas inventarizacijas (MSI)
datiem, péc kuriem aprékinata celmu biomasa, pielietojot J. Liepina izstradatos
vienadojumus.

Otra uzdevuma izpilde saistita ar celmu rauSanas-pléSanas konstrukcijas,
darba metozu un tehnisko prasibu izveidi un aprobaciju. Celmu rau$anas-
plésanas iekartas specifikacijas projekté$anas uzdevuma balstitas uz teorétiskas
mehanikas aprékiniem, bet aprobacija — uz mérjjumiem lauka izméginajumos.

Pirms celmu rausanas biitiski visus celmus market, savukart pasu rausanas-
plésanas procesu nodro$inat atbilsto§i planotajam darba metodém. lekartas,
resp., tehnologiska mezgla uzlabojumi atspogulojas ka raziguma izmainas
sadalfjuma pa darba elementiem, kur raditaju salidzinasanai pielieto aprakstoso
un secinoso statistiku.

Tresa uzdevuma (celmu izstrades energobilances uzlaboSanas iesp&ju
analize, apvienojot celmu izstradi un augsnes sagatavoSanu pirms meza
atjaunosSanas) izpildei nepiecieSamas atbilstoSas cirsmas, kuras var salidzinat
dazadus augsnes gatavos$anas pan€mienus. VertéSanas kritériji ir sagatavotais
stadvietu skaits un kvalitate, raZigums un patéréta degviela. Datu kopu
salidzinasanai pielieto aprakstoSo statistiku.

Ceturta uzdevuma izpilde balstita uz kop&o celmu izstrades un
transport€Sanas tehnologiju, kura ka rezultgjosie raditdji ir razigums (sadalijuma
pa darba elementiem) un fosilo energoresursu paterin$ razoSanas procesa. Datu
analizei pielietota apraksto$a un secino$a statistika.

[zm@ginajumiem izraudzitas platibas, kuras atjaunosanas cirte veikta 3 gadus
pirms planotas celmu izstrades, bet ka papildus kriteriji objektu atlasei ir sugu
sastavs un meza tips — valdo$a suga egle (vismaz 70%), damaksna, véra vai
Saurlapju arena meza tipam atbilstoSas audzes. Talakais datu ievaksanas process
saistits ar lauku darbiem, kuros darba laika uzskaite un citi butiski raditaji
uzskaititi atseviski sadalijuma pa darba operacijam.



2.2. Celmu koksnes resursu novértéjuma metodika

Aprekini veikti, izmantojot MSI, atbilsto$i iepriek$ izstradatajai metodei
celmu biokurinama novertésanai audzes limeni (Lazdin$ et al., 2014) parastajai
priedei (Pinus sylvestris L.), parastajai eglei (Picea abies (L.) H. Karst), bérzam
(Betula pendula Roth) un apsei (Populus tremula L.). Celmu biomasas
aprekinasanai sakotngji identificétas mezaudzes péc vecuma - valdo$as sugas
koku vecums ir vienads vai lieclaks par Meza likuma 9. panta definétajam
robezvertibam galvenas izmanto$anas cirtei (Ministru Kabinets, 2010). Papildus
atlases krit@riji saistiti ar meza zemju ilgtsp€jigu izmantoSanu — nenoplicinasanu,
proti, celmu ieguve iesp&jama augligas augsnés, kas atbilst métraja (Vacciniosa),
lana (Myrtillosa), damaks$na (Hylocomiosa), véra (Oxalidosa), garSas
(Aegopodiosa), slapja damaksna (Myrtilloso-sphagnosa), slapja véra
(Myrtilloso-polytrichosa), slapjas garSas (Dryopteriosa), métru arena
(Vacciniosa mel.), Saurlapju arena (Myrtillosa mel.), platlapju arena
(Mercurialiosa mel.), métru kadrena (Vacciniosa turf. mel.), Saurlapju kiidrena
(Myrtillosa turf. mel.) un platlapju kadrena (Oxalidosa turf. mel.) tipiem
(Lazdins et al., 2014). Papildus no datu atlases izslégtas platibas ar galvenas
cirtes ierobezojumiem — aizliegta mezsaimnieciska darbiba: galvena cirte,
kop$anas cirte un kailcirte. Celmu resursu novérté$anai, balstoties uz MSI
datiem. Biomasas aprékini veikti, izmantojot J. Liepina izstradatos
vienadojumus, ekstrapolgjot atsevisku koku pazemes biomasu uz parauglaukuma
limeni.

y=axx? (2.1)
kur:
y  —ieglstama saknu biomasa, tsausnas; / potential root biomass, t ary matter;
a, b — koeficienti; / parameters;
X  —koksnes kraja, m® ha / the volume of the stand, m® ha'.,

Celmu biomasas apréekini raziguma raditaju analize balstiti uz Marklunda un
Repola izstradatajiem algoritmiem, kas ir saistits ar nepiecieSamibu nodroSinat
datu salidzinabibu ar Ziemelvalstis un iepriek§ Latvija veiktiem p&tfjumiem.
Saskana ar celmu biomasas aprékiniem, izmantojot Iidz Sim aprob&tus
vienadojumus, ir iesp&jams salidzinat ieglitos raditajus ar Iidzigos p&t;jumos
ieglitiem datiem, kas pieejami zinatniskas publikacijas.

2.3. Celmu rauSanas darba panpémieni un tehnisko prasibu
sagatavoSana
Celmu izstrades pétijuma izmantotas 3 darba metodes. Pirma metode

paredzéta darbam ar CBI celmu rauSanas iekartu. Otra un tresa darba metode
paredzétas MCR-500 iekartai, kas izstradata, nemot vera mezsaimnieciskas
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vajadzibas saistiba ar augsnes gatavosanu. Otras un tre§as metozu atskiriba ir
saistita ar iekartu tehniskiem un tehnologiskiem uzlabojumiem, lai nodro$inatu
augstaku razigumu un kvalitativaku augsnes sagatavoSanu.

Veicot celmu rauSanu ar CBI iekartu, ekskavators parvietojas pa
tehnologiskajam brauktuvém, veicot celmu rausanu un to nokrausanu, veidojot
celmu kaudzes paraleli brauktuvei. Celmu rausanu veic no labas puses,
perpendikulari parvietoSanas virzienam (2.1. att., pa kreisi). Celmu rauSanu sak
ar tuvak esoSajiem celmiem un turpina ar talak esoSajiem celmiem. Celmu
rausana josla tiek partraukta, ja tehnika ped€jo celmu izravusi ar maksimalo
izlici. Talak parvieto manipulatoru pa kreisi uz nakamo joslu, rausanu uzsakot ar
celmiem, kuri ir tuvak masinai.

Veicot celmu rausanu ar MCR-500 iekartu, ekskavators parvietojas starp
tehnologiskajam brauktuvém (2.1. att., pa vidu). Celmu rausanu veic no labas uz
kreiso pusi. Celmu rauSanu uzsak perpendikulari tehnikas parvieto$anas
virzienam, veidojot 1. joslu. Pirmos celmus rauj talak no tehnikas ar maksimalo
izlici un nokrauj paralgli brauktuvei, p&c tam celmus rauj virziena uz tehnikas
pusi un nokrauj paraléli brauktuvei. Vienlaikus ar celmu rau$anu veic augsnes
sagatavoSanu, veidojot pacilas. Lielakas dimensijas celmiem, kuru caurmers
parsniedz 25 cm, veic to parplésanu vairakas dalas. Savukart, lai samazinatu
mineralaugsnes T1patsvaru, péc celmu izrauSanas tos vairakas reizes ar
manipulatoru pacel un nomet zemg, to darot [idz bridim, kad mineralaugsne vairs
neatdalas no celma, bet ne vairak ka 3 reizes. Péc celmu izrauSanas tehnika
parvietojas 5 m uz prieksu.

Veicot celmu rausana ar uzlabotu MCR-500 iekartu, ekskavators parvietojas
starp tehnologiskajam brauktuvém (2.1. att., pa labi). Celmu rauSanu veic no
labas uz kreiso pusi perpendikulari parvietoSanas virzienam. Celmus rauj no
talakas joslas punkta virziena uz tehnikas pusi. Celmus nokrauj paral€li
parvietoSanas virzienam, veidojot nelielas kaudzes 4-8 m attaluma no
tehnologiskas brauktuves ass. Kad celmi tehnikas parvieto$anas virziena ir
izrauti, tehnika parvietojas 1-5 m uz priekSu un sagatavo augsni aiz sevis. Ja
izrautd celma caurmeérs ir >25 cm, veic ta sadaliSanu vairakas dalas, izmantojot
plésanas nazi, vienlaicigi veicot celma nomesanu vai purinasanu, lai samazinatu
mineralaugsnes daudzumu.
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2.1.att. Darba metodes celmu rausana
(pa kreisi CBI, vida MCR 500 un pa labi uzlabota metodika MCR 500) /
Fig. 2.1. Work methods for stump-pulling
(to the left CBI, in the middle MCR 500 and to the right side advanced method
with MCR 500 device)

MCR 500 projektésanas uzdevums:

e ickartai jabit jaunam multifunkcionalam produktam, kuram ir bitiski
uzlabotas un papildinatas tehniskas ipasibas (masa, gabaritizméri,
konstrukcija u.c.) un ar to vienlaicigi ir iesp&jama ka celmu izstrade, ta
augsnes sagatavoSana, no celmiem atbrivotaja platiba veidojot pacilas;

e kopéja masa > 1600 kg, kas panakta, balstoties uz teorétiskas mehanikas
aprékiniem, ka arT modelgjot iekartas konstrukcijas elementus atbilstosi
planotajam slodzém;

e ickartai jabut originalai konstrukcijai pacilu ar plakanu virsmu
veidoSanai;

e janodrosina izveidoto pacilu sablivésana ar darba galvas pamata plaksnes
dalu (LV 14769 B, 2014).

Celmu rausanas iekartas aprékiniem izveidota pamatshéma (2.2. att.).
Izmantojot izstradato shému, var vertét ekskavatora tipa celmu ravéja stabilitati,
veicot celmu rausanu, un noteikt darbibas efektivitati, izmantojot dazadus darba
panémienus, atkariba no atbalsta virsmas slipuma, celma caurméra, celma
novietojuma un augstuma, nemot vera ar1 bazes Sasijas tehniskos parametrus.
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2.2. att. Celmu rausanas speka aprékinasana
G1 — Gg — bazes Sasijas, atsvara, hidromanipulatora sastavdalu, tehnologiskas iekartas un
celma paSmasai atbilstoss smaguma spéks N; L1 — Le — attalums no bazes Sasijas, atsvars,
hidromanipulatora sastavdalas, tehnologiska iekarta, celma pa§masas smaguma centrs lidz
ekskavatora ass Iinijai, m; h1 — hs — augstums, kada atrodas sastavdalu smaguma centri, m;
he — celma augstums horizontala plakng, m; B — ekskavatora baze, m; 1 — kapurkédes
platums, m; Px; Py — celma rau$anas komponentes, N; P — celma rausanas pamatspéeks, N;
o — zemes virsmas slipums, gradi; ¢ — lenkis starp celmu rausanas virsmu un atbalsta
virsmu, gradi; A- apgasanas punkts, R1,R2 — augsnes reakcijas speks zem kapurkedeém, N.

Fig. 2.2 Force calculations for stump extraction

G1 — G6 — base chassis, counterweight, components of the hydraulic manipulator,
technological equippment, gravitational force equal to stump’s mass N; L1 — L6 —
distance from the base of chassis, counterweight, components of hydraulic manipulator,
technological equipment, stump center of mass till excavator’s axis line, m; hl —h5 —the
height at which centers of gravity of components are located, m; h6 — stump height on a
horizontal surface, m; B — basis of excavator, m; | —track width, m; Px; Py — components
of stump-pulling, N; P — stump-pulling force, N; o — the slope of the ground surface,
degree; ¢ — the angle between stump-pulling surface and support surface, degree; A-
tipping point, R1,R2 — the power of soil reaction under the track, N.

P&tjuma verteti dazadu raditaju ietekme uz razigumu un slodze€m, pieméram,
celma caurmérs, celma smaguma speka atkariba no augsnes Iimena, celma
smaguma speka darbibas virziens, hidromanipulatora izlices attalums,
kapurkédes platums. Konstatéts, ka hidromanipulatora izlices lielaks raditajs
ievérojami samazina celmu ravéja ekspluatacijas iesp&jas. Pieméram, pie
hidromanipulatora minimalas izlices (Lmin =4 m), ar vertikalo celmu rausanas
speku nesamazinot $k&rsstabilitati, var raut celmus ar caurméru 43 cm, bet,
palielinot hidromanipulatora izlici 2.5 reizes, maksimali izraujama celma
caurmérs samazinas lidz 11.7 cm (2.3. att.).
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2.3. att. Celma caurméra (d) un hidromanipulatora (Ls) izlices ietekme uz
atbalsta kapurk&zu reakciju /
Fig. 2.3. The diameter of stumps (d, cm) and influence of hydraulic
manipulator (Ls) boom on response to support of tracks

Papildus augSming&tiem raditajiem apskatits $ads celmu rausanas pan€miens:

o tehnologiskas iekartas vertikala kustiba (¢ = 90°);

e hidromanipulators ir pozicija, kura ¢ = 0° vai ¢ = 180°;

o tehnologiskas iekartas kombingta kustiba (0°<@<90°), ja kustiba notiek
no ekskavatora virziena uz darba iekartas pusi (prom no ekskavatora,
90°<p<180°).

Konstatgts, ka celmu rausana ar vertikalo kustibu ir vismazaka reakcija, bet
tads darba panémiens nav efektivs razo$anas apstaklos. Sada veida raujot celmus
un kustinot tehnologisko aprikojumu horizontalaja virsma 30° lenki pret bazes
masinas atbalsta virsmu, tiek panakts, ka reakcija R zem kapurkédes palielinas
2.16 - 6.25 reizes, celma caurm@ram palielinoties no 5 Iidz 10 cm. Taja pasa
aprekina konstatéts, ka pie noteiktds manipulatora izlices maksimala celma
caurmérs ir Iidz 25 cm.

Petjjuma konstatéts, ka visdrosaka Skersstabilitate panakta uz horizontalas
virsmas, un celmu rausanas iekartai uz ekskavatora bazes ir iesp&jams raut
celmus ar caurméru lidz 50 cm un vairak. Limit€joSais raditajs ir visas masinas
sakeres sp€ja ar grunti.
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2.4. Energoefektivitates uzlaboSanas tehnologijas izstrades metodika

Darba laika uzskaite sadalfjuma pa elementiem visa izstrades procesa balstas
uz katra darba elementa pabeigSanas laika fikséSanu katram darba ciklam.
Uzsakot darba laika uzskaiti, hronometr&tajs nospiez pogu “Sakt” (palaiz laika
uzskaiti) un darba procesa fikse katra izdalita darba elementa pabeigSanu.

Kopgja drupinatas koksnes izstrades tehnologiskaja procesa energopatérina
uzskaite un analize veikta sadalijuma pa darba operacijam, no kuram talaka
procesa izveleta visefektivaka, to pamatojot ar petijjuma veiktajiem aprékiniem.
Katra no dalam analizeta atseviski, to sadalot pa darba operacijam un tehnikas
vienibam; model&jot energijas izlietojumu celmu rau$ana un pieve$ana lidz
aug8gala krautivei (AGK), kopuma izdalot 6 variantus, noskaidrots variants, kura
energijas izlietojums ir vismazakais.

Lai aprekinatu kop€jo energoresursu ietilpibu un kop&jo iesp&jamo energijas
atdevi, petfjuma izmantots vienadojums, kur kop&ja energobilance norada uz
atglistamo energiju, salidzinot ar razoSanas procesa patér&jamo energiju
(Wasiak, 2018).

Lietderibas koeficientu aprékina, salidzinot energiju, kuru iesp&jams iegit,
sadedzinot kurinamo, to attiecinot pret kopgjo patéréjamas energijas daudzumu.
Ja mazaka vertiba ir vienada ar 0, tad lietderibas koeficients ari ir 0.

3. REZULTATI UN DISKUSIJA

3.1. Celmu resursu pieejamiba Latvija

Kopgjie teorétiski pieejamie celmu koksnes energoresursi atbilst 142 TWh
primaras energijas, no kuriem dala, atbilsto$i saimnieciskdas darbibas
ierobezojumu pazimém, ir saimnieciski nepieejamos mezos. Lielako dalu
teoretiski piejamo celmu biomasas resursu veido priede (45%), egle (36%), bérzs
(15%) un apse (4%). Summé&jot meza tipus, kuros celmu koksnes ieguve nav
rekomend&jama, ka arT mezus, kuros ir sezonali izstrades ierobezojumi, 35%
platibu celmu rausanu nevar veikt.

Potenciali pieejamais celmu koksnes apjoms atbilst 103 TWh primaras
energijas, kur lielaka iegtistama biomasa (55%) ir sausienu meza tipos. Lielaka
dala potenciali pieejamo resursu ir valsts mezos— 68%. Privatpersonu un
uznémumu TpaSuma ir 32% platibu. Tehniski pieejamais ikgadg€jais celmu
koksnes apjoms lidzinas 349 GWh primaras energijas. Atbilstosi CSP datiem
apkopojuma “Katlumajas paterétais kurinamais un sarazota siltumenergija, TJ”,
2018. gada bija nepiecieSsami 7690 TJ kurinamas Skeldas katlumaju darbibas
nodro§inasanai. Izmantojot celmu koksni energijas ieguvei, ta nodrosinatu 16.3%
no kopgja koksnes energoresursu pieprasijuma.
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3.2. Raziguma analize celmu koksnes sagatavoSanas tehnologiskaja
procesa

Platibas, kuras planots veikt celmu rausanu-plésanu, kopuma uzmeriti 3022
celmi. Vidgjais celma caurmérs platibas, kur celmu izstrade veikta ar CBI, ir
33.5+ 0.4 cm, vidgjais augstums 26.5 *+ 0.4 cm. Savukart platibas, kur darbojas
MCR 500, vidgjais celma caurmérs bija 33.6 £ 0.2 cm, bet vid€jais augstums —
33.1 £ 0.4 cm. Mark&to celmu raksturojums sagatavots, balstoties uz mérjjuma
datiem, kuri ievakti pirms celmu izstrades. No visiem uzméritajiem celmiem
skuju koki ir 75% no kopgja biomasas (egle 59% un priede 16%).

Kopa pétijuma laika izrauti 2720 celmi. Vidgja izrautd celma caurmérs,
stradajot ar CBI rausanas iekartu, ir 33 + 11 cm, ar MCR 500 — 33+ 9 un ar
MCR 500 Il — 38 £ 10 cm. Vidgjais laika pat€rins vienas tsausnas Sagatavosanai ir
0.3 h efekttva darba laika. Celmu rausanas procesa lielakais laika patérins ir
celmu izrausanai no augsnes. Tam japatéré 33% no kopgja laika (3.4. att.).
Mazak laika aiznem grieSanas ar ekskavatoru (12%), ekskavatora parvietoSanas
(11%), celma saplésana (11%), mineralaugsnes nopurinasana (11%) un celma
satverSana (10%).

Atbilstosi produktiva darba laika patérinam izm&ginajumos, aprékinatie
raditaji butiski atSkiras (p = 0.01) atkariba no izstrades metodes. Tas skaidrojams
ar efektivitates uzlabosanu darba procesa, tadéjadi samazinot nepiecieSamo laika
paterinu tada daudzuma celmu izrauSanai, no kura var ieglit vienu tsausnas.
Stradajot ar CBI, 1 tsausnas sagatavoSana aiznem 0.19 h, savukart, stradajot ar
MCR 500 - 0.34 h. Iegitajiem datiem pieskirt visparinoSu nozimi nebiitu
korekti, jo MCR500 I|pirmaja izmé&ginajumu posma (2. Darba metode)
ekskavatora hidrosiiknis nenodro§inaja nepiecie$amo ellas plismu un pretnazis
faktiski nebija izmantojams celmu pléSanai. P&c tehniskiem uzlabojumiem un
2. metodes pilnveido§anas raziguma raditaji palielinajas 1idz 0.19 tsusnas h™, kas
atbilst ar CBI iegitajiem raditajiem. Janem veéra ari tas, ka §1 pétjjuma laika
tehnikai tika veikti remonti, lai nodrosinatu nominalo ellas plismu. Talakos
aprekinos darba razigums netiek modeléts pie dazadiem tehniskas gatavibas
Itmeniem.

Izméginajumu laika sasniegtais vid&jais razigums, stradajot ar CBI iekartu, ir
13.6 m® h?, savukart ar MCR 500 — 7.8 m® hl. Salidzinot darba laika patérinu
sadalfjuma pa darba elementiem, sliktaki raditaji (darba laika paterina pieaugums
ar negativu zimi), salidzinot abas iekartas, ir celmu izcelSanai -69%, sapléSanai -
533%, celma purinasanai -67%, celmu nomesanai -137%. Lai uzlabotu raziguma
raditajus, celmu rauSanas-pléSanas tehnologiskaja risinagjuma veikta virkne
uzlabojumu:

1. pazeminats cilindra stiprinajums; ka rezultata, samazinot pleca garumu,

saskana ar teorctiskds mehaniskas aprékiniem uzlabojas pretnaza
efektivitate un atrdarbiba, kas butiski ietekme raziguma raditajus;
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2. palielinata konstrukcijas izturiba pret sanspiedi, ka rezultata uzlabojas
iekartas tehniska gataviba, tadgjadi samazinot dikstaves remontu laika,
mainot pretnaza pirksta bukses;

3. palielinats hidropievadu $kérsgriezums, ka rezultata iekartu var pieslégt
lieljaudas hidropievadam, samazinot ellas plismas pretestibu sistéma, ka
rezultata cilindrs var darboties atrak;

4. virkne uzlabojumu saistita ar augsnes gatavo$anas moduli, palielinot ta
virsmas laukumu un sanu malu liekumu, ka rezultata uzlabojas
produktivitate un darba izpildes kvalitate.

P&c ickartas tehniskiem un tehnologiskiem uzlabojumiem izméginajumos
konstatéts, ka, MCR 500 I, salidzinot ar MCR 500 Il baitiski samazinajies darba
laika patérins, parrékinot uz sarazotas produkcijas vienibu. Vidgjais razigums,
stradajot ar MCR 500 II iekartu bez augsnes gatavosanas, ir 13.1 m®h !, bet
papildus gatavojot augsni — 11.1 m® h™2,

Stradajot ar CBI un MCR 500 Il, sasniegtie raziguma raditaji ir lidzigi
(p = 0.16). Salidzinot celmu rausanas raziguma raditajus ar lidzigiem p&tijumiem
Ziemelvalstis, kuros salidzinatas dazadus celmu rausanas kausus, konstatgts, ka
Latvija iegiiti biitiski labaki raziguma raditaji. Ziemelvalstis dazados petijumos
raZiba bija vidgji 7-10 m® h? (Laitila et al., 2008; Athanassiadis et al., 2011;
Moffat et al., 2011; Palander et al., 2015; Karh4 & Mutikainen, n.d.). Janem véra,
ka salidzinatie raditaji ir indikativi, jo pastav butiskas atSkiribas, ko nosaka
augsnes tips un raujamo celmu dimensijas. Latvija veiktajos izm&ginajumos
celmi ir butiski lielaki un izstrade veikta galvenokart mineralaugsnés, bet
salidzinajuma ietvertajos Ziemelvalstu pétjjumos informacija ir par kudras
augsném.

Darba laika uzskaite, lai aprékinatu raziguma raditajus pievesana, veikta 7
cirsmas, kopuma uz augsgala krautuvi pievedot 107 kravas. Pievesanas attalums
ir no 140 m lidz 850 m.

Pétijuma konstatéts, ka forvardera produktivais laiks celmu pievesanas
operacijas ir no 88% Iidz 100%, salidzinot ar pievesanas darbiem Latvija, kur Sis
raditajs ir zemaks. Izmantojot ekvivalentas tehnikas vienibas, produktivas
stundas darba laika Tpatsvars ir no 77% Iidz 94% (Rozitis et al., 2017). P&tjjuma
ietvaros neproduktivo laiku veido tehnikas remonti, apkopes un meza masiu
operatoru atpiita darba laika. Teor&tiski produktivajam darba laikam nevajadz&tu
bt lielakam par 67%, ja mainas ilgums ir 8 un vairak stundas. Tas skaidrojams
ar operatoru atpatu darba laika, pienemot, ka operatori 45 min strada un 15 min
atptisas. Sada atputa tiek pienemta un ieklauta talakos aprekinos, rékinot
raziguma raditajus. Publikacijas tas minéts ka raditajs G15 (Talbot et al., 2003)
vai E15 (Sirén and Aaltio, 2003), kas raksturo atpaitas ilgumu viena stunda.

Sasniegtie raZiguma raditaji izmégindjumu cirsmas celmu pievesana ir no 3
Ilidz 12 m® h! produktivaja darba laika. Salidzino$i nelieli razZiguma raditaji
saistiti ar forvardera kravas tilpnes neefektivu izmantoSanu, pieredzes trikumu
un ekskavatora operatora izvairiS$anos no celmu plésanas izstrades laika.
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Celmu koksnes biomasas transportésanas laika uz stapkrautuvi ir jarékinas ar
dalgji piepilditam kravam, jo celmu koksni teju neiesp&jami sakraut konteinera
tipa puspiekabgé. Izm&ginajumu objektos tilpiguma koeficients celmu koksnes
izveSana ir 0.4, pétijuma sasniegtie raziguma raditaji - 3.5 tsasnas N, Celmu
koksnes transport€sanas attalums I1dz starpkrautuvei petijuma ir 7 km. Lidz §im
publicétaja informacija par efektivu transport€Sanas attalumu mingts, ka lidz
10 km lielam attalumam ir vismazakas izmaksas uz vienu km. P&tjjuma secinats,
ka celmu parveSana uz starpkrautuvi butiski palielina biokurinama razoSanas
izmaksas, padarot $o biokurinama veidu nekonkur€tsp&jigu, ja ir pieejamas
mezizstrades atliekas galvenaja cirt€ vai sikkosne no kopsanas cirteém, tap&c no
§1 razosanas posma ir jaizvairas, veicot drupinasanu jau AGK.

Celmu smalcinasana izméginajumos veikta ar vairakam iekartam. Magnum
Force 6800P drupinataja razigums izméginajumos bija 110 tonnas h. Stradajot
ar drupinataju Doppstadt 441SM, raZigums bija 26 thl, P&tijuma sasniegtie
raditaji ir mazaki, salidzinajuma ar literatira minétajiem (Irdla et al., 2017), un
tas skaidrojams liela méra ar smalcinasanai nepiemérotu celmu izstrades
metodi - parasti celmi nebija parplésti un to ievadiSana drupinataja prasija
papildus darba laika paterinu. Lai sasniegtu labakus razigums raditajus, vidgja
izméra un lielakos celmus nepiecieSams sadalit vismaz 4 dalas (Anerud, 2012).

3.3. Augsnes sagatavoSanas izvértejums

P&tjjuma izmantotais augsnes sagatavo$anas kvalitates kritérijs, izmantojot
pacilu metodi, ir sagatavoto stadvietu skaits (Zimelis et al., 2012). Izm&ginajumu
platibas, kuras augsni sagatavoja disku fréze (kontrole), izveidotas 1352 + 50
pietiekosi lielas stadvietas uz vienu hektaru, bet, izmantojot celmu rausanas
iekartu - 1250 *+ 72 stadvietas uz vienu hektaru.

Augsnes gatavoSanai ar disku frézi patérétas 89 + 18 min. ha?l, bet,
izmantojot celmu rauSanas-pleSanas iekartu, 229 + 21 min. hal. Salidzinot
raziguma izmainas, raujot celmus ar MCR 500 Il un papildus gatavojot augsni,
konstatéts raZiguma samazinajums par 15%, sasniedzot 11.1 m® h. Degvielas
patérins, stradajot ar disku frézi, ir 18 L ha! (neskaitot tehnikas parvadasanas
starp objektiem, papildus vél 38 L 100 km™ katra virziena), bet, izmantojot
ekskavatoru, degvielas patérin§ augsnes sagatavoSanai ir 49 L ha’.

3.4. Celmu izstrades energoresursu patérina bilance

Energoresursu patérina aprékinasanai dazadiem meza darbiem noteikts
kopgjais energopaterinS un identificéts efektivakais celmu rausSanas un
pieveSanas variants.

Stradajot ar Komatsu PC210LC, kur§ aprikots ar CBI rausanas iekartu,
atbilstosi koksnes drupinaSanas tehnologijai un resursu ieguvei no meza,
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pievadamais energoresursu apjoms strauji sak samazinas, ja izraujamo celma
caurmérs sasniedz 20 cm. Salidzinot ar MCR 500 II, energoresursu patérina
strauj$ samazinajums noveérojams tajas pasas celmu caurméra grupas. Salidzinot
degvielas patérinu pie vienada vidgja izstradajama celma caurméra (42 cm),
stradajot ar CBI celmu rausanas iekartu, tas ir 0.91 L m™3, savukart, stradajot ar
MCR 500 II, degvielas paterin$ ir 1.05 L m®. Jaatzimé, ka tehniskd masinu
gataviba nav vienada abam salidzinatajam iekartam, tapéc MCR 500 Il
prototipam degvielas pat€rin$ var samazinaties, pilnveidojot darba metodi.

Forvardera raziguma ietekme uz kop&jo enerogoefektivitati celmu
biokurinama raZo$ana pétijuma nebija bitiska, ja razigumu parsniedza 5 m3 h't
(3.15. att.). Pe&tjjuma konstatétais degvielas patérins, stradajot ar John
Deere 810D, ir 14.3 L h'’. Logset forvardera degvielas patérin§ aprékinats péc
Lofflera formulas, un, nemot véra ta dzingja jaudu (170 hp), aprékinatais paterins
ir 18.5 L h™’. Veicot celmu pievesanu ar Ponsse Bufallo, uzskaititais degvielas
patérin$ ir 16.8 L h'l; lidzigos pétijumos Latvija, test&jot dazadas atbalstkédes,
konstatétais degvielas patérind kokmaterialu pieve$ana var sasniegt 17.7 | h?
(Lazdins, 2017).

Salidzinot degvielas patérinu pie vienada raziguma (7 m® h') un pievedot ar
John Deere 810D, aprekinatais patérina patérins ir 2.05 L m 3, stradajot ar Ponsse
Gazelle —2.40 L m® un ar Logset 4F - 2.65 L m=. Degvielas patérin$ samazinas
zem 1 L m?3, sasniedzot razigumu 15 m® hl. Svarigakie tehnikas parametri ir
dzingja jauda un kravnesiba.

Celmu koksni parvedot no AGK uz starpkrautuvi, kas atrodas 7 km attaluma,
Scania R480 patérgja 1.29 L m3, bet Scania R500, - 1.52 L m3. Aprékinatas
atskiribas saistitas ar to, ka Scania R500 degvielas patérin$ ir vidgji par 19%
lielaks neka otrai masinai.

Celmu drupinasanai, izmantojot CBI Magnum Force 6800P un atbilstosi
vidgjiem raziguma raditajiem, pétijuma bija pateéréti 0.69 L m3, bet, izmantojot
drupinataju Shredder DW2060, degvielas patérin§ bija mazaks - 0.56 L m?,
Janem vera, ka 2. gadijjuma izmantots ar1 sijatajs Doppstadt 441SM, kura
degvielas patérin$ ir 1.31 L m3, Lidz ar to kopgjais degvielas patérind $im
masinu komplektam ir 1.87 L m3.

Salidzinot energijas paterinu autovilcieniem Scania 380 un Scania 420,
konstatéts, ka abam masinam ir 1idzigs degvielas patérins — videji 1.87 L m3;
savukart Scania R500 un Volvo FM tas ir nedaudz mazaks, attiecigi, 1.52 L m3,
bet — 1.40 | m®, aprékinata patérina atikiribas saistitas ar dzingja jaudu.

Saskana ar pétijuma rezultatiem efektivakais celmu koksnes izstrades
tehnologiskais risinajums ir planot izstradi ar MCR 500 IT un pieve$anu veikt ar
John Deere 810D vai ekvivalentu vidgjas klases forvarderu. Ja nepiecieSama
celmu parvesana uz starpkrautuvi, jaizvelas transports ar mazako degvielas
patérinu. Neatkarigi no ta, vai celmus planots drupinat AGK vai starpkrautuve,
btiski veidot Sauras un augstas celmu krautnes, lai visus celmus var€tu aizsniegt
ar drupinataja vai autovilciena manipulatoru. Butiskakie celmu transportésanas
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masinu atlases krit€riji ir no metala izgatavota kravas tilpne (tas saistits ar
ilgmiiZibu, jo, metot kravas tilpné Iidz 2 tonnas smagus celmus, var tikt bojats
konteiners). Transportam jabiit aprikotam ar manipulatoru celmu iekrausanai vai
arT iekrausanu javeic ar forvarderu.

Kopgjais degvielas patérin$ drupinatas koksnes izstradei un piegadei
(neierékinot augsnes sagatavo$anu) ir 6.82 L m?3. Aprekinatais kopgjas
liectderibas koeficients ir3.9. Tas nozimé, ka, sadedzinot celmu S$keldas,
ieglistamais energijas daudzums, ir 3.9 reizes lielaks, neka energoresursu
paterin§ razoSanas un piegades procesa. Petijuma identificéti arT vairaki
risinajumi energoresursu patérina samazinasanai razosanas procesa, pieméram,
veicot drupinasanu AGK un iepildot Skeldas tiesi autovilciena, ka art celmu
rauSanas - pléSanas kvalitates uzlaboSana, lai paliclinatu pieveSanas un
drupinasanas procesu efektivitati.

4. SECINAJUMI UN PRIEKSLIKUMI

1. Potenciali pieejamo celmu koksnes resursu novert€Sanai precizaka
apreékinu metode ir balstita uz meza ekosisteému iedalijumu, atkariba no §1
resursa ieguves iesp&jamibas. Saskana ar MSI datiem potenciali
pieejamais celmu koksnes apjoms, kas Latvijas teritorija atbilst 103 TWh
primaras energijas. Balstoties uz aprékiniem un ievérojot pétjjuma
izvirzitos pienémumus, ik gadu pieejamas 349 GWh primaras energijas,
kas var aizstat 16% no kopgjas valsti patérétas kurinamas koksnes.
Precizakiem aprékiniem nepiecieSams noskaidrot celmu koksnes vidgjo
reducéto blivumu sadalijuma pa koku sugam.

2. lzmantojot multifunkcionalas iekartas prototipu MCR 500, darba procesa
konstatétas nepilnibas, kas ietekmé kop€jo tehnikas noslodzi. Atseviskas
tehnologiskas darbibas tie$a veida negativi ietekmé celmu izcelSanas,
saplésanas un purinasanas razigumu. P&c izméginanumiem ar MCR-500
pirmo prototipu veikta virkne uzlabojumu - cilindra stiprinajuma
pazeminasana, konstrukcijas izturibas palielinasana, hidropievadu
Skersgriezuma palielinasanas un augsnes gatavoSanas agregata virsmas
palilinasana. Péc uzlabojumiem MCR 500 otra prototipa raziguma
pieauguma par 59%, sashiedzot CBI raZigumu, papildus nodrosinot
iespgju kvalitativi veikt augsnes sagatavoSanu.

3. Celmu rausanas — pléSanas procesa negatavojot augsni, konstatéts:
stradajot ar prototipu MCR 500 II, lietderibas koeficients ir 19.9 (pie
raziguma 13.1 m® hl); savukart, stradajot ar CBI iekartu, lietderibas
koeficients ir 22.2 (pie raziguma 13.6 m® h'). Ar izstradato prototipu var
veikt celmu rau$anu un augsnes sagatavoSanu, jo pacilu gatavoSanas
procesd ir svarigi apgriezto velénu piespiest, nodrosinot 0.4 m? liela
mineraliz€ta lakuma izveidosanu. Raujot celmus ar MCR 500 Il un
papildus gatavojot augsni, razigums samazinas par 15%, sasniedzot tikai
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11.1m®*h? (lietderibas koeficients celmu rau$anai un augsnes
gatavoSanai ir 16.9).

Saskana ar pétfjuma rezultatiem, efektivakais risinajums celmu koksnes
izstradei ir celmu rauSana-pléSana ar MCR 500 II iekartu, celmu
pieveSana ar vidgjas klases forvarderu, pieméram, John Deere 810D,
drupinasana starpkrautuvé, izmantojot lieljaudas drupinataju CBI
Magnum Force 6800P vai ekvivalentu, un drupinatas koksnes nogadasana
pateérétajam ar autovilcienu, kas aprikots ar puspiekabi, piem&ram,
Volvo FM. Pétijuma kopgjais degvielas patérin$ celmu razo$ana bija
6.82 L m?3, kas veido pozitivu lietderibas koeficientu 3.9, t.i., energijas
paterin$ kurinama razoSanai ir 3.9 reizes mazaks, neka paterétajiem
piegadatas energijas daudzums.

Bitisku degvielas patérina samazinajumu kurindma razo$ana var panakt,
uzlabojot celmu rausanas - pléSanas darba metodi (sapléSot vid€ja un licla
izm@ra celmus vismaz 2 dalas, ko var ertak novietot gan forvardera kravas
telpa, gan celmu krautng). Celmu plésana uzlabo arl celmu krautnu
kvalitati (pamatnes platums ne lielaks par 3 m). Izmantojot drupinataju
AGK, var nodroginat $keldu iekrausanu tiesi autovilciena. Sie risinajumi
teorétiski lauj samazinat degvielas paterinu vismaz par 35%, ka arT lauj
butiski samazinat celmu kurinama razosanas izmaksas.

Celmu rauSanas-pléSanas procesa nodroSinasanai ieteicama darba
metode, kura paredz tehnikas parvietosanos starp tehnologiskajam
brauktuvém, celmu rausanu veikt no labas uz kreiso pusi attieciba pret
parvietosanas virzienu, tadgjadi optimizgjot laika patérinu un paaugstinot
razigumu. Izrautos celmus vajag nokraut nelielas kaudzes 4-8 m attaluma
no tehnologiskas brauktuves ass, tadgjadi nodroSinot optimalus darba
apstaklus arT forvarderam. Celmu ravgja darba pozicijas maina
jaorganizg, parvietojoties celmu rausanas virziena par 1 - 5 m, un tadgjadi
maksimali izmantojot tehnikas prieksrocibas, jo ar izlici 4 m var izraut
celmus ar diametru 1idz 43 cm, un reiz€ nepasliktinat tehnikas
Skersstabilitati. Mineralaugsnes piejaukumu nopurinasanai
rekomend€jama celma sadali$ana vairakas dalas augstu virs zemes ta, lai
parskeltie celma fragmenti atsistos pret zemi.

Pétfjuma izstradata tehnologiska iekarta un darba metodes celmu rausanai
un augsnes sagatavoSanai, ka arT aprekinata kop&ja energobilance, kas
norada uz ST resursa ieguves potencialu, bet papildus nepiecieSams
izvertet ekonomisko ieguvumu, ieklaujot aprékina mezsaimnieciskos
ieguvumus — eglu audz&s samazinat saknu trupes (Heterobasidion
annosum (Fr.). Bref.) izplatibas risku, atteikties no 1. agrotehniska
kopsanas, jo platiba, kur gatavotas pacilas, ta nav nepiecieSama, ka art
samazinat priezu liela smecernieka (Hylobius abietis L.), meza
maijvaboles (Melolontha hippocastani Fabr.) un eglu liela sakngrauza
(Hylastes cunicularius Er.) bojajumus.
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Promocijas darba autors izsaka pateicibu zinatniskajiem vaditajiem
Dr.sc.ing. Ziedonim Sarmulim un Dr.silv. Andim Lazdinam par sniegtiem
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Izsaku pateicibu kol€giem, kuri mani atbalstija.

Visbeidzot izsaku vislielako pateicibu savai gimenei par moralo atbalstu
darba izstrade gaita.
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1. GENERAL DESCRIPTIONS

1.1. Topicality of theme

In general, the energy sector closely interacts with other sectors whereas the
price of this resource might significantly influence the economic growth of the
country. Politically, the bioenergy use has been prioritized (Pavluts, 2013), thus
increasing the self-sufficiency of renewable energy resources (RER). It is known,
that it is possible to replace the use of natural gas consumption for energy with
renewable energy resources, including fuelwood. The fuelwood is a local-origin
renewable energy resource, and that might be considered as an advantage. The
fuelwood proportion of use in Latvia reaches 31% with a positive increase from
46 thousand TJ in 2008 to 59.5 thousand TJ in 2017.

There is a lack of scientific studies which deals with an assessment of energy
efficiency for stump wood production. More detailed, additional information is
needed to evaluate the amount of energy that has to be consumed during the
process of stump wood extraction. It is also important to known specifical
technical parameters and characteristics of the technical process for involved
stakeholder groups, for instance, potential service providers, forest machine
operators as well as policymakers and non-governmental organizations which
are involved in the sustainable bioenergy certification process. This will help to
deliver objective information to all stakeholders for several aspects related to
different stump bioenergy extraction.

In 2011 the within the scope of this study the stump lifting head prototype,
MCR-500, providing the stump-pulling and splitting function, as well as soil soil
scarification (by making mounds and scarified furrows), thus improving the
following forest regeneration quality.

1.2.Research aim, tasks and thesis

Aim of the thesis.

To develop the basis for technology allowing the processing and
transportation of stump bio-fuelwood to landing sites in coniferous tree felling
sites with minimum total used energy in the entire technological process.

Objectives of the study:

1. to assess the potential resources of stump wood in Joint stock company

,,Latvia’s state forests” (LVM’s) coniferous tree felling sites;

2. to create the basis for technical requirements for the development of

efficient design of the stump lifting technology;

3. to analyze opportunities to improve the energy balance of stump

extraction, where a combination of stump extraction and soil scarification
for the forest regeneration is considered;
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4. to develop the technology for reducing energy consumption in stump
biofuel production and transportation to a landing site.
The hypothesis of the study.
The use of stump wood to increase the share of renewable resource because
the energy balance of the entire technological process in positive.

1.3. Scientific novelty and applicability of the study

Novelty.
PhD thesis focuses on novel technological solutions for stump lifting and

splitting, which includes the design and production of the stump lifting device,
as well as approbation and the development of working methods. This is the first
instance when stump lifting and splitting device has been developed in Latvia
and the analysis of energy efficiency of the entire technological process is
elaborated.

1.4. Approbation of the study

The main results of the thesis are published in 10 scientific papers and, based
on research results, two Latvian patents have been elaborated and approved. In
addition, results have been presented in five international conferences.

1.5. Structure and volume of thesis

The structure of the doctoral thesis is subject to the study tasks proposed in
the study. The thesis contains three chapters. The first chapter deals with the
analysis of the potential of the use of wood biomass and different extraction
techniques of stumps. The second chapter describes the empirical material and
methodology of assessment of stump wood energy resources whereas a result of
the study applied methods and techniques for stump pull and crushes combined
with soil preparation have been developed. The third chapter analyses the study
outcome in compliance with the aim and research tasks of the doctoral thesis.

The thesis contains 75 pages, information has been summarized in 19 tables
and 29 figures and 94 literature references have been used. Seven main
conclusions and recommendations are are elaborated on the basis of this study.
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2. MATERIALS AND METHODS

2.1. The characteristics of empirical material

The first task addressed the assessment of available stump wood energy
resources made using data from the National forest inventory (NFI). Further,
calculation of stump biomass was performed using equations presented by
J. Liepins.

To accomplish the second task, the approbation of approaches and technical
requirements on stump pull and crush was evaluated. The elaboration of
equipment for stump pull and crush is based on theoretical mechanical
calculations. Also, fieldwork measurements are performed for proposed
equipment approbation. However, it is important to mark all stumps before their
extraction. Further, it is critical to provide all process according to planned work
methods for stump-lifting and splitting. Also, improvements in equipment and
technology reflect changes in productivity by elements of work, where
descriptive statistics are used to compare indicators.

To accomplish the third task (improvement of the energy balance of stump
extraction, where a combination of stump extraction and soil preparation before
forest regeneration is considered), it is crucial to select appropriate felling areas
where different soil preparation approaches can be compared. The assessment
criteria are prepared planting number and quality, productivity, and consumed
fuel. It is feasible to use descriptive statistics to compare data sets.

The fulfillment of the fourth task is based on the technological process on
stump extraction and transport technology where the following assessment
criteria are used: productivity (by work elements) and fossil energy consumption.
Descriptive and inferential statistics is used to compare data sets.

Study sites were selected in areas where clear-cutting was performed three
years before planned stump extraction and the following additional criteria were
used: species composition (spruce dominant stands) and forest type (moderate
rich mineral soils with optimal water regime). Further empirical data process is
related to fieldwork studies where monitoring of working time and other relevant
indicators are listed separated by work categories.

2.2. The methodology for assessment of stump wood energy
resources

The assessment of available stump wood energy resources was made using
the data from the National forest inventory (NFI). All calculations have been
done following the previously developed method for stump biofuel assessment
at the stand level (Lazdin$ et al., 2014) for the following species: Scot’s pine
(Pinus sylvestris L.), Norway spruce (Picea abies (L.) H. Karst.), birches (Betula
pendula Roth. and Betula pubescens Ehrh.) and common aspen (Populus tremula
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L.). To calculate stump biomass, initially, forest stands were categorized by age,
selecting those sites already reached the regenerative felling age according Law
on Forests, Section 9 (Ministru Kabinets, 2010). Other site selection parameters
were related to the sustainable use of forest lands, for instance, forests with
mineral soils in the Vacciniosa, Myrtillosa, Hylocomiosa, Oxalidosa,
Aegopodiosa, Myrtilloso-sphagnosa, Myrtilloso-polytrichosa, Dryopteriosa
stand types. Also, forest types with drained mineral and peat soils such as
Vacciniosa mel., Myrtillosa mel., Mercurialiosa mel., Vacciniosa turf. mel.,
Myrtillosa turf. mel. and Oxalidosa turf. mel.) were considered in the selection
(Lazdins et al., 2014). Forest stands with restrictions on thinning or final felling
were excluded from the selection. The evaluation of stump resources was
performed based on Latvian National forest inventory (NFI) data. Underground
biomass and stump of each tree is calculated and later extrapolated to a sample
plot level were calculated using the elaborated equations elaborated by J. Liepins.

The calculation of stump biomass in the further analysis of productivity
indicators are established on algorithms presented by Marklund and Repola to
ensure data comparability between the studies.

2.3. Approaches for stump extraction and preparation of technical
requirements

In total three work methods were tested in stump extraction. The first work
method is related to the CBI stump extraction machine. The new prototype
device MCR 500 was elaborated within the study and the following work
methods are tested: conventional stump extraction method supplemented with
soil preparation using mounding method. Different methods are related to
technical and technological improvements of the MCR 500 device (method 2 —
application of the 1% prototype and method 3 — application of the 2" prototype)
to ensure a higher productivity rate and better quality for soil preparation.

Stump extraction with CBI stump extraction machine. Stump extraction and
splitting is done while excavator moves along technological trails. Thereafter,
stump piles are organized in parallel to the trails. Stumps are pulled from the
right side, forming a zone, perpendicular to the direction of movement (Fig. 2.1.,
the left side). However, stump extraction begins with the closest stumps and
continues towards the furthest ones. Stump extraction in this zone is completed
when the machine has extracted the last stump with maximum crane extend.
Further, the excavator is moved forward and to the left side on the next zone
where stump extraction begins, respectively, with the nearest one.

Stump exctration with MCR 500 device. The excavator moves between
tecnological trails (Fig.2.1., in the middle). Stump extraction is done from right
to left side, and perpendicular to the direction of movement. Stump extraction
begins perpendicular to the direction of movement, forming the 1%t zone. The first
stumps are pulled out further away from the machine with the maximum crane
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extent and loaded parallel to the trails whereas at the same time soil preparation
is done behind the excavator. The relatively small stump piles are arranged in
parallel to the direction of movement, 4-8 m away from the axis of technological
trails. When stumps are pulled out in the direction of movement then excavator
moves 1-5 m forward and prepares soil behind it. If the pulled stump diameter is
larger than 25 cm, then additional actions are needed, such as stump splitting into
several parts and dropping of splitted stump parts to reduce the amount of mineral
admixtures. After stump exctration the machine moves forward 5 m.

The elaborated stump extraction head fulfill following criteria:

¢ anew and multifunctional device with improved and advanced technical
properties (mass, overall size, and dimension, construction, etc.). At the
same time it is possible to realize multiple functions, such as stump
extraction and soil preparation using mounding method,;

e with a total mass of up to 1600 kg, which is based on theoretical
mechanical calculations and performing theoretical computing, as well as
modeling construction elements by the proposed loads during stump
extraction and soil scarification operations;

o the original construction permitting creation of mounds with flat surface;

e suitable to compact the created mounds using the base part of the
mounding plate (LV 14769 B, 2014).

The design of work order for the different methods in stump extraction is
provided in Fig. 2.2. It is possible to use this scheme for determining the stability
of an excavator type stump-pulling during the stump extraction, as well as
estimated the productivity where use of different work methods is taken into
account. For instance, support surface, a diameter of the stump, stump height and
location, and technical parameters of the base chassis.

Different parameters of the stands and stump extraction operations are
obtained In this thesis, for instance, the diameter of the stump, dependence on
stump gravity on the soil surface, the direction of action on stump gravity, the
hydraulic manipulator crane distance and track width. It has been found that a
higher extend of the crane significantly reduces the operational capacity of a
stump-pulling device. For instance, at the minimum crane extend (Lmin= 4 m)
with the vertical power of stump-pulling it is possible to extract stumps with a
diameter of 43 cm without reducing the transverse stability. When the extend of
the crane increases 2.5 times, the maximum extractable stump diameter decreases
to 11.7 cm (Fig.2.3).

In addition to the abovementioned parameters, the following stump extraction
approach is considered:

o vertical movement of the technical device (¢=90°);

e a hydraulic manipulator is in the position where ¢=0° or ¢p=180°;
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e combining movement of the technological device (0°<@<90°), if the
movement is from excavator to the direction of working device (away
from an excavator, 90°<@<180°).

It has been found that stump-pulling with the vertical movement has the
lowest response, but it is not efficient under exploitation conditions.
Furthermore, by pulling stumps in this way, moving the excavator on the
horizontal surface at the degree of 30° toward the supporting surface of the base
machine is achieved that reaction (R) under track increases 2.16 - 6.25 times
(stump diameter increases from 5 to 10 cm). The achievements from the same
computing show that the crane can work with stumps with up to 25 cm in
diameter.

Results show that the safest transverse stability is achieved on a horizontal
surface when on excavator base stump-pulling device might pull stumps with a
diameter of up to 50 cm and more. For this, the limiting factor is the soil adhesion
to the surfaces of the entire machine.

2.4. The development of methodology for the improvement of energy
efficiency

The monitoring of working time by elements throughout the stump harvesting
process is based on recording the end time per each working element. When
starting to monitor time, the responsible person presses the “Start” button (starts
the time recording) and during the work, all stages of work elements are fixed.
Energy efficiency and productivity of the stump extraction was performed by
work operations, from which most efficient was selected for the further
interpretations, based on computing made in this study. Each operation is
analyzed separately. Also modeling of the energy consumption in the extraction
and forwarding of stumps to the roadside landing were estimated. Also, the
variation with the lowest energy consumption has been identified.

To calculate the total energy capacity and to determine the total potential
energy return, in this study, the equation, where the total energy balance indicates
the recoverable energy that can be achieved from the total energy supplied is
used (Wasiak, 2018). The total efficiency factor is calculated based on the energy
that can be acquired in comparison to the total energy consumed.

3. THE ANALYSIS OF RESULTS AND DISCUSSION

3.1. Availability of stump resources in Latvia
The total renewable energy resources of the stumps correspond to 142 TWh

of primary energy where part of it, regarding forest management restrictions, is
located in forest lands where management activities are prohibited. Most of the
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theoretically available biomass resources of stumps consist of Scot’s pine (45%),
Norway spruce (36%), birch species (15%), and that for common aspen — 4%. It
has been concluded that according to the calculations based on the forest site
types where stump extraction theoretically is possible and other limitations 35%
of the forest areas are not accessible for stump extraction, because of the forest
management restrictions. The potentially available amount of stump wood is
equal to 103 TWh primary energy, where the most of the biomass (55%) is
located in forests with dry mineral soils. More than a half of the potentially
available resources of stump wood are located in state forests — 68%. The amount
of annually technically available stump wood resources is 349 GWh of primary
energy. According to the data from the Central Statistical Bureau in Latvia, in
the report “Fuel consumption and heat produced in heat plants, TJ ” in 2018,
7690 TJ of wood chips were needed to provide the functionality of heat plants.
In the case of using stumps for energy production, it would provide 16.3% of the
demands of the total energy resource.

3.2. Analysis of productivity in the technological process of stump
wood preparation

In total 3022 stumps have been measured in areas where it is planned to carry
out stump-lifting and splitting activities. The average diameter of the stump is
33.5+ 0.4 cm and height is 26.5 = 0.4 cm in the areas where stump harvesting
was performed with CBI. In the areas where stump extraction was done using
MCR 500, the average diameter of the stump was 33.6 + 0.2 cm and height —
33.1+0.4 cm. The marked stump characterization was based on measurement
data, which were collected before stump extraction. From all measured stumps,
75% corresponded to conifers (Norway spruce — 59% and Scots pine — 16%).

During the study, a total of 2720 stumps were extracted. The average
diamater of stump when working with CBI stump extraction machine is
33 + 11 cm, with MCR 500 — 33 = 9 cm and with MCR 500 Il —38 + 10 cm. The
average time consumption for one tgry matter is 0.3 h of productive working time.
The greatest time consumption is related to stump pulling activity out of soil. It
takes approximately 33% from the total working time (Fig.3.4.). Other activities
takes less time — turning the excavator machine (12%), the movement of
excavator machine (11%), the stump crushing activity (11%), the performance
of mineral soil shaking (11%) and activity of the positioning of the head (10%).

The consumption of productive working time differs significantly between
the harvesting methods (p=0.01). This is explained by improved efficiency of the
working process, thus reducing the time required to extract 1 tary mater Of StUMPS.
For instance, while working with CBI stump extraction machine, the preparation
Of 1 tary matter takes 0.19 h, but working with MCR 500 device — 0.34 h. It would
be not correct to extrapolate obtained data because during collection empirical
data, the excavator's hydraulic pump of MCR 500 did not provide sufficient oil
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flow and the splitting knife was not able to split stumps. After technical
improvements and upgrade of the method 2, the productivity rate is increased to
0.19 tary matter Per hour, similar to the rate accessed with the CBI head. In addition,
it has to be taken into account that equipment was repaired to ensure the required
oil flow. For further calculation the work productivity rate is modeled at different
levels of technical readiness.

The achieved average productivity rate with CBI equipment is 13.6 m® h'?
and that for MCR500 — 7.8 m®h®. When comparing the working time
consumption by work elements the lower indicators (an increase of working time
consumption with negative sign), was determined by comparing both devices, such
as stump extraction — 69%, stump crushing — 533%, stump shaking — 67%, and
stump dropping — 137%. To increase productivity, the following improvements
have been made in the stump-lifting and splitting equipment:

1. lowered cylinder mounting; according to the theoretical mechanical
calculations, when reducing shoulder length then improvements in
splitting knife efficiency and speed have been observed. This significantly
affects productivity;

2. increased construction resistance toward side pressure. As a result, the
improvements in technical conditions have been observed, thus reducing
downtime during repairs due to replacement of splitting blade control arm
bushes;

3. enhanced hydraulic cross-section; This allows to connect device to a high-
power hydraulic drive system, thus reducing the resistance of oil flow in
the system, and the cylinder can operate faster;

4. several improvements are related to the soil preparation module, which
allows increased productivity and overall work performance.

After several improvements in work method and the equipment field studies
demonstrated that the MCR 500 Il prototype significantly decreased the
consumption of working time per produced unit compared to MCR 500. The
average productivity rate working with MCR 500 Il device without soil
preparation reaches 13.1m3h'!, but with the addition soil preparation -
11.1méht

The productivity rate of CBI (Fig. 3.8) and MCR 500 Il (Fig. 3.9) is similar
(p=0.16). Comparing productivity rate for stump exctraction with similar studies
in Nordic countries, where comparison of different stump pulling heads is included,
this study in Latvia has shown remarkably higher productivity rates. For instance,
several studies in Nordic countries shows average productivity rate from 7 to 10 m?
per hour (Laitila et al., 2008; Athanassiadis et al., 2011; Moffat et al., 2011;
Palander et al., 2015; Karh& & Mutikainen, n.d.). It has to be taken into account
that abovementioned rates are indicative, because additional factors such as soil
type and stump diameter significantly affects productivity rate. In Latvia, field
trials are implemented in study sites on mineral soils with stump diameters
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significantly larger compared to the studies in Nordic countries, which are also
focused mainly peat soils.

To calculate productivity rate for transportation, the monitoring of working
time was exctracted from seven felling areas where in transportation of 107 loads
where analyzed. In general, the average transportation distance in the study sites
was from 140 m to 850 m.

According to the study results the productive time of the forwarder in
transportation of stumps is from 88% to 100%, compared to other transportation
works in Latvia, where this rate is lower. Other studies using equivalent technical
units, demonstrates the proportion of productive work time ranging from 77% to
94% (Rozitis et al., 2017). During the study, the most of the non-productive time
is related to technical repairs, maintenance and resting time for machinery
operators during working hours. Theoretically, productive working time should
not exceed 67% if a shift lasts 8 hours or more. This can be explained by the
resting time of the operators during working hours, assuming that the operators
work 45 minutes following by short breaks lasting for 15 minutes. This
assumption is included in further calculations of the productivity ratee. In several
research papers and reports abovemntioned information is specified as an
indicator G15 (Talbot et al., 2003) or E15 (Sirén and Aaltio, 2003), which
characterize the lenght of the break per hour.

Achieved productivity rates in experimental felling areas for stump
transportation varies from 3 to 12 m® h'* during productive work time. It has been
found that relatively low productivity rates are related to inefficient use of the
load tank of a forwarder. Also, the lack of experience by the excavator operator
and avoidance of stump crushing during the operational work has been
considered as a downside.

During the forwarding of stump biomass to the roadside landing, it is
necessary to take into account partially filled loads because it is almost
impossible to stack stumps in a container-type loading space. In the experimental
study sites, the load density coefficientof stump wood is 0.4, and the forwarding
productivity in this study are 3.5t ary mater W1 The distance of stump wood
transporation to the intermediate loading pile is 7 km. Other studies have shown
that the optimal transportation distance is considered up to 10 km where the
lowest cost per km was observed. This study concludes that stump transportation
to the intermediate landing site from the roadside landing significantly increases
the total cost of biofuel production, thus making this type of biofuel
uncompetitive. If logging residue and branches from regenerative felling or
thinning are available, this production phase makes stump extraction
incompetitive. To reduce costs stump comminution should be done in a roadside
landing.

The stump comminution in the experimental fieldwork was performed with
several crushers, including Magnum Force 6800P, demonstrating productivity
rate of 110 tons per h, and Doppstadt 441SM, demonstrating productivity rate of
26 tons per h. This study has shown lower productivity rates compared to similar
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studies (Irdla et al., 2017), which is explained by the fact that the most of the
stumps were not splitted and additional efforts were necessary to get them into
the grinder. To ensure high performance during the whole production ccle it is
necessary to split stumps with average and large diameter into at least four parts
which will allow increasing productivity during forwarding and comminution
(Anerud, 2012).

3.3. Assessment of soil preparation

In this study, soil preparation was performed using mounding method and the
main quality criteria is number of suitable planting spots (Zimelis et al., 2012).
In the control sites, where the soil was prepared with disc trencher, 1352 + 50
planting spots per ha was produced. The stump-pulling device produced
1250 * 72 plantings spots per ha. The scarification of the soil with disc trencher
took 89 + 18 min. ha’l, but using a stump-lifting device — 229 + 21 min. ha. The
total productivity rate of MCR 500 |1 decreased by 15% due to soil scarification
and reached 11.1 m® h't. Estimated fuel consumption when using disc trencher is
18 L ha! (excluding the transportation of machinery between sites, in addition to
38 L of fuel is needed for each 100 km), but in the case when using excavator,
the fuel consumption for soil preparation is 49 L ha™.

3.4. The balance of development energy consumption of extraction
of stumps

To calculate the consumption of energy during various operations in the
stump extraction and processing, the total energy consumptions and most
effective stump-pulling and transportation options was determined.

While working with Komatsu PC210LC, which is equipped with CBI stump-
lifting device, the whole technology cycle including comminution and road
transport, the energy consumption decrease rapidly if the diameter of the
extracted stumps reaches 20 cm. Comparison of the abovementioned while using
of the MCR500 Il prototype demonstrates similar decrease of energy
consumption at the same diameter threshold. Comparing the fuel consumption
while extracting the same size stumps (diameter 42 cm), CBI stump-lifting
device demonstrates fuel consumption of 0.91 L m-3, but MCR 500 |l prototype
—1.05 L m3, Itis important to highlight that technical readiness of the both heads
is different, therefore MCR 500 Il after further improvements of work method
and construction might reduce fuel consumption.

The impact on forwarder productivity on the overall energy efficiency of
stump biofuel production was not significant, if the productivity exceeded
5m3h! (Fig. 3.15). In this study, the fuel consumption using the John Deere
810D is 14.3 L h'%. The fuel consumption of the Logset forwarder is calculated
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according to the Loffler formula and, taking into account its engine power
(170 hp), the fuel consumption is 18.5 L ht. For stump forwarding with Ponsse
Bufallo, the recorded fuel consumption is 16.8 L h™L. In simalar studies in Latvia
testing of various support chains the observed fuel consumption for offroad
forwarding of logs can reach 17.7 L h'! (Lazdins, 2017).

The fuel consumption at the same productivity rate (7 m® h'l) while using
John Deere 810Dis 2.05 L m™, using Ponsse Gazelle - 2.40 L m and that using
Logset 4F - 2.65 L m®. Fuel consumption decreases below 1L m3, if the
productivity rate reaches 15 m® h™2. The most important technical parameters are
engine capability and load capacity.

Transportation of logs from the roadside landing site to and intermediate
landing located 7 km awayrequires 1.29 L m of fuel when Scania R480 was
used and 1.52 L m? if Scania R500 is used. The calculations is based on the
machine monitoring based assumption that the fuel consumption for
Scania R500 was higher on average by 19% in comparison to other trucks.

In this study the fuel consumption of stump grinder CBI Magnum
Force 6800P is 0.69 L m™ on average andof the Shredder DW2060 — 0.56 L m3.
It has to be taken into account that in the second case sieving machine Doppstadt
441SM is included in the calculation with the average fuel consumption of
1.31 L m?3. Therefore the total fuel consumption for the abovementioned
machine set reaches 1.87 L m™3,

Comparing the fuel consumption of container trucks Scania 380 and Scania
420, both trucks have similar fuel consumption - on average 1.87 L m?.
However, the fuel consumption of Scania R500 and Volvo FM is lower (on
average 152 Lm?® and 1.40L m?3, respectively). Differences in fuel
consumption correlates with the engine power.

In accordance with study results, the most effective technological approach
for stump wood harvesting is to plan stump extraction with MCR 500 11, because
it provides opportunity to prepare soil in the felling sites and to improve water
regime, and stump forwarding with John Deere 810D or similar middle-class
forwarder. If stump transportation to the intermediate landing site is necessary,
then the transport with the lowest fuel consumption might be chosen. Regardless
of whether crushing is done at a readside landing or intermadiate landing site, it
is important to make narrow and high piles of stumps so that they are easily
accessible by a truck or forwarder crane. The most important criteria for selection
of stump transportation tracks is metal cargo trailer (it is related to durability,
because loading of stumps with a weight up to 2 tons in a cargo might damage
the container).

The transport must be equipped with a manipulator for the loading stumps or
loading might be done with a forwarder, which adds complexity to organization
of works.

The overall fuel consumption for stump wood grinding and transportation
(without soil preparation) is 6.82 L m, and the total amount of energy efficiency
factor is 3.9. This explains the fact that the amount of energy delivered to end
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users with stump biomasss will be much higher compared to the amount of
energy consumed during extraction, processing and transportation of stumps. In
these thesis also several proposals for furtherreduction of energy consumption in
the production process have been proposed. For instance, when stump grinding
is done at roadside landing site, wood chips should be delivered directly to the
truck significantly reducing fuel consumption. It is also necessary to improve the
quality of stump-lifting and splitting performance which will increase the
efficiency of transportation and stump grinding.

4. CONCLUSIONS AND SUGGESTIONS

1. The evaluation of the potentially available stump wood resources is based
on the classification of forested ecosystems and legal restrictions
determined availability of this resource. According to the NFI data 103
thousand TWh of primary energy resources from stumps are stored in the
territory of Latvia. Technically, annually accessible amount of primary
energy in stumps corresponds to 349 GWh, which can replace 16% of total
fuelwood consumed in the country. It is also necessary to determine more
accurate calculation where distribution by tree species and average
reduced density of wood is included.

2. The study results demonstrated that several disadvantages of the first
prototype of the MCR 500, which significantly influence the overall
productivity and technical readiness. Numerous improvements were
implemented in the 2" prototype, for instance, lowering of the cylinder
mounting, increased durability of the construction, enhancing hydraulic
cross-section, and increasing the surface of the unit for soil preparation.
After the abovementioned improvements, the productivity MCR 500 11
prototype increased by 59% reaching the productivity rate of the CBI
device. Additionally, the soil preparation is possible with MCR 500.

3. During the stump-lifting and splitting while working with MCR 500 11
prototype without additional soil preparation, the amount of energy
conversion efficiency is 19.9 (the productivity rate is 13.1 m®h?).
However, while working with CBI device, the energy conversion
efficiency is 22.2 (the productivity rate is 13.6 m® h). The 2" prototype
pf MCR 500 can extract and split stumps and prepare soil for the forest
regereation by making compacted mounds with surface area of 0.4 m?.
Soil scarification decreases overall productivity by 15% reaching
11.1 m® h' (energy efficiency factor combining stump extraction and soil
preparation is 16.9).

4. As a result of this study, it is suggested that the most effective
technological approach of stump extraction using MCR 500 Il device and
stump forwarding is ensured by medium-class forwarder (for instance,
John Deere 810D used in the study). Furthermore, for stump comminution
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it is suggested to use CBI Magnum Force 6800P (similar option might be
considered) where the delivery of grinded wood to the final consumer
would be performed by the truck which is equipped by semi-trailer (in this
study Volvo FM truck is used). The findings show that the total amount of
fuel consumption for stump production reaches 6.82 L m3, which provides
a positive energy efficiency factor, respectively, 3.9. In other words
energy consumption for fuelwood production is 3.9 times lower than the
amount of energy supplied to consumers.

. To achieve a significant reduction in fuel consumption during the fuelwood
production process, improving methods for stump-lifting and splitting are
essential (the medium and large diameter stumps should be split at least in
2-4 parts which leads to much higher efficiency during forwarding and
comminution). Also, stump splitting improves the quality of stump loading
at a roadside landings ensuring that the base width of a pile is not exceeding
3m). When stump comminution is done at a roadside landing site,wood
chips should be loaded directly to the truck. Theoretically, these solutions
would reduce fuel consumption by at least 35%, as well as the cost of stump
fuelwood production would be much smaller.

. In this study, the efficient working method for stump-lifting and splitting
is elaborated. Specifically, the machinery movement between
technological trails is essential, while stump extraction is performed from
the right to the left side from the direction of movement. This allows
optimizing working time and increasing productivity rate. The relatively
small stump piles are arranged 4-8 m away from the axis of technological
trails which provides optimal working conditions also for the forwarder.
The change of the working position of the machine can be organized by
moving in the direction of stump-pulling by 1-5 m while acquiring the
advantages of the technical device because with lifting head 4m it is
possible to extract stumps no larger than 43 cm (diameter). Also, this
provides the technical device transverse stability. Furthermore, the
following actions are recommended for mineral particles removal
performance: the stumps might be splitted in several parts relatively high
above the ground surface where the broken fragments of the stump would
hit the ground. If the result is not sufficient then stump dropping might be
repeated several times.

. The eloborated stump extraction device and working methods for stump
extraction and soil preparation ensures competitive performance. However
additional beneficial forest management aspects of stump extraction
should be evaluated further. For instance, the reduction of the risk of
spreading of root rot (Heterobasidion annosum (Fr.). Bref.) in spruce
stands, reeduction of costs of early tending in areas where mounding
method is applied for soil preparation, reduction of risk of damages by
Hylobius abietis L., Melolontha hippocastani Fabr. and Hylastes
cunicularius Er.
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