JNNICOBA NONITUKA | TAKCALIA

UDC 630%53(477.51/.52)

ESTIMATION OF THE ENERGY INTENSITY OF LIVE BIOMASS
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Results of development of reference materials for estimation of energy
content in aboveground live biomass of Scots pine ftrees in forest
phytocoenoses of natural and artificial origin of Ukrainian Polissya are
presented. The algorithm of development of reference materials for assessing
energy content, based on the results of modeling qualitative parameters of live
biomass components of stands is proposed. The article is grounded on the
results of biometric estimation of 110 temporary sample plots (TSP) laid in
Scots pine stands of artificial origin, and 20 temporary sample plots — in stands
of natural origin.
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The current functioning of energy sector in Ukraine occurs is the
conditions of a limited number of imported energy, which in the current difficult
Ukrainian realities, still occupies the dominant position in the energy balance
of the country. Energy dependence from the aggressor country, in a struggle
for independence and territorial integrity, requires thee major changes in
approaches of state leadership in the formation of energy strategy of the
development of Ukrainian society. Along with searching the ways of
diversification of the import of natural gas, special attention should be paid to
the local energy resources, including renewable energy resources of biological
origin. In this situation, in order to reduce the energy dependence of the
national economy and improve the energy security of the country, the scientific
community and businesspersons initiate the development of a number of
research and innovation projects on biomass usage, including wood, as a
strategic energy resource [1, 2, 4, 5].

The aim of the research is to develop the regulatory support to esteem
the total energy intensity of the aboveground live biomass components of pine
stands of different origins in conditions of Ukrainian Polissya.
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Materials and methods of research. Theoretical, methodological and
experimental research within this work is based on the principles of system
approach with a combination of general and special methods of cognition.
Algorithm of realization of the research consists of the following stages: 1 —
acquisition, processing and analysis of experimental data; 2 — mathematical
modeling of quantitative indicators of live biomass components of the
investigated stands and adequacy test of models [3]; 3 — evaluation of
sequestered carbon content in tree live biomass [6]; 4 — development of
regulatory-reference tables for estimation of total energy intensity of the
components of the stands live biomass. In order to develop these standards
quantitative parameters of energy content in one ton of carbon, sequestered in
tree live biomass were used [2, 7], as well as specific energy intensity of wood
and bark of trees of the investigated tree species (Table. 1).

1. Specific energy intensity of live biomass components of stem and
crown branches of Scots pine trees in Ukrainian Polissya

Energy content in absolutely dry matter of live
Live biomass biomass components, GJ-(m®)”
component wood bark wood over
bark
Stem 7,635 4,953 7,331
Crown branches 7,080 6,151 6,848

Herewith, the calculations are based on the initial data that were
gathered over the past decade. The dataset is a representative experimental
base for research of aboveground live biomass of pine stands in Ukrainian
Polissya [3, 7]:

— artificially created (planted) Scots pine stands: data from 110
temporary sample plots, where 592 model trees (MT) were cut down for
assessment of live biomass components were used for further processing,
analysis and modeling;

- naturally regenerated Scots pine stands: the estimation of live
biomass components was conducted using the results of research on 20 TSP
where 156 MT were cut down for assessment of live biomass components.

The results of the research. Currently, based on the numerous
experimental data, there the standards for estimation of the aboveground live
biomass of pine stands of the researched region have been already
developed. Those research activities are a part of a large-scale integrated
scientific project aimed at research of bioproductivity processes in forest plant
communities of Ukraine [3]. In order to expand the existing regulatory support
towards estimation of structure of energy wood biomass in forest areas, on
basis of the mentioned experimental data the algorithm of calculation (Table 2)
and the system of regulatory tables for estimation of total energy intensity of
aboveground live biomass of Scots pine stands of Ukrainian Polissya were
proposed.
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2. The algorithm for calculation of total energy intensity of aboveground
live biomass of Scots pine stands of different origin

Natural origin Artificial origin

Phst= 2,288 - D -0,162 | H 1,592 | P 1,018; Phst= 1’441 D -0,191 | H 1,748 | P 1,008;
PhW = 1,844 - D -0,145 | H 1,624 | P 1,017; PhW - 1,165 -D -0,178 | H 1,778 | P 1,001;
Phy = Phs — Phy,; Phy, = Phg — Phy,;

Phn = 2,625 - D -0,0013 |, H 0,138 | P 0,722; Phn= 5,096 - D 0,596 | H-0,526 . P 0,792;
Phbr = 3,056 -D 0,675 | H -0,355 | P 0,434; Phbr - 1’709 - D 1,111 | H-0,506 . P 0,332;

Phcr=Phn+Phbr; Phcr=Phn+Phbr;
Phstand = Phst+Phcr; Phstand = Phst+Phcr;

Mc = (Phgt « Phy,) - 0,5 + Ph,- 0,45; Mc = (Phg « Phy,) - 0,5 + Ph,- 0,45;
E"=Mc" ke; E°= Mc” - Ke; E*P = Mc™ - Ke; E*= Mc" - Ke;
Est= Mca‘_ K, Ebr= Mcbr - Ke, Ecm - Mcom_ Ke; Ea/n = Mcaln * Ke;

E = Mg - K E*=M; - ke

In the presented algorithm the following symbols were used: Phg — live
biomass of stems over bark, t-ha™; Ph,, — live biomass of stem wood, t-ha™;
Ph, — live biomass of bark of stems, t-ha'1; D — stand mean diameter, cm; H —
mean height, m; P — stand relative stocking; Ph, — live biomass of needles,
t-ha™'; Ph,, — live biomass of branches, t-ha™; Ph,~ live biomass of tree crown,
t-ha™; Phgang — aboveground live biomass of stand, t-ha™; Mc — sequestered
carbon in aboveground live biomass of stand, t-ha™; E” — energy intensity of
stem wood, TJ-ha™'; E? — energy intensity of stem bark, TJ-ha™; E — energy
intensity of stems, TJ-ha™'; E” — energy intensity of crown branches, TJ-ha™";
ES" " _ energy intensity of aboveground live biomass of stands, TJ-ha™; k. —
coefficient of energy intensity of 1 ton of deposited carbon (35,76 GJ).

For the produced regulatory reference materials, mean stand diameter,
mean stand height and stand relative stocking were used as input parameters
in the tables presented below. Herewith, these regulatory reference tables
provide adequate results only in a defined parametric range, which is defined
by quantitative mensurational indicators of temporary sample plots: stand
mean height from 4 to 28 m, stand mean diameter 4—-36 cm. Fragments of the
mentioned reference materials for relative stocking 0,7 are presented in
tables 3-8.

It is worth noting that for the last two years the market of solid biofuels in
Ukraine has increased by almost one third, and so today the producers of solid
biofuels regard branch wood as an important energy resource for increasing
production capacity. However, this situation still is not common and is specific
for only some regions of the country, so, in majority of cases, wood and bark of
branches are considered as non-commercial raw material, they are hardly
used and, mainly, remain in forest for rotting. It should be mentioned that
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about 65-75 % of stand energy is allocated in tree stems, and 15-35 % — in
crowns. In order to facilitate the establishment of quantitative indicators of
energy potential of the mentioned forest energy resource, we propose a set of
standards for estimation of the total energy intensity of live biomass of crown
branches.

3. Total energy intensity of live biomass of stems over bark of pine
stands of natural origin, TJ-ha™

Mean Mean height, m
diameter,

cm 4 6 8 |10 |12 |14 |16 | 18 | 20 | 22 | 24 | 26 | 28
4 0,20 0,38
6 0,19 0,36 0,57 0,81
8 0,34 0,54 0,77 1,03
10 0,33 0,52 0,75 1,00 1,27
12 0,51 0,72 0,97 1,24 1,53
14 0,71 0,94 1,21 1,49 1,80
16 0,92 1,18 1,46 1,76 2,08
18 1,16 1,43 1,73 2,04 2,38
20 1,41 1,70 2,01 2,34 2,69
22 1,39 1,67 1,98 2,30 2,64 3,00
24 1,65 1,95 2,27 2,61 2,96 3,33
26 1,63 1,93 2,24 2,57 2,92 3,29
28 1,90 2,21 2,54 2,89 3,25

4. Total energy intensity of live biomass of stems over bark of pine
stands of artificial origin, TJ-ha™

Mean Mean height, m
diameter,

cm 4 6 8 |10 12 |14 |16 | 18 | 20 | 22 | 24 | 26 | 28
4 0,16 0,32
6 0,14 0,29 0,48 0,71
8 0,28 0,46 0,68 0,93
10 0,27 0,44 0,65 0,89 1,17
12 0,42 0,63 0,86 1,13 1,42
14 0,61 0,84 1,09 1,38 1,70
16 0,82 1,07 1,35 1,66 1,99
18 1,04 1,32 1,62 1,95 2,30
20 1,29 1,59 1,91 2,25 2,62
22 1,27 1,56 1,87 2,21 2,58 2,96
24 1,563 1,84 2,18 2,53 2,92 3,32
26 1,51 1,81 2,14 2,50 2,87 3,27
28 1,79 2,11 2,46 2,83 3,22
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The fragments of the proposed standards for estimation of the total
energy intensity of live biomass of crown branches of pine stands of different
origin with relative stocking 0,7 are shown in Tables 5—6.

5. Total energy intensity of live biomass of crown branches of Scots pine
stands of natural origin, TJ-ha™

digﬂrﬁztner, Mean height, m
cm 4 6 8 |10 12|14 |16 | 18 | 20 | 22 | 24 | 26 | 28
4 0,09 0,08
6 0,12 0,10 0,10 0,09
8 0,172 0,11 0,11 0,10
10 0,14 0,13 0,12 0,12 0,11
12 0,14 0,13 0,13 0,12 0,12
14 0,15 0,14 0,13 0,13 0,13
16 0,15 0,15 0,14 0,14 0,13
18 0,16 0,15 0,15 0,14 0,14
20 0,16 0,16 0,15 0,15 0,14
22 0,17 0,16 0,16 0,16 0,15 0,15
24 0,17 0,17 0,16 0,16 0,16 0,15
26 0,18 0,18 0,17 0,17 0,16 0,16
28 0,18 0,18 0,17 0,17 0,17

6. Total energy intensity of live biomass of crown branches of Scots pine
stands of artificial origin, TJ-ha™

Mean .
diameter, Mean height, m
cm 4 6 8 |10 |12 |14 |16 | 18 | 20 | 22 | 24 | 26 | 28
4 0,09 0,08

6 0,14 0,11 0,10 0,09
8 0,19 0,15 0,13 0,12 0,11

10 0,19 0,16 0,15 0,13 0,12

12 0,20 0,17 0,16 0,15 0,14

14 0,20 0,19 0,17 0,16 0,15

16 0,21 0,20 0,18 0,17 0,16

18 0,22 0,21 0,20 0,19 0,18

20 0,23 0,22 0,21 0,20 0,19

22 0,26 0,24 0,23 0,22 0,21 0,20

24 0,26 0,25 0,24 0,23 0,22 0,21
26 0,29 0,27 0,26 0,25 0,24 0,23
28 0,29 0,28 0,27 0,26 0,25
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Application of the proposed regulatory and reference materials is
effective in cases when tree trunks of the investigated stands will be used as
an energy resource and components of crown live biomass will remain on the
cutting areas (for further rotting) to ensure the nutrients circulation in forest soil
system (during pre-commercial and commercial thinning). Moreover, the
mentioned reference materials are of great value when the industrially
valuable assortments are harvested and only primary forest residues in form of
coarse branches are available for energy purposes [4, 5] (during final harvest).

Tables 7 and 8 contain the fragments of regulatory and reference
materials for estimation of energy intensity of total aboveground live biomass
of pine stands of different origin in Ukrainian Polissya with relative stocking
0,7. These materials will be valuable for practitioners in cases when the total
amount of aboveground live biomass of stands is intended for bioenergy
purposes.

7. Total energy intensity of aboveground live biomass of Scots pine
stands of natural origin, TJ-ha™

Mean :
diameter, Mean height, m
cm 4 16 | 8 |10/ 12[14 16 |18 |20 | 22 | 24 | 26 | 28
4 0,34 0,52
6 0,35 0,52 0,73 0,97
8 0,52 0,72 0,95 1,21
10 0,53 0,71 0,94 1,19 1,47
12 0,71 0,93 1,17 1,44 1,74
14 0,92 1,16 1,43 1,71 2,03
16 1,15 1,41 1,69 2,00 2,33
18 1,40 1,67 1,97 2,29 2,63
20 1,66 1,95 2,27 2,60 2,96
22 1,65 1,94 2,25 2,57 2,92 3,29
24 1,92 2,23 2,55 2,89 3,25 3,63
26 1,91 2,21 2,53 2,87 3,22 3,59
28 2,19 2,51 2,84 3,19 3,56

The developed regulatory and reference tables are designated for
purposes of static assessment and forecast estimation of structure of energy
resources and its energy potential in terms of primary energy content. The
information support is recommended for application during allocation of forest
areas of Scots pine stands in Ukrainian Polissya for logging in course of
different types of thinning as well as of final harvest on areas of final cutting
fund.
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8. Total energy intensity of aboveground live biomass of Scots pine
stands of artificial origin, TJ-ha™

.Mean Mean height, m

diameter,
cm | 4|6 |8 [10[12]14|16]18 |20 |22 |24 26|28
4 032045

6 0,38 0,48 0,65 0,86
8 0,44 0,52 0,67 0,86 1,10

10 0,56 0,69 0,87 1,10 1,36

12 0,72 0,89 1,10 1,35 1,63

14 0,91 1,11 1,35 1,62 1,92

16 1,13 1,35 1,62 1,91 2,23

18 1,36 1,62 1,90 2,21 2,55

20 1,62 1,89 2,20 2,53 2,89

22 1,63 1,89 2,19 2,52 2,87 3,24

24 1,90 2,19 2,50 2,85 3,22 3,61
26 1,90 2,19 2,50 2,83 3,19 3,58
28 2,19 2,49 2,82 3,18 3,55

Conclusions

The results of this research will contribute to the practical
implementation of forest bioenergy development in the study region as one of
the most promising areas for solution of the existing energy problems. The
proposed information support toolbox serves as a basis for implementation of
scientific, environmental, silvcultural and feasibility substantiation of expanded
use of wood energy resources of Ukrainian Polissya, where forest resources
are the determining factor not only for environmental, but also for social and
economic components of public development, providing financial input to the
regional economy and employment for the local population.
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HasedeHo pe3ynbmamu po3pobku HopMamugHo-iHhopmayitiHo2o
3abesrieyeHHss O OUIHKU emicmy eHepaii 8 Had3eMHil imomaci
OepesocmaHie COCHU 38u4alHoOI y nicosux bimoyeHo3ax npupoodHO20 ma
Wmy4HO20 MoxX00XeHHs YKpaiHcbkoz2o [losiiccs. 3arnpornoHogaHo anz2opumm
po3pobrieHHss HopMamugHo-008i0Kosux mabrnuyb 05 OUIHKU eMicmy eHepeil,
AKkul 6asyembcsi Ha pesyrfibmamax MOOest08aHHS KiflbKICHUX rapamempie
KoMroHeHmig ¢bimomacu OepesocmaHie. B ocHogy pobomu roknadeHo
pesynbmamu biomempu4Hoi ouyiHku 110 mumyacosux rnpobHux rnow, (TrI),
3aknadeHuUx y COCHSIKax Wmy4Ho20 rnoxooxeHHs, ma 20 TI1[1 — y cocHsikax
rMPUPOOHO20 NMOXOOXKEHHSI.

Knroyoei cnoea: ykpaiHcbke [loniccsi, eHepeisi, ¢imomaca,
depesocmaH, cmoebyp, kKopa, Oiamemp, eucoma, HOPMamMueHO-
doeidkoei Mamepiasu, COCHa 38u4aliHa.

lMpusedeHnbl pesyrnibmamsl paspabomku HOpMamueHO-
UHpopmMayuoHHo20 obecrieyeHusi Oris OUEHKU coOepxaHusi 3Hepauu 8
Had3eMHoU ¢hbumomacce 0Opesocmoe8 COCHblI OObIKHOBEHHOU 8 J1eCHbIX
gumouyeHosax npupoOHO20 U UCKYCCMBEHHO20 MPOUCXOXOEHUS yKPaUHCKO20
lMonecbs. [lpednoxeH anzopumm pas3pabomku HOPMamMUBHO-CrPaBoOYHbIX
mabnuy 0519 OUEHKU CcOOepxXaHUsl dHepauu, OCHOBaHHbIU Ha pe3yrbmamax
MOOEeUPO8aHUS KOTUYECMBEHHbIX NapamMempo8 KOMIMOHEHMO8 humomacchl
Opesocmoes. B ocHogy pabombl nonoxeHel pe3ynbmambl buomempu4yeckou
oueHku 110 epemeHHbIx npobHbIx naowaded (Bl1l1), 3an0XeHHbIX 8 COCHSKax
UCKyCcCmBeHHo20 rpoucxoxoeHus, u 20 BII[l1 — e cocHskax npupodHo20
MPOUCXOXXOEHUS.

Knroyeenbie cnoea: ykpauHckoe [lonecbe, aHepausi, pumomacca,
dpesocmoli, cmeosi, Kopa, Ouamemp, ebicOma, HOPMamueHO-
cripasoYHble Mamepualsibl, COCHa 06bIKHOBEHHasl.
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