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Results of the development of reference matepalevaluation the energy content in
aboveground live biomass of Scots pine trees o$tdreds of natural and artificial origin of
Polissya and Forest-steppe are shown. It is preskiite algorithm of the development of
reference materials to assess the energy conteichwh based on the results of modeling
the qualitative parameters of live biomass comptesf trees and their qualitative
indicators. The article is based on the resultbioinetric evaluation of 639 model trees of
Scots pine of artificial origin, and 164 model tse&f natural origin.
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Current development of world civilization is chaextzed by rapid population
growth that encourages the mankind to find addaicsources of food, drinking
water and renewable sources of energy. An accabe toatural resources, including
energy, is an essential stabilizing factor forestatonomy, as well as an effective
instrument for geopolitical influence. At that, tlrelumes of existing, within the
country, energy resources and their sustainablgeusa conditions of increasing
globalization processes is one of the most importaiteria for ensuring national
security [5].

In this direction, pine forests, which possess ifigant amounts of forest

energy biomass — stem wood, timber harvested duhimging, logging residues at
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the cutting area of the main use and wastes in ypoodessing factories may become
one of the key factors for ensuring ecological &wdnomic security of Polissya
region of Ukraine.

The aim of the research is the development of regulatefgrence support for
the evaluation of the energy content in abovegrdivedbiomass of Scots pine trees
in stands of various origin of Ukrainian Polissyal d&orest -steppe.

Materials and methods of research. Researching energy volumes
accumulated in the tree live biomass the primargk teés its quantitative and
qualitative evaluation. For studying the last wasdithe method of prof. P. Lakyda,
which is described in details in number of scientipapers [1, 3]. The research
process of energy content in aboveground live bgsmat pine trees includes the
following stages [1, 3, 5]: 1 — studying the expade of assessment of tree live
biomass and working up the methods; 2 — acquisifpsocessing and analysis of
experimental data; 3 — mathematical modeling of lbblomass components of trees
and adequacy test of models; 4 — evaluation of sleggb carbon content in tree live
biomass; 5 — development of standards of energtenbnin trees live biomass and
their verification. For developing of the standariii®re were used quantitative
parameters of energy content in one ton of careposited in tree live biomass [8].
Herewith, these calculations were based on theovmtlg initial data that were
gathered by the groups of researchers over thedeaside and which represent the
reserve experimental base for research abovegrotendiomass in the investigated
region [4]:

— artificial Scots pine stands in Polissya and Forest-steppe (116 temporary
experiment plots (TEP), where 639 model trees (MEre cut down with the
assessment of components live biomass, for labgrassearch were selected 198
samples of experimental cuts of tree stems, 42 lesngb crown branches, 303 model
branches of tree greenery (TG) and 129 samplesetflas);

- natural Scots pine stands in Polissya and Forest-steppe (26 temporary
experiment plots (TEP), where 164 MT were cut damd evaluated; for laboratory



research were selected 12 samples of experimamtabt tree stems, 12 samples of
crown branches, 44 model branches of TG and 10lsaropneedles) .

The results of the research. To the question of the research of aboveground
tree live biomass of the main forest forming staofthe investigated region devoted
a number of scientific papers [1, 2, 4, 5, 6], whieflect the systematic realization of
complex research of biological productivity of slarfor biomass components.

For development of the standards of energy contehve biomass of Scots
pine trees was used an algorithm of calculationctvhs reflected in details in the
table. 1.

1. Algorithm of standards development of the ener gy content of aboveground

live biomass components of Scots pine treesof variousorigins

Natural origin Artificial origin
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Continuation of Table 1.

Natural origin

Artificial origin

me= (™ +m™) - 0.50 +my, - 0.45;

r — br. Dr _ br.
m' =0y s, ; M =dy -5
e =m’ +m"; m =m” +n";
mtr:mst+mcr; mtr:mst+mcr;

me= (m*'+ m™) - 0.50 +m, - 0.45;

epr= M - 35.76; e'=m*. 35.76;
e'=m-. 35.76; epr=m’ - 35.76;
e=mc- 35.76 e=mc- 35.76

While processing and developing the standards f@luation of energy
content in aboveground live biomass of trees ofitivestigated stands there were
used the following symbolsl — the diameter of the tree at a height of 1.3 mm, s
h — height of the tree, nfi;— old form factor of the tree stem:- square of the cross-
sectional area of the stem?na — volume of the stem, tnv, — volume of the bark of
the stem, M p, — stem bark percentage, %, — TG live biomass in fresh-cut
condition, kg;gsr1 — crown branches live biomass without fractio & in fresh-cut
condition, kg;g,r — crown branches live biomass of the tree in fi@dhcondition, kg;
g, — live biomass of crown leaves (needles) of tiee tin fresh-cut condition, kg;
put — basic density of the tree stem, kg)(mp.s™ — basic density of stem bark,
kg-(nf)™; pruet — basic density of wood in the trunk, kg’ pw,” — natural density
of wood of the branches, kg-0m; p1w’” — basic wood density of branches, kg)(n
s,,br — absolutely dry matter content in the bark oftth@nchesp, — the percentage of
needles in TG, %s, — an absolutely dry matter content in the fresidies;m™ — live
biomass of wood of branches in an absolutely dnditmn, kg;m" — live biomass of
needles in an absolutely dry condition, kg — live biomass of tree crown in an
absolutely dry condition, kan" — aboveground tree live biomass in an absolutsly d
condition, kg;mc — deposited carbon in aboveground tree live biemkg; e, —
energy content in live biomass of crown branchek,eS— energy content in trunk
live biomass, GJe— energy content in aboveground tree live biom@ss,

Moreover, in addition to the results of mathematmadeling of live biomass
components parameters and evaluation of theintgtiaé indicators [4], data from



the scientific literature on the percentage of oarfb0 % — wood and bark, 45 % —
green fraction) in a weight unit of live biomassam absolutely dry condition [7] and
energy content parameters of one ton of carbon dikegygoin tree live biomass

(35.76 GJ) were used [8].

As a result of realization of the abovementioneggathm there were received
the regulatory reference tables, which providerdorimation about energy content in
aboveground live biomass of Scots pine trees, dbBpgnon their mensurational
indicators, diameter at a height of 1.3 meters hagjht. However, taking into
account initial experimental data, mentioned reguareference tables will give
adequate results only in a certain parametric rafogeheights from 4 to 32 m; for
diameter of 4-44 cm.

The fragments of the standards developed for teesamg the energy content
accumulated in live biomass of tree stems are pteden the tables 2 and 3.

2. The energy content accumulated in live biomass of Scots pinetree stems of

natural origin, GJ

Diameter Height, m
cm 4 6 8 10| 12 14| 16] 18 20 22 24
4 0.0210.0300.043
6 0.0480.0700.091 0.11
8 0.12| 0.16 0.20 0.23 0.27
10 0.20| 0.25 0.30 0.38 0.43 0.48
12 0.27| 0.36 045 052 0.61 0.68 077
14 0.48, 0.61 0.72 0.82 0.93 1.00 110
16 0.64| 0.79 093 1.07 122 136 150 1.63
18 098 1.18 136 154 172 19 1|97 2.15
20 122 145 166 179 1.97 2382 250 2.68
22 1.75 197 215 250 2.68 3.04 3|22
24 197, 232 2.68 3.04 3.22 358 3|93
26 268 3.04 340 3.75 4.29 465
28 3.22 358 4.11 447 483 536
30 3.58 4.11 465 5.19 554 6.08
32 465 5.36 590 6.44 6.97
36 6.79 7.33 8.0b 8.76




3. The energy content accumulated in live biomass of Scots pinetree stems of

artificial origin, GJ

Diameter Height, m
cm 4 6 8 10| 12 14| 16] 18 20 22 24
4 0.0290.0320.041
6 0.064 0.0750.089 0.11
8 0.13| 0.16 0.20 0.28 0.27
10 0.20| 0.25 030 0.36 041 0.46
12 0.29| 0.34 041 0.50 0.57 0.66 0(75
14 0.46| 0.5 066 0.7/ 0.89 1.00 1j10
16 059, 0.72 086 100 114 181 147 164
18 0.89] 1.04 125 143 163 1.9 197 2.15
20 1.09) 1.31 152 175 1.97 2.15 2[32 2.68
22 156 1.79 197 232 250 26 3|22
24 1.79) 197 232 2.68 3.04 340 3|75
26 232 2.68 3.22 358 393 4p29
28 2.68 3.22 358 411 4.47 501
30 3.220 358 4.11 4.65 5.19 52
32 411 4.6 5.19 590 6.44
36 572 6.44 7.15 8.05

What is typical for the trees of various origingtths an increase of energy
content in live biomass of stems in bark of tredéth an increase in size, which is
absolutely consistent with the nature of tree ghowt

Today in many European countries branch wood isgeized as an important
additional source of raw materials that are wideded not only in pulp and paper
industry, but also in bioenergy production. In Ukeg wood and bark of branches are
considered as illiquid raw materials, hardly usaad mainly are left in the forest
after logging. Considering the global trends in deselopment of alternative energy
sources and taking into account the experience wbgean countries, such as
Finland and Austria, in Ukraine wood and bark of tiranches can serve as one of
the sources of thermal energy that requires anogpjpte regulatory reference
support to assess their energy potential.

The fragments of the standards developed for asgesmergy content

accumulated in live biomass of tree branches asented in the tables 4 and 5.



4. The energy content accumulated in live biomass of Scots pinetreecrown

branches of natural origin, GJ

Diameter Height, m
cm 4 6 8 10 12 14 16 18 20 22 24
4 0.007 0.005/0.004
6 0.0250.014{0.011/0.007
8 0.0360.025/0.020 0.014/0.013
10 0.0680.048 0.036/0.029 0.025/0.021
12 0.12| 0.0820.063/0.050 0.041/0.034 0.030
14 0.13| 0.0980.079 0.066|0.055/0.048 0.043
16 0.20, 0.15 0.12 0.096.082/0.072 0.063 0.055
18 0.21) 0.17 0.14 0.12 0.10 0.089790.072
20 0.29, 0.23 0.20 0.1 0.14 0.12 0/11 Qq.10
22 0.30] 0.25 0.21 0.18 0.16 0.4 0}13
24 0.41) 0.34 0.29 0.25 0.21 0.20 0}17
26 0.43 0.36 0.30 0.27 0.25 0.21
28 0.54/ 045 0.39 0.34 0.30 0.7
30 0.66f 0.55 048 0.43 0.38 0.34
32 0.68 059 052 045 0.41
36 0.84 0.73 0.66 0.59
5. The energy content accumulated in live biomass of Scots pinetree crown

branches of artificial origin, GJ

Diameter Height, m
cm 4 6 8 10 12 14 16 18 20 22 24
4 0.0070.005/0.004
6 0.0290.016/0.011/0.009
8 0.0410.029/0.020 0.016/0.013
10 0.0820.055/0.041/0.0320.027/0.023
12 0.15| 0.10 0.07%.059 0.048 0.0410.036
14 0.17 0.12 0.10 0.080.066/0.057/0.052
16 0.25| 0.20 0.15 0.12 0.10 0.089079 0.070
18 0.29| 0.21 0.18 0.15 0.13 0.11 0j10 0/091
20 0.39) 0.3 0.25 0.21 0.18 0.16 0j14 (.13
22 0.43] 0.34 0.29 0.25 0.21 0.0 0}18
24 0.57] 0.46 0.39 0.34 0.29 0.27 0}23
26 0.61) 0.50 0.483 0.38 0.34 0.30
28 0.77) 0.64 055 048 0.43 0.39
30 0.97) 0.80 0.70 0.61 0.54 048
32 1.00 0.86 0.76 0.66 0.59
36 1.27, 1.11 0.98 0.88




It is worth to be mentioned, that within one degoée¢he thickness, the live
biomass of Scots pine tree branches decreases thathincreasing of height,
accordingly the same trend remains in the standartise energy content in the tree
branches.

The use of the above mentioned regulatory refereadues is effective in case
when wood and bark of tree trunks of investigatieahds will be used as an energy
resource and the live biomass components of cravlhsemain on the cutting areas
(for further rotting) in order to minimize the imgaon the stability of ecosystems.
Also, in case of procurement of industrial assorttses for energy purposes can be
used only felling residues in the form of brancf&ds

For necessity of the assessment of the energy moiteaboveground live
biomass of trees in general, can be used regulatatgrials, fragments of which are
given in the tables 6 and 7.

6. Energy content in aboveground live biomass of Scots pinetrees of natural

origin, GJ
Diameter Height, m
cm 4 6 8 10| 12 14| 16 18 20 22 24
4 0.0320.039 0.046
6 0.0820.093 0.11| 0.13
8 0.18, 0.20 0.23 0.26b 0.29
10 0.29| 0.32 0.36 0.43 0.46 0.50
12 0.43| 046 054 061 0.68 0.y2 0,82
14 0.68/ 0.7 0.82 093 1.00 1.11 122
16 0.89) 1.00 1.11 122 132 147 161 172
18 1.29| 1.39 154 172 186 1.3 2|07 2.25
20 1.61 1.75 1983 2.00 2.18 2.0 2|65 2.83
22 215/ 232 243 275 290 3.25 340
24 2500 2.79 3.08 340 3.50 3.93 4]29
26 3.25 3.50 398 4.29 4.65 51
28 3.93 429 465 501 536 52
30 429 5.01 536 572 6.08 6.44
32 536 6.08 6.44 7.15 7.51
36 7.87 8.22 8.94 9.66




7. Energy content in aboveground live biomass of Scots pinetrees of artificial

origin, GJ
Diameter Height, m

cm 4 6 8 10 12 14 16 18 20 22 24

4 0.0430.043/0.046

6 0.12] 0.11 0.11 0.18

8 0.20| 0.21] 0.23 0.26 0.29

10 0.34) 0.35 0.39 0.43 0.46 0.b0

12 0.54) 050 0.54 0.61 0.64 0.f2 0,82

14 0.75| 0.7 0.82 0.89 1.00 1.11 1,22

16 1.000 1.04 111 122 1.32 143 157 1.75

18 1.36] 143 154 168 1.82 197 2/11 2.29
20 1.72] 1.79 190 2.07 225 240 254 2.86
22 222 229 240 272 2.83 3..15 3|47
24 2.65 265 290 3.18 3.47 3.3 3}93
26 3.22| 3.43 398 429 4.29 465
28 3.93 4.29 429 4.65 5.01 5.[2
30 465 4.65 5.01 5.36 6.08 6.44
32 5720 572 6.44 6.19 7.15
36 751 7.87 858 9.30

The regulatory reference tables that are propasduis article can be used for
guantitative evaluation of the areas allocated ifferént types of logging for
determination of energy potential, procured at rtherrying of wood biomass.
Taking under consideration, that the forests of ittvestigated region perform
important ecological functions, use of wood andgiog wastes for energy purposes
should be based on the principles of sustainableldpment.

Conclusions. Thus, the results obtained in the research wilitibute to the
practical implementation of development of regiobalenergy programs as one of
the most perspective areas for solving the existingrgy problems of investigated
regions. In addition, development of reference suppan be used in the scientific,
ecological, forestry, technical and economic statlgxpanded use of forest energy

resources of pine stands in Ukrainian PolissyaFardst-steppe.
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Haseoeno pesynomamu po3pobku HOpmamueHo-iHhopmayitinoco 3abe3neyeHus OJisl
OYIHKU eMIcmYy eHepeli 6 Had3eMHil himomaci depes COCHU 38UUAUHOI ) 0epe8oCmaHax
NPUPOOHO20 Ma wmy4Ho2o noxoodcenus llonicca i Jlicocmeny. 3anpononosano anreopumm
PO3POONIeHHST HOPMAMUBHO-008I0KOBUX MAOIuYb 0N OYIHKU 6emicmy eHepeii, AKul

bazyemvcss Ha pe3yIbmamax MoOeN08AHHs  KIIbKICHUX —napamempié  KOMHOHEHMIG



Gimomacu oepes ma ix AKICHUX NOKA3HUKax. B ocnoey pobomu noknadeno pesynomamu
biomempuyrnoi oyinku 639 modenbHUx Oepes COCHU 36UUALIHOL UWMYYHO20 NOXOOIICEHH Md
164 mooenvrux Oepesa — npupoOHO20 NOXOONCEHHSL.

Knrwowuoei cnosa. eunepeia, gimomaca, HopmamusHo-ingopmayitine 3a0e3neyeHHs,

cocHa 3euuatina, Ionicca, Jlicocmen.

IIpusedenwi pe3yibmamol paspabomxu HOPMAamuHo-UH@DOPMAYUOHHO2O
obecneueHuss 0Nl OYEHKU COOEPAHCAHUS IHEPSUU 8 HAOZEMHOU humomacce 0epedbed COCHbL
00bIKHOBEHHOU 8 OPeBOCHOAX eCMEeCB8EHHO20 U UCKYCCMBEHH020 npoucxodicoenus [lonecvs
u Jlecocmenu. Ilpeonooicen ancopumm pazpabomku HOPMAMUBHO-CIPABOUHBIX MAOIUY 05
OYEHKU  COOepICaHUsl  JHepeuu, OCHOBAHHBII HA  pe3ylbmamax  MoOeIuposanus
KOIUYEeCMBEHHbIX NAPAMEempos KOMNOHEHMO8 umomaccyl 0epeevbes U ux KaueCmeeHHblX
noxkazamensax. B ocnogy pabomul nonogicenvt pesyiomamol ouomempuueckou oyenku 639
MOOENbHBIX 0epesbes COCHbl O0ObIKHOBEHHOU UCKYCCMBEHH020 npoucxoxcoenus u 164
MOOENbHBIX 0epesa — eCmecm8eHH020 NPOUCXOHCOCHUSL.

Knwueevie cnoea. oduepeus, ¢umomacca,  HOPMAMUBHO-UHGOPMAYUOHHOE

obecneuenue, cocna ooviknoeennas, Ilonecve, Jlecocmeno.



