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RESOURCE EFFICIENCY AND RAW MATERIAL USE IN WOOD-
WORKING INDUSTRIES IN EASTERN EUROPE: CHALLENGES AND OP-
PORTUNITIES FOR SUSTAINABLE PRODUCTION

The paper presents the results of research performed for forest sectors. The present researching
is based on the comparison of the forest sectors three ENP countries (Ukraine, Moldova and Georgia)
in the one hand and Polish forest sector from the other hand. In the process of the researching was de-
termined and analyzed the main economic parameters of the forest sectors, the forest resources of the
forest sectors for mentioned above countries, the contribution of these forest sectors to national GDP.
As aresult it has been identified the following challenges of the sustainable production for woodwork-
ing industry in Eastern Europe: economic power of the forest sectors in Eastern Europe shifted towards
forestry; forest sectors in Eastern Europe differ by very poor productivity; there are very few enterpris-
es in forest sectors of ENP countries comparing with EU countries because of complicity of doing
business here; forest sectors of ENP countries produce much less products in in turnover terms; forest
sector’s share in ENP countries does not exceed level of 2 % from national GDP and there is tendency
to constant decreasing of this share.

Keywords: forest sector; turnover; number of enterprises; number of employees; ENP coun-
tries; forest resourses; main challenges and opportunities; sustainable development.

Introduction. Wood is remarkable material since there are at least four extraor-
dinary properties (so-called 4-R properties) of wood as a unique material [1-14]:
e wood is renewable material;
e wood is reused material;
e wood is recycled material;
e wood is refined material.

Some branches which have deal with wood it is possible to unite into forest sector
which we can consider as a very important sector because it offers a simple way to re-
duce the CO; emissions that are the main cause of Climate Change, through:

e the carbon sink effect of the forests;
e the carbon storage effect of wood products;
e substitution of carbon-intensive materials.

ENP eastern countries hold considerable, yet less developed forest resources with
a comparatively average lower land use pressure than in Western Europe (in total 15
million ha). A constantly growing demand for wood raw materials in European markets
(2010: 0.8 billion m?, 2020: 1,1 billion m®, increase by +38%) leads to higher raw mate-
rial imports and growing pressure on forests holding substantial, unexploited wood re-
sources in neighboring Eastern Europe. The main challenge here is to support the de-
velopment of sustainable management regimes of the abundant resource.

The wood-based industries, emerging anew in post-socialist economies, play a
key role in this context, as they could develop an even stronger impact on regional pro-
duction, employment and value adding -on the basis of regional natural resources. As
such, the ENP region is currently gaining in importance as a raw material supplier with
many downsides of a strategic new market for foreign investors (e.g. illegal logging and
timber trade, offshoring of production, cut-throat competition, corruption, etc.).

Wood manufacturing is shaped by a large number of SMEs, mostly lacking prop-
er organizational structures and staff to implement efficiency measures. Improvements
are however urgent, because this SME-dominated sector consumes huge amounts of
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raw material per employee, and in total (ENP eastern countries’ round wood consump-
tion: 10 million m*/y; total forest products: 20 million m*/y).

The forestry and woodworking sector in ENP eastern countries faces major socie-
tal challenges (the unsustainable use of forest resources and wood materials), but shows
decisive opportunities for improvement of the current state (increase of raw material ef-
ficiency and technological upgrading). And therefore it is very important in our point of
view to identify the main chalenges of the sustainable production for woodworking in-
dustry in Eastern Europe.

Odjective. The main objectives of the present research were the following:

e to determine and to analyze the main economic parameters of the forest sectors for such coun-
tries as Ukraine, Moldova, Georgia and Poland;

e to determine and to analyze the forest resources of the forest sectors for mentioned above coun-
tries;

e to determine and to analyze the contribution of these forest sectors to national GDP.

Methods. For researching we use definition ,,forest sector”. In such structure we
decided to include four branches (subindustries) which have deal mostly with solid
wood which we are considering as material that differs by very important economic, so-
cial and ecological mining: forestry, woodworking industry, furniture manufacturing,
carpentry and joinery. The view of one large forest sector was put forward by the Euro-
pean Union to promote a common strategy for sustainable development of one of its
largest industrial sectors. The main idea in this connection was nominally to unite the
main industries or subindustries in one sector regarding decisive significance such re-
source as “forest” to derive valuable conclusions/ideas/measures for guaranteeing of
sustainable development.

The present researching is based on the comparison of the forest sectors three
ENP countries (Ukraine, Moldova and Georgia) in the one hand and Polish forest sector

from the other hand. This “country choice” was motivated by the following reasons:
Ukraine, Moldova and Georgia are ones of the most important in economic terms representatives of
Eastern Partnership; Ukraine, Moldova and Georgia declare their commitments to the European way of
development and it is important to evaluate their “forest possibilities” at the beginning of this way; Po-
land is a country which passed the way from country of socialist camp to the one of the EU leader;
there are a lot of similarities between forest sectors of Ukraine and Poland; there are some similarities
between forest sectors of Moldova and Georgia.

As the main parameters for any forest sector identifying we used the following:
e overall turnover; number of enterprises;
e number of employees.

The present researching is conducted for the five-year’s time period beginning
from 2008 and finishing 2012 but the main comparing are made for 2012.

The forest recourse we characterized by the following indexes: square of the for-
est land, overall timber stock, forest land percentage, procurement of merchantable
wood and others value of which it is possible to derive from mentioned above with help
of some additional ones.

Results and discussion. The obtained results in regards to three main parameters
of the national forest sectors (turnover, number of enterprises and number of employ-
ees) are presented in Table 1. In order to analyze effectiveness of the forest resource for
the different national sectors it has been used ten main indexes presented in Table 2.
Additionally it has been determined these forest sector’s shares to the overall turnover,
to the overall number of employees and to the overall GDP that are presented in Tab. 3.

16



Table 1. Main parameters of the national forest sectors in 2012

Name of the “forest” subindustry Totallv for
Main parameters of the national Wood- Furniture Carpentry Y
forest sector Forestry working in- |manufactur-|(45.22) + Join- national for-
(02) g . est sector
dustry (20) | ing (36.1) | ery(45.42)
Ukraine
Turnover, bil. UAH 6,1 10,3 7,2 0,82 24,42
Number of enterprises, units 991 3128 1548 601 6268
Number of employees, ths. persons| 66,2 43,1 38,5 3,91 151,71
Moldova
Turnover, bil. MDL 0,215 0,223 0,69 0,527 1,655
Number of enterprises, units 27 302 370 77 776
Number of employees, ths. persons| 3,75 2,7 0,95 8,8
|Georgia
Turnover, bil. EUR 6,91 43,59 42,76 - 93,26
Number of enterprises, units 78 213 387 - 678
Number of employees, ths. persons| 4,91 1,867 2,650 - 5,008
Poland
Turnover, bil. PLN 9,32 29,56 28,79 - 67,67
Number of enterprises, units 19190 35597 27047 - 82194
Number of employees, ths. persons| 31,1 101,5 138,6 - 271,2

Table 2. Some indexes which determine forest resources of the national forest sectors (2012)

Index’s name

Index’s value

Ukraine | Moldova | Georgia Poland
Square of the forest land, mil Ha 10,80 0,37 2,82 9,40
Overall timber stock, bil m? 1,80 0,05 0,45 2,40
Forest land percentage, % 15,70 12,70 40,50 30,00
Timber stock per enterprise, ths m>/unit 287,17 57,99 670,35 29,20
Turnover per timber stock, EUR/m? 1,31 2,29 0,21 6,88
Turnover per procurement of merchantable wood, EUR/m? 134,30 210,11 208,40 445,86
Procurement of merchantable wood, ths m? 17506,7 490,0 447.5 37045,0
Timber stock per inhabitant,m3/person 39,09 12,50 103,30 62,83
Population, mil persons 46,05 3,60 4,40 38,20
Square of the forest land per inhabitant, Ha/person 0,23 0,10 0,64 0,25

Table 3. Some parameters of the relative ranking for the national forest sectors (2012)

Index’s value

Index’s name Ukraine | Moldova | Georgia Poland
Forest sector’s share to the overall turnover, % 1,8 3,47 1,4 5,0
Forest sector’s share to the overall number of em- 6.6 12.1 1.0 9.0
ployees, %
Rank by turnover share 9 10 10 8
Forest sector’s share to the overall GDP, % 1,68 1,88 0,90 1,60

Structure of the forest sectors in turnover, number of enterprises and number of
employees terms for such countries as Ukraine, Moldova, Georgia and Poland are pre-
sented in Fig.1...Fig.3. As shown in these figures, structure of the forest sectors is de-
termined by share of different branches within the framework of these forest sectors.
Among these subindustries we used the following ones: forestry, woodworking indus-
try, furniture manufacturing and carpentry (Fig.1...Fig.3).
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Analyzing structure of the forest sectors in turnover terms it is possible to point out that
in Ukraine we have the largest share of the forestry in overall forest sector and it makes up 25
% (Fig. 1). As shown in Fig.3 in Ukraine the largest number of employees works in forestry. In
our opinion two last facts allow to conclude that in Ukraine we can observe “too much atten-
tion” to forestry comparing with other subindustries and other countries. In the same time in
Poland and in Georgia such very important branches which provide secondary timber treat-
ment and therefore can provide more value added as woodworking industry and furniture
manufacturing make up together approximately 90 % (Fig.1...Fig.3). Comparing these shares
with Ukrainian and Moldavian respective parameters we can observe much less such shares.
For instance, taking into account number of employees terms (Fig. 2), it turns out that sum-
ming share of number of employees in woodworking industry and furniture manufacturing in
Ukraine makes up only 54 % and in Moldova respective index is equal to 47%.

As a result, in our point of view, forest sectors of Eastern Neighborhood Partnership
need substantial improving since we can consider forestry in forest sector as raw material
branch, some extract branch saying about industrial capacities (in fact, forestry has some other
very important tasks as planting and saving of the timber stock using sustainable management
rules) and therefore we should replace industrial development to the site of deeper treatment,
towards development and growing of the secondary processing: woodworking industry, furni-
ture manufacturing and carpentry. These changes will allow to increase economical effective-
ness and number of employees. Using data from Table 1 it can determine so-called average en-
terprises for forest sectors of the different countries. In our opinion it is interesting to compare
such indexes as average turnover for forest sector’s enterprise (Fig. 4), average turnover per
employee (Fig. 5) and average number of employees (Fig. 6). As shown in the Fig. 4, in 2012
the largest turnover per forest sector’s enterprise we had in Ukraine while for other countries
from our researching list average turnover approximately is two times less than in Ukraine.

As we can see in Fig. 5 average turnover per employee in Poland is approximately three
times more than in three countries of Eastern Neighborhood Partnership but in Ukraine there is
the largest number of employees for average forest sector’s enterprise (Fig. 6). Analyzing these
three figures we can conclude that the most effective employee works in Polish forest sector
since in average such employee make production in three times more (in turnover terms) than
in other countries (Fig. 5). It is very interesting that the most effective enterprise (in turnover
terms) of the forest sector we have no in Poland as well since according our data the Ukrainian
enterprise differs by the largest turnover (Fig. 4). And what is more, average Ukrainian enter-
prise has more employees than other forest sector’s enterprises in Moldova, Georgia and Po-
land (Fig. 6). Of course there is some contradiction — the most economically powerful employ-
ee we have in Poland but the most powerful enterprise — in Ukraine. We can suggest some log-
ical explanation for this phenomenon — we can assume that in Eastern Neighborhood Partner-
ship countries and particularly in Ukraine there is considerable underestimation regarding
number of enterprises and as consequence number of employees in its forest sector.

There are some reasons of such underestimation. Among them we can determine exist-
ing shadow sector in ENP countries, concealment of real number of employees and enterprises
with purpose of real taxation avoiding. In order to draw some very important conclusions and
to elaborate some recommendations for forest sectors improving we in the process of our re-
searching made comparison for forest sectors of four countries determining four main parame-
ters: turnover, number of enterprises and number of employees. It turned out that the most
powerful forest sector we can assume the Polish forest sector by main parameters mentioned
above. In 2012 turnover of the Polish forest sector made up 16,5 bil EUR while in Ukraine this
index made up 2,35 bil EUR and respectively for Moldova and Georgia we have the same in-
dex — 0,1 bil EUR. There is similar picture in respect to number of employees (Table 1). In to-
day’s difficult social and economic conditions in Europe Union in regard to crisis manifesta-
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tions we tend to consider number of employees as one of the most important index which de-
pend from many different factors including number of enterprises.

As shown in Fig. 7 there is a huge difference between number of enterprises in Polish
forest sector in the one hand and other forest sectors in the second one. In order to lead this da-
ta to a common denominator we should eliminate the influence of such factors as number of
inhabitants and timber stock per inhabitant. In other words it is necessary to take into account
in this case certain country’s dimensions and existence of the forest resources. We can still ob-
serve a very large difference regarding number of enterprises even using such specific indica-
tor as number of enterprises per million of inhabitants (Fig. 8). This difference (between Polish
and other countries) approximately makes up more than a tenfold advantage in comparison to
Ukraine, Moldova and Georgia. And we cannot explain this fact by the difference of forest re-
sources availability since as shown in Fig. 9 Georgia has the largest index of timber stock per
inhabitant. We tend to think that beside such problem as large share of the shadow sector with-
in ENP countries’ forest sectors there is some other one and maybe more important - com-
plexity of doing business in the forest sectors of ENP countries.

In our opinion there are a lot of different conditions which complicate process of the en-
terprises creation in forest sectors such as availability of the timber in these countries, non-
effectiveness of the state ownership in different areas of the forest sector, procedure of the tim-
ber resources sale and some others.

As shown in Fig. 10 and Fig. 11, Poland produces more products in its forest sector in
turnover terms from 1 m® of procurement merchantable wood and from 1 m® of overall timber
stock as well. In this regard we can consider Polish forest sector as the more productive in
comparison to forest sectors of Ukraine, Moldova and Georgia.

Forest sectors structure in turnover terms Forest sectors structure in number of enterprises terms
(2012; %/subindustry) (2012; %/subindustry)
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Of course, there is considerable difference between price for forest sector’s prod-
ucts in EU, particularly in Poland and in ENP countries but nevertheless we should de-
rive value added from timber unit as much as possible because of exclusive ecological
and economical mining of timber using sustainable development approach.

There is some fact in our researching which we can consider as a common disad-
vantage, as shortcoming using which we can characterize forest sectors of four countries
from our searching list — forest sector’s share does not exceed level of 2 % from nation-
al GDP (Fig. 12). And what is more, according our researching this share has tendency
to constant decreasing, that we cannot consider as sustainability manifestation.
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Conclusions. As a result in the process of our researching we identify the following

chalenges of the sustainable production for woodworking industry in Eastern Europe.

1. Economical power of the forest sectors in Eastern Europe shifted towards forestry while sec-
ondary processing differs by poorer capacities and this fact hamper comprehensive sustainable devel-
opment of these forest sectors, cause very poor value added.

2. Forest sectors in Earsten Europe differ by very poor productivity, since in average, one em-
ployee produces much less than in EU and therefore forest sectors in ENP countries need considerable
productivity improving through, for instance new technologies, new tools and eguipment, innovations
and restructuring.

3. There are very few enterprises in forest sectors of ENP countries comparing with EU countries
because of complicity of doing business here: availability of the timber in these countries, non-
effectiveness of the state ownership in different areas of the forest sector, procedure of the timber re-
sources sale.

4. Forest sectors of ENP countries produce much less products in in turnover terms from 1 m* of
procurement merchantable wood and from 1 m® of overall timber stock as well and it is necessary con-
siderable increasing of secondary treatment effectiveness.

5. Forest sector’s share in ENP countries does not exceed level of 2 % from national GDP and
there is tendency to constant decreasing of this share.

Acknowledgement. This paper is carried out within the framework of the FP7 project RERAM
"Bridging Gaps Between R21I in Resource Efficiency and Raw Materials" (EU FP7 project no. 609573;
01/06/2014-31/05/2016; www.reram.eu).

References

1. Barbu, M.C., 2011 Current developments in the forestry and wood industry. Pro Ligno 2011
Vol. 7(4): 111-124.

2. Brenneke, G. (ed.), 2009. European sector monitor of the wood/furniture industry. INNOTrans
project report. Arbeit und Leben Bielefeld e.V., Bielefeld. 92 p.

3. Carlsson-Aubry, C., Castronovo, J. 2008. Forest-based industries in the EU-27. Statistics in
Focus 74, EUROSTAT - Statistical Office of the European Communities.

4. Kies, U., Klein, D., Schulte, A. 2010. Germany’s forest cluster: exploratory spatial data analy-
sis of regional agglomerations and structural change in wood-based employment — Primary wood pro-
cessing. Forstarchiv 81: 236-245.

5. Kies, U., Mrosek, T., Schulte, A. 2009. Spatial analysis of regional industrial clusters in the
German forest sector. International Forestry Review 11(1): 38-51.

6. Klein, D., Kies, U., Schulte, A. 2009. Regional employment trends of wood-based industries
in Germany’s forest cluster: a comparative shift-share analysis of postreunification development. Eu-
ropean Journal of Forest Research 128(3): 205-219.

7. Kiyko O.A., Kiyko I.0. Economical-mathematical model of the Ukranian forest sector func-
tioning. Collection of scientific and technical papers. Scientific announcer of the UNFU. Edition Ne
22.12. Lviv, 2012. — P. 349-357.

21



8. Kiyko O. A. Prognosis of development of some subindustries of forest sector of Ukraine. Col-
lection of scientific papers of the Forest Academy of Ukraine. Edition Ne 6. Lviv, 2009. - P. 43-46.

9. Gayda S.V. (2011): The investigation of physical and mechanical properties of wood parti-
cleboards made from post-consumer wood. Forestry, Forest, Paper and Woodworking Industry
37(2):95-110.

10. Gayda, S., Dyak, T. (2011) The analysis of economic efficiency of post-consumer wood use
for particleboard manufacture for LLC Swisspan Limited. Forestry, Forest, Paper and Wood-working
Industry, 37.2, 129-136.

11. Gayda S.V. (2013): Tekhnologii ta rekomendatsii do vikoristannya vzhivanoi derevini v
derevoobroblenni [Technologies and recommendations on the utilization of post-consumer wood in
woodworking industry]. Forestry, Forest, Paper and Woodworking Industry 39(1):48-67, (in Ukraini-
an).

12. Gayda S.V. (2014): Techniques for recycled of post-consumer wood in the production of quali-
ty particleboard. Forestry, Forest, Paper and Woodworking Industry 40:41-51.

13. Gayda S.V. (2014): Teoreticheskoye obosnovaniye podkhoda po prognozirovaniyu prochnosti
drevesnostruzhechnykh plit iz vtorichno ispol'zuyemoy drevesiny [The theoretical rationale for the ap-
proach on the prediction the strength of particleboard from recycled wood]. Actual problems of forest
complex 38:212-216 (in Russian).

14. Gayda S.V. (2015): Issledovanie fiziko-mekhanicheskikh svoystv vtorichno ispol’zuemoy
drevesiny [Investigation of physical and mechanical properties of post-consumer wood]. Actual prob-
lems of forest complex 43:175-179 (in Russian).

YV]K 674 Ilpog. O.A. Kiiiko, 0-p mexn. nayk — HIITY Ykpainu;
Yee Kic, o0-p ¢pinocoghii — MLTi/l, Himeuuuna

PecypcoedeKTHBHICTH BUKOPUCTAHHS CHPOBHMHHM Y /1epeB000OPOOHIil MPOMHUCI0BO-
cti CxigHoi €Bpony: BUKJIMKHU I MOKJIMBOCTI VISl CTAJIOT0 PO3BUTKY

[IpencraBneHo pe3yabTaTH JOCIHIKEHb, SKI MTPOBEACHHI VIS JIICOBOTO ceKkTopa. JlocimimKeHHs
0a3yeThbcs Ha MOPIBHAHHI JIICOBUX CEKTOPIB TpboX KpaiH CxinHoro maptHepcTBa (Ykpaina, Mongosa i
['py3is) 1 micoBoro cektopy I[lompmi. ¥ mporieci gocmipkeHHsT Oy0 BU3HAYEHO 1 MpoaHaIi30BaHO OC-
HOBHI €KOHOMIYHI MOKAa3HHUKH JIICOBHX CEKTOPIB Ta JICOBUX PECYpCiB AJIS 3rajJlaHuX BHILE KpaiH, Mpo-
aHaJI30BaHO BHECOK IMX JicoBUx cekTopiB y BBII kpaiau. B pesynpraTi Oynu BU3HAYCHI HACTYMHI
npoOJIeMH CTAIOTO PO3BUTKY IS IEPEBOOOPOOHOI mpomucioBocti y CxinHid €Bporri: eKOHOMIYHA
MiIlb JTicoBOro cekropa B CximHii €Bpori 3mimieHa B 01K JIICOBOTO TOCIOJAPCTBA; JICOBI CEKTOPH B
kpainax CxinHoi €BponH BiAPI3HAIOTHCS AY>K€ HU3BKOIO MPOAYKTUBHICTIO; AY>KE€ MAIAKUIBKICTh M-
PUEMCTB B JIICOBUX cekTopax kpain CximHoro [TapTHepcTBa B mopiBHsHHI 3 KpaiHamu €C depes ckia-
JHICTb BeleHHs Oi3Hecy; JCOBi ceKTopu kpaiH CXiJHOTrO MmapTHEPCTBA BUPOOJISAIOTH Ha0araTo MEHIIe
MIPOJIYKTIB 3 000POTY; YacTKa JIICOBOTO CEKTOpa B KpaiHax CXiJHOTO MapTHEPCTBA HE MEPEBUIIYE Pi-
BeHb 2% Bix HamoHansHOro BBII 1 € TeHneHIis 10 TOCTIHHOTO 3MEHIIIEHHS I1€] YaCTKU.
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kpaiau CEIL; micoBUX pecypciB; OCHOBHI MTPOOJIEMH Ta MOKIUBOCTI; CTaJIHi PO3BUTOK.
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PREDICTION OF THE DURABILITY OF THERMOPLASTIC
ADHESIVE PINE WOOD JOINTS

Abstract. Presented here are the results of predicting the durability of thermoplastic adhesive
joints of pine wood by means of mathematical models. An analysis was made of the obtained results,
on the basis of which it is established that with increasing the ambient temperature, the durability of
thermoplastic polyvinyl acetate adhesive pine wood joints with the degree of load D4 decreases, and
when the ambient humidity increases, the durability, by contrast, is slightly increasing.
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