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Kopsavilkums. Pétijuma, izmantojot MeZa statistiskas inventarizacijas (MSI) datus,
izvértéta par 20 cm resniku celmu sausas koksnes biomasa (turpmak teksta — biomasa) eglu
audzes. Celmu pazemes dalu, lielo saknu (caurmérs lielaks par S cm) un siksaknu biomasa
noteikta, pielietojot Zviedrija izstradatus biomasas vienadojumus. Virszemes celmu dalas
biomasa noteikta, pienemot, ka celmu vidéjais augstums ir 30 cm, bet nosacitais egles kok-
snes blivums — 400 kg m™. Izstradei pieejamas biomasas aprékina pienemts, ka iegata celmu
un lielo saknu biomasa. Tehnologiskie zudumi - celmi uz kokmaterialu pievesanas celiem
un lapkoku celmi — pienemti ka 38 % no izstradei pieejamas celmu biomasas. Koku caur-
méra dalijuma modelé$anai izmantots beta sadalijjums. Celmu izstrades iespéjas apreé-
kinatas teritorijim, kas sasniegu$as galvenas cirtes vecumu (81 gadu) vai arl gadijuma,
ja valdaudzes koku caurmeérs atbilst nosacijumiem par minimalo koku caurméru kail-
cirtes veik$anai. Aprékinos piepemts, ka celmu ieguvei pieejami visi meZa tipi, iznemot
grini, purvaju, virSu areni un vir§u kadreni. No resursu aprékina izslégtas tas teritorijas,
kuras noteikts kailcirtes aizliegums. Izmaksu aprékini veikti atbilstosi LVMI Silava
pétljumu rezultatiem par celmu izstrades darba razigumu un izmaksam, stradajot ar
MCR-500 celmu ravéju, aprékina ieklaujot ari augsnes sagatavosanai patéréjamo laiku.

Par 20 cm resnaku celmu un saknu tehnologiski pieejama biomasa, péc kailcirtes
un meZa tipa kritérija pieejamajas eglu audzés, ir 48 tonnasha™'. Lielaka tehnologiski
pieejama celmu biomasa ir par 100 gadiem vecakas eglu audzés.

Tehnologiski iegastama par 20 cm resnaku celmu un saknu biomasa izstradei piemé-
rotas platibas ir 3213 takst. tonnas. Tehnologiski pieejama biomasa parsvara koncentréta
61-80 gadus vecas eglu audzés.

Nozimigakie vardi: celmi, biokurinamais, resursi.
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Abstract. The first scientific studies on stump extraction and forest regeneration
after stump harvesting in Latvia are dated with the first half of 19th century (Bode, 1840).
When Latvia became independent in the beginning of 20th century the issues related
energy self-sufficiency came to the research agenda and scientists turned to stumps as an
alternative source of biomass. Just like nowadays, two opposite opinions on stump extraction
are proposed nearly 100 years ago; for instance, O. Ceichners in 1929 argued that stump
extraction using explosives provoke erosion and leaching of nutrients from soil. He recommen-
ded to forbid stump extraction in Latvia (Ceichners, 1929). At the same time this researcher
and some of his colleges approved that stump extraction promotes natural regeneration of
pine stands and has no negative impact on next generation of trees (Vasilevskis, 2007).
K. Lange was one of the most active advocates of stump harvesting. He argued that leaving
of stumps for decay in felling sites in less forested areas in is wrong management approach
and recommended to use stumps for biofuel production (Lange, 1925). Latvia produced
annually 7-30 thousands of m3 of firewood from stumps before the World War II. It
was recommended by the State forest service in 1939 to use for stump extraction all clear-fel-
ling sites. At that time stumps were extracted using explosives or special heavers. The produc-
tivity norm for stump extraction was 2-2.5 stacks or 1.6-2 m® per day (Vasilevskis, 2007).

When Latvia became independent again 24 years ago, stumps did not appeared
in projections of heat and power producers for a longer time because other, considerably
cheaper sources of biomass (firewood, harvesting and wood processing residues) were
available, but increase of demand and price of biofuel changed the situation and production
of biofuel from stumps started again (Lazdins, 2006). The studies on stump extraction in
clear-felling sites were implemented in 2006 in cooperation with the Forest Research
Institute of Sweden Skogforsk. Productivity of stump extraction in these studies was
10.4 m?® per hour, respectively, about 40 times higher than 60 years ago (Lazdin$ & Thor, 2009).

According to earlier studies on application of the sustainability criteria proposed in
the Renewable energy resource directive to solid biomass, the annual stump extraction potential
in Latvia is 1.6 million tonnes annually, including 1.0 million tonnes of technologically
accessible biomass, if the felling stock remains in a level of 2008. The total area accessible
annually for stump extraction is 35.8 thousands ha (Adamovi¢s et al., 2009).

The scope of the study is to evaluate biomass (dry mass) of stumps with diameter above
20 cm in spruce stands in Latvian state forests on the base of the National forest inventory
(NFI) data. Biomass of below-ground part of stumps, coarse roots (diameter above S cm)

? Latvian State Forest Research Institute “Silava’, 111 Riga str., Salaspils, LV-2169, Latvia;
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and fine roots is determined using allometric biomass equations elaborated in Sweden.
Above-ground biomass of stumps is estimated considering that trees are cut down at 30 cm
height above ground level and density of wood is 400 kg m~. The proportion of the biomass
available for extraction is determined assuming that only stumps and coarse roots will
be extracted. Technological losses — stumps on strip-roads and deciduous tree stumps
are assumed to be 38 % from technically available resources. The diameter distribution of
trees is modeled using beta distribution function published in Sweden for modeling of dia-
meter distribution in commercial thinning and final felling. Stump extraction is considered
in spruce stands that already reached final felling age (81 years) or diameter of the average
tree in a stand is above threshold value for final felling in spruce stands. It is assumed in
calculation that all forest types are accessible for stump extraction, excluding Callunoso-
sphagnosa, Sphagnosa, Callunosa mel. and Callunosa turf. mel., where diameter of trees in the
final felling age is generally below reasonable threshold for stump extraction (20 cm). It is
also considered that stump extraction will not be implemented in areas, where clear-felling
is forbidden. Cost calculation of stump extraction is done according to earlier study in
LSFRI Silava on productivity of stump extraction with MCR-500 bucket, including time
consumption for additional soil scarification (mounding). The methodology for calcula-
tion of stump biomass was elaborated within the scope of the “BalBiC — The Development of
the Bioenergy and Industrial Charcoal (Biocoal) Production” project.

According to the study results average technologically available biomass of stumps
with diameter above 20 cm in the forest stands accessible for final felling according to age
or diameter criteria is 48 tonnes ha™'. The highest yields can be obtained in stands older
than 100 years. Total technologically accessible biomass of stumps with diameter above
20 cm in spruce stands in Latvian state forests is 3.2 million tonnes. The technologically
accessible biomass is mostly concentrated in 61-80years old spruce stands. According
to current status of the spruce stands in the NFI stump extraction is possible right now
in 26 % of all spruce stands on naturally dry and drained forest stand types in state forests
of Latvian. Forwarding distance is not limiting factor for extraction of stump biomass — 90 %
of all technologically accessible resources are located in 400 m distance from the nearest road.

Average cost of stump extraction, processing and delivery is 2630 EUR ha™!
(9.1 EURLV m™); respectively, stump extraction might be feasible, if the price of biofuel
is above 9.1 EUR ha™'. Additional non-accounted benefit of stump extraction is reduction
of cost of soil preparation before forest regeneration (about 120 EUR ha™'); however, these
expenses are relatively small in comparison to the whole stump extraction and biofuel
production cost.

The study is implemented within the scope of the National forest competence centre
research program project No. L-KC-11-0004.

Key words: stumps, biofuel, resources.
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Aaspbiapm, A. %%, Aaspanc, B.°,  Kaaes, C.%  3umeanc, A.°, Ilpunpyanc, V.3,
KasiBuns, A. ¢, Posuruc, I. ° O630p 6HOTONAHBHBIX peCypcOB IHEH H HX AOCTYIHOCTH B
€AOBBIX HACAXKAEHHSX TOCYAQPCTBEHHBIX A€COB.

Pesrome. B AaHHOM HCCAGAOBaHHMH, HCIIOAB3YS AAHHbBIE HAIIHOHAABHOTO AECHOIO
mouutopunra (MSI), onenena 6momacca mueit ¢ Auamerpom 6osee 20 CM B eABHHKAX, CO3-
PEeBIIMX AASL TAaBHOH pybku. Bruomacca mueit, kpynubix (AMameTpom 6oaee S cM) U MeAKHUX
KOpHel OIpeAeAéH ¢ IpUMeHeHHeM ypaBHeHHi, paspaboranusix B IlIBennu. Buomacca Ha-
3eMHOM YacTH IIHEH OIIpeAeA€HA AOITyCKas, 4TO CpeAHssS BbIcoTa IHs cocTasasieT 30 cM, a
YCAOBHAS ITAOTHOCTb ApeBecHHBI eAr — 400 kr M~ PacuéT AOCTYIHOI AASL BRIpabOTKE Ape-
BECHO! OMOMAcCHI IIPEAIIOAAraeT, YTO TEXHOAOTHYECKH IIOAyYeHA ApeBeCHHa IHeH W KpyI-
HbIX KopHeH. IIpuHATO, YTO TeXHOAOTMYEeCKHe IOTEPH - ITHU Ha TPAHCIOPTHBIX AOPOTAX H
[IHA AWCTBEHHBIX ITOPOA — B obOmeM 06béMe coctaBasier 38 % oT obmeit pocsiraeMoil 6uo-
Macchl. AAST MOAGAMPOBAHMS paclpeAeAeHHs] AePeBbeB II0 AMaMeTpPy IpPHUMeHEHO ypaBHEHHe
bera-peAeHNs. BO3MOXHOCTH BBIPaOOTKY ITHEN BBIYMCAEHDI, UMesI BBUAY A€Ca AOCTHUTIINE BO3-
pact raaBHoit py6ku (81 rop) HAM B TeX CAy4asX, KOTAQ AMAMETD A€PEBbEB AOCTUT MHHUMAAD-
HYIO BEAMYUHY AASI IIPOBEAECHUS CIIAOIIHOM pybku. B pacuérax mpesrroA0XKeHO, 4TO MOAXO-
ASIIIVIME AASL BBIPAOOTKH IIHEH SIBASIIOTCSI BCE THIIBI A€CA, KPOME TeX, KOTOPbIe IPOU3PACTAIOT
Ha caMbIX OeAHBIX mo4BaXx. 3 pacuéToB HMCKAIOYEHBI TEPPUTOPUH, TAE CIIAOIIHbIE PYOKHU
3ampenteHsl. PacyéThl pacXOAOB OBIAM IIPOBEAEHBI B COOTBETCTBHU C PE3YABTATAMH HCCAEAO-
Banuit (ATYA SILAVA) 0 mpou3BOAUTEABHOCTH M CTOMMOCTH paboT, CBSI3AHHDBIX C KOpYe-
BanueM nHeit (ncroapsyst MCR-S00), B TOM YHCAe U C 3aTpPaTaMH Ha 3arOTOBKY IOYBBI AAS
IIOCAEAYIOIIero BOCCTAHOBACHHS Aeca.

TexHHUYeCKH AOCTymHAsE 6uomacca mHei, ¢ AuaMeTpoM 6oaee 20 CM AOCTYITHBIX AAS
BBIPaOOTKM B €AOBBIX A€CAX IOCA€ CIIAOLIHBIX PYyOOK B cpepHeM cocraBaseT 48 Tra™'. Boaee
3HAYUTEABHBIE PECYPCbl OMOMACCHl B OCHOBHOM COCPEAOTOYEHBI B A€Cax, KOTOpPBIE IIPEBBI-
cuau 100-AeTHMIT BO3PACT.

TeXHOAOTHYECKH AOCTymHas 6uoMacca HHell ¢ AuaMeTpoM 0Ooaee 20 cM B €AOBBIX
Aecax, IOAXOASIUX AASL IIPOBEACHHUS CIIAOWIHBIX PyOOK, B cpepHeM cocraBaseT 3213 ToHH.
BOABIINHCTBO TEXHOAOTMYECKH AOCTYIIHON GMOMACCHL COCPEAOTOYEHA IPEHMYIeCTBEHHO B
eAbHHUKAX, AOCTUTIHX 61-80-AeTHero Bo3pacTa.

HccaepoBaHre ocymecTBA€HO B paMKax IpoekTa HalmoHaApHOro IleHTpa KOMIIeTeH-
mum AecHoi orpacau N2, L-KC-11-0004.

Katouesvie cA08a: IHU, GLOTOMANBO, peCypCHL.

3 ATUA «CuaaBa», ya. Purac 111, Caaacnuac, LV-2169, Aatsus; * oa. moura: andis.lazdins@silava.lv
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Ievads

Pirmie zinatniskie pétijumi par cel-
mu izmanto$anu biokurinama sagatavosanai
un par celmu izstrades ietekmi uz meza
atjaunos$anos Latvija veikti 19. gadsimta
pirmaja pusé (Bode, 1840). Péc neatkaribas
atgn$anas 20. gadsimta sakuma aktualizéjas
energoresursu pieejamibas jautdjumi, un
meZzsaimnieki atgriezas pie celmu izstrades
probléemam. Tapat ka tagad, ari agrak pasta-
véja pretéji viedokli; pieméram, O. Ceich-
ners uzskatija, ka celmu spridzina$ana sekmé
baribas vielu izskalosanos un augsnes ero-
ziju, tapéc ieteica celmu izstradi neveikt
(Ceichners, 1929). Taja pat laika vip$ un
citi pétnieki atzina, ka celmu izstrade sekmeé
dabisko atjauno$anos priezu meZzos un
nerada negativu ietekmi uz nakamas aprites
kokiem (Vasilevskis, 2007). K.Lange bija
viens no aktivakajiem celmu izmanto$anas
aizstavjlem un uzskatlja celmu atstasanu
cirsmas satradé$anai mazmezainos rajonos
par nepareizu (Lange, 1925). Pirms 2. pa-
saules kara, neatkarigaja Latvija, gada laika
sagatavoja 7-30 takst. m* celmu malkas ga-
da. Celmu malkas sagatavo$anai 1939. gada
ieteica izmantot visas kailcirtes. Taja laika
celmus apstradaja ar spridzinasanas metodi
vai, izmantojot $im nolikam konstruétas
sviras. Vidéja celmu izstrades norma bija
2-2,5 steri vai 1,6-2 m® diena (Vasilevskis,
2007).

Péc neatkaribas atgasanas celmu kok-
sne ilgsto$i nenonaca siltuma un elektro-
energijas razotaju interefu loka, jo bija
pieejami létaki koksnes resursi (malka,
kokapstrades un mezizstrades atliekas), tacu,
pieaugot pieprasijumam un palielinoties
kurinama cenai, celmu koksnes ieguve ats-

akas (Lazding, 2006). Pétijumi par celmu
izstrades iespéjam kailcirtés veikti 2006. ga-
da sadarbiba ar Zviedrijas meZzinatnes insti-
tatu Skogforsk. Pétijuma konstatétais celmu
darba 10,4 m?
stunda — attiecigi 40 reizes lielaks neka pirms
60 gadiem (Lazdins, Thor, 2009).

Saskapa ar iepriek§ veikto pétijumu

izstrades razigums

bija

rezultatiem teorétiskais ikgadéjais celmu ku-
rinama potencials Latvija ir 1606,6 tukst.
tonnu taja skaita 958,3 takst. tonnas pie-
ejamas tehnologiski. Izpétes projekta, kura
novértéti atjaunojamo energoresursu direk-
tiva definétajiem ilgtspéjibas kritérijiem at-
bilsto$ie meza biokurinama resursi, kon-
statéts, ka, mezizstrades apjomam sagla-
bajoties 2008. gada limeni, katru gadu celmu
ieguvi var veikt lidz 35,8 takst.ha liela
platiba (Adamoviés et al., 2009).

Materials un metodes

Aprékinu  metodika  balstita uz
pétijumu projekta “BalBiC — The Develop-
ment of the Bioenergy and Industrial Charcoal
(Biocoal) Production” ietvaros izstradatajiem
vienddojumiem (Lazdin3 et al., 2012a). Apré-
kinos izmantoti MSI kopsavilkuma atsevis-
ku parauglaukumu vai to sektoru dati. Meto-
dika attiecas uz koku cirS§anu meza zemsés,

kas atbilst MSI meZaudzes klasifikatoram

(10. kods).
Veicot resursu aprékinus, vispirms
mezaudzes atlasitas péc aizsardzibas

pazimém - parauglaukumiem, kas atrodas
teritorijas, kur aizliegta galvena un kops$anas
cirte, atziméjot, ka $ie resursi tehnologiski
nav pieejami; attiecigi celmu biokurinama
resursi izskaitloti tikai tam audzém, kuras
atlauta kailcirte.

170



A. Lazdins, V. Lazdans, S. Kalgja, A. Zimelis, U. Prindulis, D. Klavina, G. Rozitis

Kailcirtes ~ veik$anai  pieméroto
mezaudzu identificé$anai sakotnéji veikta
atlase péc vecuma - atlasiti parauglaukumi,
kur valdo$as sugas vecums ir lielaks vai
vienads par galvenas cirtes vecumu attiecigajai
sugai, atziméjot, ka tajos atlauta izstrade
kailcirté. Papildu atlase veikta péc caur-
meéra — parauglaukumos, kuros valdo$as sugas
caurmérs ir vienads vai lielaks par galvenas
cirtes caurméru (Ministru Kabinets, 2012),
atziméjot, ka tajos atlauta izstrade kailcirte.
Péc tam papildu atlase veikta arl sanitarajai
cirtei  piemérotas audzés -  atlasot
parauglaukumus, kuru valdaudzes $kérs-
laukums ir mazaks par kritisko (Ministru
Kabinets, 2012).

Péc darba

novértéjums, atlasot parauglaukumus, kur

tam  veikts apstaklu

izstride iespéjama tikai ziemi (slapjaini un
kadreni, 1. tab.).

Péc izstradei pieméroto audZu atlases
(dazada
caurméra koku skaitam), izmantojot beta

aprékinats caurméra sadalijums

sadalijuma vienadojumu (1. formula).
Bowy=[X"1 (1-X)"' - d-xm,n>0

Minimalais

(1)
caurmérs ir a=0,4-d,
bet maksimalais — b=1,7 - d, kur d ir audzes
vidéja koka caurmérs 1,3m augstuma.
Minimailajam (a) un maksimalajam (b) caur-
méram jabiat 6-60 cm (Arlinger, 1997). Ne-
mot véra, ka praksé tas ne vienmeér iesp&jams,
ierobezojums ignoréts, bet caurméra pakapes
aprékinatas no 8 lidz 64 cm ar soli 2 cm,
attiecigi, ja $aja diapazona ieklaujas tikai dala
audzes koku, paréjiem vidéjais caurmérs un
paréjie dendrometriskie raditaji ieguti péc

1. tabula, Table 1

Darba apstaklu noveértéjums*

Evaluation of work conditions™

Edafiska rinda
Growth conditions

Meza tips
Forest stand type

Celmu rausana péc kailcirtes
Stump extraction after clearfelling

Sausieni Meétrajs (Vacciniosa)

visu gadu (all seasons)

Dry mineral soils Lans (Myrtillosa)

visu gadu (all seasons)

Damaksnis (Hylocomiosa)

visu gadu (all seasons)

Veris (Oxalidosa) visu gadu (all seasons)
Garsa (Aegipodiosa) visu gadu (all seasons)
Slapjaini Slapjais damaksnis (Myrtilloso-sphagnosa) ziema (winter)
Wet mineral soils Slapjais véris (Myrtillosoi-polytrichosa) ziema (winter)
Slapja garsa (Drypteriosa) ziema (winter)
Areni Niedrajs (Caricoso-phragmitosa) visu gadu (all seasons)

Drained mineral soils

Dumbrajs (Dryopterioso-caricosa)

visu gadu (all seasons)

Liekna (Filipendulosa)

visu gadu (all seasons)

Purvaini Meétru arenis (Vacciniosa mel.)

ziema (winter)

Wet organic soils

Saurlapju arenis (Myrtillosa mel.)

ziema (winter)

Platlapju arenis (Mercurialosa mel.)

ziema (winter)

Kuadreni

Meétru kiddrenis (Vacciniosa turf. mel.)

ziema (winter)

Drained organic soils

Saurlapju kidrenis (Myrtillosa turf. mel.)

ziema (winter)

Platlapju kitdrenis (Oxalidosa turf. mel.)

ziema (winter)

*

“visu gadu” — celmu izstrade iesp&jama visu gadu; “ziema” — celmu izstrade veicama péc augsnes

sasal$anas / “all seasons” — stump extraction possible all over the years, “winter” — stump extraction possible on

frozen soil.
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caurméra sadalijuma aprékinaganas tiem
kokiem, kas ieklaujas sadalijuma. Koeficients
m izskait]ots ar 2. vienadojumu. Koeficients n
visam sugam aprékinats ar 3. vienadojumu:

m=03+0,08-(d-6) 2)

(3)

Koku skaits katra caurméra pakapé ir

n=m- —Z%—l)

proporcionals vértibai 4. vienadojuma:
n=(x-a)".(b-x)"', kur

x —audzes vidéja koka caurmérs, cm.

(4)

Saskana ar Somija un Latvija veikto pé-
tijumu rezultatiem, nav lietderiga par 20 cm
tievaku celmu izstrade (Kirhi, 2012; Lazdins
et al, 2012b; Lazdin§ & Zimelis, 2012a),
tapéc no caurméra sadalijuma atlasiti koki,
kas 1,3 m augstuma ir vismaz 16 cm resni, no-
sakot to skaitu un vidéja koka caurmeéru.
Caurmeéra atlases kritérijs izraudzits atbilstosi
nepublicétiem MeZa nozares kompetences
centra pétijumu datiem par sakaribu starp
caurméru 1,3 m augstuma un pie zemes
virsmas (1 % no koka augstuma), ko raksturo
linearas regresijas vienadojums (S. formula):
Dy=1,17-D, 5+ 1,67, kur (5)
D, —koka caurmérs pie zemes virsmas (1 %
no koka augstuma), cm;
D, ; —koka caurmérs 1,3 m augstuma, cm.

Celmu un pazemes biomasa aprékina-
ta 4 frakcijam — celma pazemes dalai (6. vie-
(7. vie-
nadojums), smalkajam sakném (8. viena-

nidojums), rupjajim  sakném
dojums) un celma virszemes dalai (9. viena-

dojums). Celma caurméra aprékiniem

izmantots 10.vienadojums: vidéja celma
augstums pienemts par 30 cm, atbilstosi
agrak veikto pétijumu datiem (Zimelis ef al.,

2013). Vienadojumi celma pazemes dalas
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un saknu biomasas aprékiniem aizgati no
Zviedrija veiktajiem pétijumiem (Marklund,
1988), savukart celma caurméra un virszemes
dalas biomasa aprékinata atbilstosi Latvija
aprobétai metodikai (Lazdin$ & Von Hofsten,
2009; Lazdin$ & Zimelis, 2012b).

D,

W] - n,kur (6)

Bcelmi = exp[_3,36+10,67 .

B..imi — celmu pazemes dalas biomasa, kg ha™;
D3

caurmers, cm;

- vismaz 20 cm resnu koku vidéjais
n — vismaz 20 cm resnu koku skaits gab. ha™'.

Bhalstsaknes eXP[ 6 39+13 37 - Dli } n,kur(7)
Biatstsarnes — balstsaknu biomasa, kg ha™.

D13

Bitnes = exp[ 2,5706+7,63 - g } n,kur (8)

Biunes—parS cmtievako sakr,lubiomasa,kg ha™l.
Dy
_100

B = -1+ 0,3-n-394, kur

(9)

— celma virszemes dalas biomasa,

celma augsdala

B ctma augidala

kg ha™';

D, - celma caurmérs, cm;

394 —nosacitais koksnes blivums, kg m™.

D, =1,35135- D, ; - 0,9459 (10)
Resursu pieejamibas novérté$anai

noskirti potencialie, tehniski un tehnologiski

pieejamie resursi:

visi celmi un saknes,

« potencialie resursi —
kas iegtistamas atcelmos$anai piemérotas
platibas,

tehniski pieejamie resursi — celmu virs-
zemes un pazemes dalas, ka ari lielo saknu
biomasa,

tehnologiski pieejamie resursi — celmi un

lielas saknes, atskaitot razo$anas zudumus
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(38 % celmu un lielo saknu biomasas).
Mezos, kas aug slapjas un susinatas
augsnés, tehnologiski pieejamos resursus
paredzéts iegut tikai ziemas apstaklos, attie-
cigi celmu biokurinamais dalams 2 grupas -
resursi, kas pieejami tikai ziema un neatka-

rigi no sezonas. Celmu biokurinama
energétiska vértiba piepemta 5,3 MWht!
(Phyllis2, 2008).

Pieve$sanas attiluma modelésanai

ar programmu QGIS aprékinats attalums
no katra MSI parauglaukuma centra lidz
tuvakajam celmu izve$anai piemérotajam
celam.

Celmu $keldu cena, aprékinot iené-
mumus, pienemta 10 EURber.m>, parre-
kinu koeficients no tonnam
(biomasas) uz berkubikmetriem - 6, t.i.
1 tonna = 6 ber. m* (Lazdin$ et al, 2012b;
Lazding & Zimelis, 2012a). Celmu biokuri-
nama pa$izmaksa aprékinata ar pakapes vie-

sausnas

Slapjaini
Mineral wet soil
10%

Sausieni
Mineral dry soil
42%

Purvaini

Organic wet soil
2%
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Organic drained soil

nadojumu (11.formula), kas izstradats Lat-
vija veiktajos pétijumos (Lazdins, 2012).
Biokurinama pasizmaksa,

EUR ber. m™3 = 14,882 - B, %12%! kur (11)
B, - tehnologiski pieejama celma un sakpu
biomasa, kg.

Rezultats un diskusija
Saskana ar aprékinu rezultatiem, cel-
mu izstradi valsts meZos var veikt 26 % eglu
audzu (75 takst. ha). Tehnologiski pieejama
atbilst 16807 GWh  primaras
energijas. Tehnologiski pieejama biomasa

biomasa

ir 50 % no kopéjas celmu biomasas izstradei
piemérotajas eglu audzés.

Lielaka dala tehnologiski pieejamas
celmu biomasas koncentréta sausienos, are-
nos un kidrenos (1. att.), kur darba apstakli
celmu izstradei ir optimali, ti. tehnikas
parvieto$anas nav apgrutinata un saknes sau-
sa laika viegli atdalamas no augsnes.

Areni
Mineral drained soils
31%
1. attéls. Tehnologiski
o pieejamas celmu
Kadreni

biomasas sadalijums
15% péc meza tipu
edafiskajam rindam.
Figure 1. Distribution of
accessible stump biomass

by growth conditions.
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ieteikts
izmantot vismaz 20 cm resnus celmus (Kir-
hi, 2012; Lazding, 2012), jo, raujot mazakus
batiski
biokurinama pasizmaksa. Vidéjais koku skaita

Biokurinama sagatavoS$anai

celmus, palielinas  sagatavota
sadalijums caurméra pakapés (D,;) celmu
izstradei piemérotajas eglu audzés valsts
mezos paradits 2. attéla. Salidzinosi visvairak
ir 30-36 cm resnu koku celmu; valsts meZzos
eglu audzés ir ari daudz par 50 cm resnaku
eglu celmu, kuru izstrade ir ekonomiski
izdevigaka, ta¢u tad nepiecie$ama ari smagaka
un jaudigaka tehnika.

Vidéja celma un sakpu biomasa,
saskana ar aprékinu rezultatiem, ir 224 kg,
vidéja celmu un pazemes biomasa — 95 t ha™!
(2. tab.). Vidgjais attalums no atcelmosanai
piemérotajam platibam lidz tuvakajam celam
ir 303 m, buatiski lielaks tas ir kadrenos un

slapjainos, vismazakais — aregos (3. tab.).

Vidéja, par 20 cm resnaku celmu un
saknu biomasa eglu audzés valsts meZzos
ir 95tha™'; tehniski pieejama biomasa -
78 tha™, bet tehnologiski pieejama bioma-
sa — 48 tha™'. Lielaka tehnologiski pieejama
celmu kraja ir par 100 gadiem vecakas eglu
audzés (4. tab.). Liela celmu kraja 41-60 ga-
dus vecas audzés uzskatima par nejausu,
jo $aja vecuma desmitgadé celmu izstradei
pieméroto platibu atlases kritérijiem atbilst
tikai 15 MSI parauglaukumi.

Kopéja, par 20cm resnaku celmu
biomasa izstradei piemérotas platibas ir
6,3 milj. t, izstradei pieejama biomasa -
5,2 milj. t, tehnologiski iegistama biomasa
3,2milj. t (S.tab.). Tehnologiski pieejama
biomasa parsvara koncentréta 61-80 gadu
vecas eglu audzés. Lielais biomasas uzkra-

7%

6%

5%

4%

3%

2%

1%

0%

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 S8 60 62 64

Diametrs 1,3 m augstuma, cm

Diameter at 1,3 m height, cm

2. attéls. Koku skaita sadalijums caurméra pakapés kailcirtei piemérotajas mezaudzés.

Figure 2. Distribution of trees by diameter in spruce stands suitable for stump extraction.
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Celmu biomasa atcelmoganai piemérotajas eglu audzés

2. tabula, Table 2

Biomass of stumps in spruce stands suitable for stump extraction

Potencialie resursi
Potential resources
celma vidéja
- rupjas .| virszemes celma
Edafiska rinda celms, saknes, sl dala, tha™ | biomasa, - kopa,
Growth conditions tha tha't S?I}(ln_els b above- kg i(ﬁp & takst. t
al a
stump, coarse ground average 1 total,
tha roots, f Th':ﬂts’ part of stump it il thsd. t
tha'l stump, biomass,
tha'! kg
Areni
; . . 28 S1 20 12 111 216 1975
Drained mineral soils
Rudrepi 25 47 19 11 102 207 952
Drained organic soils
Purvaini
Wet organic soils 16 32 14 7 69 184 118
Sausieni 23 41 16 10 89 247 2701
Dry mineral soils
Slapjaini
Wet mineral soils 19 35 15 8 77 198 617
Visi meza tipi
All conditions 24 44 17 10 95 224 6363

3. tabula, Table 3

Celmu izstradei pieméroto audzu platiba un attdlums no izve$anai piemérota cela

sadalljuma pa meza aug8anas apstakliem
Distribution of spruce stands suitable for extraction of stumps and roots by growth conditions

and average forwarding distances

Edafiska rinda Platiba, takst. ha Attalums lidz celam, m
Growth conditions Area, thsd. ha Distance to road, m
Areni
Drained mineral soils 19,44 274
Kadreni
Drained organic soils 10,88 362
Purvaini
Wet organic soils 2,20 254
IS)ausiepi . 33,81 195
ry mineral soils
Slapjaini
Wet mineral soils 8,64 355
Visi meza tipi
All conditions 74,97 303
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jums par 151 gadu vecakas eglu audzés
(S. tab.) skaidrojams ar to, ka $aja kategorija
ieklautas visas par 151 gadu vecakas audzes,
tadé] iegutais rezultats neraksturo attieciga
vecuma desmitgadi. Pétijuma noskaidrots,
ka liels biomasas potencials ir paraugusas
eglu audzés, un, planojot izstrades tehnikas
iegadi, jarekinas, ka daudzas cirsmas bus
izstradajami par S0 cm resnaki celmi, kas
prasis ipasi izturigu un jaudigu tehniku. Vai-
rak neka 50 % no tehnologiski pieejamajiem
celmu resursiem izvietoti lidz 300 m attaluma
no izvesanai piemérotiem celiem, vél 40 %

izvietoti lidz 400 m attaluma no celiem.
Vidéja celmu skeldu pasizmaksa, taja
skaita pievesanai, smalcinasanai un piegadei
patérétas izmaksas, saskapa ar aprékinu
rezultatiem, ir 9,1 EUR ber. m™%; izmaksas
mazakas ir vecakas audzés, kur izstradajamo
celmu dimensijas ir lielakas. Vidéjas celmu
izstrades un biokurinaima sagatavos$anas
izmaksas ir 2630 EURha™!, taja skaita arl
augsnes sagatavoSanai meza atjaunosanas
veik$anai. Kopéjas izmaksas visu tehnologis-
ki pieejamo celmu izstradei ir 160 milj. EUR,
prognozéjamie ienémumi — 174 milj. EUR.

4. tabula, Table 4

Vidéja — par 20 cm resnaku celmu — biomasa eglu audzés dazadas vecuma desmitgadeés

Average biomass of stumps with diameter of more than 20 cm in spruce stands

representing different age classes

Total biomass, t ha™

Raditajs - 4 s | 6|7 | 8|9 |10]11]|12]|13] 1415+
Characteristic
Kopeja biomasa, tha't | 70 | 134 | g5 | 73 | 110 | 85 | 87 | 89 | 99 | 117 | 107 | 110

Pieejama biomasa, t ha™

Available biomass, t ha™ S7 109 | 66 60

88 69 71 74 82 99 91 93

Tehnologiski iegiistama
biomasa, t ha! 36 67 41 37
Accessible biomass, t ha™

SS 43 44 46 S1 61 57 58

S. tabula, Table §

Kopéja — par 20 cm resnaku celmu — biomasa eglu audzés dazadas vecuma desmitgadés

Total biomass of stumps with diameter of more than 20 cm in spruce stands

representing different age classes

Raditajs

Characteristic 4 5 6 7

8 9 10 | 11 12 | 13 | 14 | 15+

Kopéja biomasa, tukst. t 63

Total biomass, thsd. t 437

713 | 797

1278

687 | 661 | 339 | 347 | 248 | 131 | 662

Pieejama biomasa, takst. t

Available biomass, thsd. t 52 | 353

574 | 648

1019

556 | 536 | 280 | 288 | 209 | 110 | 558

Tehnologiski iegistama
biomasa, tikst. t 32
Accessible biomass, thsd. t

219 | 356 | 402

632 | 345 | 333 | 173 | 179 | 129 | 68 | 346
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Prognozéjamie iepémumi visds vecuma
desmitgadés parsniedz izmaksas, ja tirgus
cena $keldai ir 10 EUR ber. m. Ietaupijumi
uz augsnes sagatavo$anas rékina, veicot
celmu izstradi visas tam piemérotajas eg-
lu audzés, ir aptuveni 10 milj. EUR, ja aug-
snes sagatavo$ana ar disku arklu izmaksa
11SEUR ha™.

Saskana ar Valsts meza dienesta datiem,
pédéjos 5 gados valsts meZos vidéji izstra-

dati 2,66 tukst. ha eglu audzu. Piepemot, ka

valsts mezu kailcirtés izstrada galvenokart 8.,
9. un 10.vecuma desmitgades eglu audzes,
vidéji no 1 ha iegastamas 44 t celmu. Attie-
cigi, no visam kailcirté izstradatajam eglu
audzém vidéji gada iegustamas 117 tukst.t
(700 tikst. ber. m?*) celmu biokurinima. Pa-
pildus iepémumi no celmu gkeldu rea-
lizacijas, atbilsto$i pétijuma izmantotajiem
pienémumiem par $keldu cenu, ir aptuveni
7 milj. EUR gada.

6. tabula, Table 6

Celmu izstrades izmaksu un iepémumu izvértéjums

Evaluation of cost and income of stump extraction

Razosanas v o5 ..
izmaksas Razo$anas Razo$anas Prognozéjamie
Vecuma EUR ber II’l 3 izmaksas, izmaksas, ienémumi,
desmitgade o EUR ha'! takst. EUR tikst. EUR
Production cost per ; ;
Age decade Production cost, Production cost, Income forescast,
& loose volume m? 7
EUR / EUR ha~ thsd. EUR thsd. EUR

4 9,3 2453 1419 1566

S 9,4 3973 12906 13 887

6 9,3 2431 19 587 21013

7 9,1 2156 22703 24 667

8 9,6 2446 27051 28723

9 9,3 2271 15 646 16761

10 9,1 2693 15623 16940

11 9,0 2670 8 886 9919

12 9,0 2819 9961 11 160

13 8,9 3406 6663 7583

14 8,7 2961 3396 3873

15 8,9 3049 15980 18220
Visas vecuma
desmitgades 9,1 2630 159 819 174311

All age decades
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Secinajumi

1. Eglu audiu kailcirtés valsts mezos tehnologiski pieejama par 20 cm resnaku celmu un
saknu koksnes biomasa vidéji ir 48 t ha™', bet kopéja tehnologiski iegastama celmu un
saknu biomasa izstradei piemérotajas platibas ir 3213 takst. t.

2. Celmu izstradei valsts mezos tehnologiski pieejami 26 % no visam eglu audzém sausienu,
arenu un kadrenu meza tipos.

3. DPieve$anas attalums nav celmu izstradi limitéjoss faktors — 90 % no tehnologiski pieeja-
majiem celmu resursiem izvietoti lidz 400 m attaluma no celmu izve$anai piemérotiem
celiem.

4. Celmu biokurinama sagatavo$anas un piegades vidéjas izmaksas ir 2630 EUR ha™
(9,1 EUR ber. m™).

Pateiciba: pétijums veikts Meza nozares kompetences centra ERAF projekta “Metodes
un tehnologijas meza kapiltalvértibas palielinasanai” (ligums Nr. L-KC-11-0004) ietvaros.
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