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ABSTRACT - The study investigates the production of harvested wood products in Slovenia by applying the
volumetric material flow analysis (MFA) from processed roundwood to secondary product. The study provides the
methodological approach for data collection and consistency assessment to support nation-wide wood MFA by
complementing FAOSTAT data with selected data categories of PRODCOM data. Consistency between the two
datasets was found to be satisfactory, suggesting that the two datasets can together support wood product MFA.
However, for PRODCOM to be applied without extensive prior analysis, further methodological improvements
of the databases would be required. MFA for Slovenia for the period 1994 — 2021 was carried out to understand
pathways and magnitudes of wood flows in Slovenia. The MFA demonstrated that for many secondary products
produced in Slovenia, there is clearly a lack of domestic resources (veneer, particle boards, and sulphite chemical
and mechanical wood pulp). On the contrary, despite the abundance of the primary resource, few secondary prod-
ucts are made using non-coniferous wood. This research highlights the importance of detailed and accurate wood
product data to support the MFA in identifying missed opportunities to create value and/or reduce environmental
footprint of the national wood products industry.

KEYWORDS: ’harvested wood products; material flow analysis; PRODCOM database; FAOSTAT Forestry
Production and Trade; secondary wood products

SAZETAK * U radu se istrazuje proizvodnja artikala od drva posjecenoga u Sloveniji, i to volumetrijskom anali-
zom toka materijala (MFA) od preradene oblovine do sekundarnog proizvoda. Studija donosi metodoloski pristup
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prikupljanju podataka i procjeni konzistentnosti kako bi se podrzala nacionalna analiza toka materijala drva
dopunjavanjem podataka FAOSTAT-a odabranim kategorijama podataka PRODCOM:-a. Utvrdeno je da je konzi-
stentnost izmedu dva skupa podataka zadovoljavajuca, sto sugerira da dva skupa podataka zajedno mogu podrzati
MFA drvnih proizvoda. Medutim, da bi se PRODCOM primijenio bez opsezne prethodne analize, potrebna su
daljnja metodoloska poboljsanja baza podataka. Volumetrijska analiza toka materijala za Sloveniju za razdoblje
1994. — 2021. provedena je kako bi se razumjeli putovi i velicine tokova drva u Sloveniji. Analiza je pokazala da
za mnoge sekundarne proizvode proizvedene u Sloveniji ocito nedostaje domacih resursa (furnira, iverice te sul-
fitne kemijske i mehanicke drvne pulpe). Usto, unatoc obilju primarnih resursa, malo se sekundarnih proizvoda
proizvodi od listaca. U istrazivanju se naglasava vaznost detaljnih i tocnih podataka o drvnim proizvodima kako bi
se podrzala MFA u prepoznavanju propustenih prilika za stvaranje vrijednosti i/ili smanjenje utjecaja nacionalne

industrije drvnih proizvoda na okolis.

proizvodi od posjecenog drva, analiza toka materijala; baza podataka PRODCOM-a; su-
marska proizvodnja i trgovina FAOSTAT-a; sekundarni drvni proizvodi

1 INTRODUCTION

Environmental aspects of wood use are becom-
ing increasingly important due to the global societal
climate and biodiversity crises (Ripple et al., 2020). In
Slovenia, forests are sustainably managed using close-
to-nature management techniques which avoids clear
cuts. On average, around 50 % of the yearly stock in-
crease is harvested (Pisek et al., 2023). Slovenia man-
aged to strengthen the role of forestry, wood process-
ing and the paper industry in the circular bioeconomy
in recent years (S¢ap and Triplat, 2023). However,
there are still unexploited opportunities to substitute
carbon intensive materials with wood as well as im-
prove the environmental footprint of industry and con-
struction in line with the Strategy of Development of
Slovenia (So03 et al., 2017), which aims to increase the
GDP per CO, emission eq. by at least 10 % by 2030.
Wood-based carbon storage can offset a significant
share of CO, emissions in the mid-term (Steel, 2021) if
the industry favours the production of long-lasting
products, such as construction wood as opposed to us-
ing wood for short-lived products like wood fuel or
paper products.

Besides the favourable environmental profile of
wood use, wood products manufacturing is also an im-
portant sector of economic activity. The added value of
forestry, primary wood processing, the furniture indus-
try and the paper sector, has accounted for an average
of 2 % of gross domestic product in the period 2021—
2023 (SORS, 2024). The bottleneck of Slovenian
wood-based value chain is the poorly integrated and
technologically outdated wood-processing industry
(Arnic€ et al., 2024). Forest-based industry experienced
a significant down-sizing in the last 30 years after Slo-
venia’s independence, Slovenia’s entrance to the Euro-
pean Union, and change of the currency from tolar to
euro. According to the Slovenian Forestry Institute, the
share of exported forest wood assortments for indus-
trial processing has been gradually decreasing since
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2016. However, it was still estimated to account for 39
% of forest wood assortment production in 2023 (S¢ap,
2024). According to available sources, Slovenia ex-
ports more wood-based products with a low added
value (e.g. roundwood) and less products with high
added-value (e.g. furniture) (Sodja, 2018).

Due to the great potential of wood manufacturing
in the societal transition towards a low carbon, green,
circular society, an understanding of the material flows
of wood from harvest to final product is important.

Nation-wide assessments of the environmental
potential of wood use in Slovenia have been undertak-
en a few times in the recent past. Piskur and Krajnc
(2009) outlined the roundwood flow from harvest to
primary wood product, including waste streams. Schau
et al. (2023), Kutnar et al. (2020), and Tavzes et al.
(2024) concluded that the lack of data currently repre-
sents a limitation for the optimisation of the Slovenian
wood-processing chains in environmental, economic,
and social terms. While there are several studies avail-
able on primary wood products (S¢ap, 2020; Séap,
2024), few analyses of national production of second-
ary wood products have been carried out.

Internationally, there are studies of life cycle
analyses that compare single wood products to non-
wooden alternatives abound (D’Amato et al., 2020),
but for upscaling the results of micro level studies to
macro scale circularity studies of the sector, more com-
prehensive data on manufactured products and wood
flows is needed. According to existing studies, the cou-
pling of the established methodologies of life cycle and
material flow analysis (Barkhausen et al., 2023; Merli
et al., 2017) holds promise for more accurate macro-
level assessments. For Slovenia, currently available
data in the FAO Forestry Production and Trade data-
base (FAO, 2024) includes sawmill products, cellu-
lose/boards and secondary paper products. This dataset
does not include secondary wood products, specifically
wooden consumer goods and secondary products used
in construction. However, these products represent the
largest potential of wood as a resource to improve soci-
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etal environmental performance, as they are character-
ised not only by a lower environmental footprint than
the alternatives used today but also by high substitution
potential (Hurmekoski ef al., 2021). Comprehensive
material flow analysis of the wood value chain would
enable the advancement of the methodology of macro
level (regional or national scale) environmental perfor-
mance of wooden products (Wang and Haller, 2024),
which is currently still challenging to quantify due to
the lack of comprehensive data on final products (Elia
et al., 2017; Hurmekoski ef al., 2021).

The present study aims to merge the FAOSTAT
(FAO, 2024) and PRODCOM (SORS, 2009) wood
product data for the period of 1994 — 2021, evaluate
their usability and analyse their data. The first objective
was to examine the methodological approach to data
collection for nation-wide wood MFA, including an
evaluation of accuracy of the identified data sources.
The second objective was to undertake an analysis of
historical wood MFA for Slovenia to understand path-
ways and magnitudes of wood flows. The research
question of the study was whether PRODCOM data
can complement FAOSTAT data for secondary wood
product categories and whether the resulting joined da-
taset can support a national MFA.

2 MATERIALS AND METHODS

The paper followed the established methodologi-
cal guidelines on wood material flow analysis (Marques
et al., 2020) as well as the community guidelines for
the presentation of results (Pauliuk, 2021). After un-
dertaking the steps for obtaining wood flows and ana-
lysing their accuracy, a network of input and output
flows of the system defined is presented in Figure 1.

2.1 System boundaries

Due to the fact that most products in FAOSTAT
and PRODCOM datasets are reported in volumetric
units, this was the selected approach for the material
flow analysis. Figure 1 shows volumetric flows from
harvested wood until the secondary wood products,
limiting the system boundaries to the domestically har-
vested wood. However, it is important to note that in-
termediate producers could have imported the resource
to produce their products and that the wood harvested
in Slovenia could have been directly exported, both of
which was not observed in this study. However, the
producers have to report all manufactured quantities to
PRODCOM, even if the products are later exported.
The MFA therefore corresponds to quantities produced
in Slovenian factories and not to quantities that enter
the market or are consumed domestically.

In relation to residues and wastes, only a small part
is reported in the framework of PRODCOM/FAOSTAT
data, as most residues are used already internally by the
manufacturers, either as a filler or as a source of heat/
electricity. The known amounts of residues (agglomer-
ates — pellets and briquettes, sawdust, chips and parti-
cles) were categorised as ‘wood fuel products’, which
includes all wood products intended for the production
of heat and/or electricity. It is still important to note that
some of these quantities could have also re-entered the
material flow elsewhere (for example board manufactur-
ing), but in the present study we did not have the infor-
mation to what extent and where this occurs.

There are other important factors to consider
when observing volumetric flows. Moisture content is
generally reduced from harvest to secondary product,
going from 20 % of the total mass to as low as 6 % of
the total mass in boards or secondary products (FAO,
ITTO and United Nations, 2020). The volume of har-
vested wood in Slovenia is recalculated to 20 % mois-
ture even if it contains more in reality, to ensure com-
parability of data regardless of the time and weather
conditions around the harvest (Gersak, 2021). Below
20 % moisture content, 1 % moisture causes a decrease
of 0.25 in volume, meaning that going from a mass
content moisture of 20 % to 6 % in the investigated
MFA in certain products introduces an error of 3.5 % in
the entire MFA. Considering the poor availability of
moisture content data and relatively low effect on the
volumetric flow, the moisture content was not observed
in this study.

Another factor affecting volumetric flows are ad-
ditives, which are mostly added in the production of
paper products and boards. For cellulose products, a
recalculation into solid wood required per metric ton of
product was made, using conversion factors as provid-
ed by Slovenian Pulp and Paper Institute (Table 1). For
boards, additives account for about 10 % of total mass.
However, as they mostly fill empty spaces in the prod-
uct (fibreboard, plywood), their effect was neglected in
this study.

2.2 Materials

FAOSTAT Forestry data is annually prepared by
the Statistical Office of the Republic of Slovenia
(SORS) in cooperation with the Slovenian Forestry In-
stitute — SFI (Séap et al., 2019; Séap et al., 2020; S¢ap
et al., 2021) via an analysis of roundwood production
structure obtained at the source, which is further bro-
ken down to end-uses. The SFI obtains this data annu-
ally, directly from stakeholders of the forest-wood
chain (géap, 2022). PRODCOM, on the other hand, is
managed by the SORS and includes the quantities of
industrial products (in case of wood products volume,
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System boundaries
*all quantities in m?

COLOR CODE - DATA SOURCE

FAOSTAT dataset
PRODCOM dataset

PRODCOM dataset
Data not available

Property affecting ‘
volumetric flow

HARVESTED WOOD
(including 4 distinct
categories: wood for

sawmills/veneer,

wood for cellulose,
wood for boards,
wood for fuel)

WOOD FOR
SAWMILLS AND
VENEER

WOOD FOR
BOARDS

WOOD FOR
CELLULOSE

WOOD FOR FUEL

PRIMARY SAWMILL
AND VENEER
PRODUCTS

PRIMARY WOODEN
BOARD PRODUCTS

PRIMARY PULP
PRODUCTS

WOOD FUEL
PRODUCTS

SECONDARY
SAWMILLAND
VENEER
PRODUCTS

SECONDARY
PRODUCTS MADE
OF BOARDS

SECONDARY PULP
PRODUCTS

MOISTURE
CONTENT

IMPORTED/EXPORT

OF WOOD/ WOOD
PRODUCTS

WOOD RESIDUES

ADDITIVES
(BINDERS,
COATINGS)

Figure 1 System boundaries of the study (red dotted line) and the dataset used (blue boxes: FAOSTAT, yellow/green/brown/

red boxes: PRODCOM)

Slika 1. Granice sustava studije (crvena isprekidana linija) i ukljueni skup podataka (plavi okviri: FAOSTAT, zuti/zeleni/

smedi/crveni okviri: PRODCOM)

STEP 1: Selecta
relevant subset of
PRODCOM
categories for each
year 1994-2021

STEP 2: Aggregate
annual PRODCOM
databases into 1994 -
2021 database

STEP 3: Aggregate
PRODCOM
categories based on
FAO classification
(Table 1)

STEP 4: Is the
product of interest
reported in m3?

STEP 5: Convertunit
from
m2/EUR/mt/piece to
m? (Table 1)

-

RESULTS 4.1 - COMPARING
PRODCOM and FAOSTAT

PRODCOM
Production volume

FAOSTAT
Production volume

STEP 6: Determine
m?2 inputrequired to

manufacture the
productvolume
(Table 1)

PRODCOM
Demand volume

Figure 2 Flowchart illustrating the steps for restructuring PRODCOM databases into the studied FAO wood product

categories

Slika 2. Dijagram toka koji ilustrira korake za restrukturiranje PRODCOM-ovih baza podataka u prouc¢avane FAO kategorije

drvnih proizvoda
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mass, number of items, or the value of items), which
have undergone a process of industrial transformation,
annually reported by the companies according to EU
Regulation (Regulation (EU) 2019/2152 of the Euro-
pean business statistics, 2019).

Data selection, cleaning, aggregation and unit con-
version had to be carried out to ensure that the data was
robust and comparable with FAOSTAT data. PROD-
COM Classification underwent changes during the ob-
served period 1994 — 2021, which means that the cate-
gories of registered products were not identical in every
year and reconciliation between years was needed.

During data processing, PRODCOM categories
were selected (Step 1, Figure 2) and aggregated (Step 2,
Figure 2) applying SPSS to categories of wood products,

which existed throughout the observed period and also
appeared in the FAO database (Step 3, Figure 2). Then,
all categories of interest were converted into the unit of
volume of wood (Step 4 and 5, Figure 2), since in
PRODCOM one finds not just volumetric units, but also
mass (categories of wood chips, particles, flour, con-
sumer products), number of items (consumer products)
and value (wooden houses). All products, reported in a
unit other than volumetric, were recalculated to m3
product according to forest product conversion factors
(FAO, ITTO and United Nations, 2020) and are sum-
marised in Table 1. From the resulting production vol-
ume of a specific product, the wood demand for the
manufacturing was calculated (Step 6, Figure 2) based
on the input — output ratios found in literature (Table 1).

Table 1 List of categorised wood products included in the study (obtained from both FAOSTAT and PRODCOM databases)

with corresponding conversion units

Tablica 1. Popis kategoriziranih drvnih proizvoda uklju¢enih u studiju (dobivenih iz baza podataka FAOSTAT-a i

PRODCOM-a) s odgovaraju¢im konverzijskim jedinicama

Unit conversion / Pretvorba jedinica
PRODCOM Factor for convertin Input required for 1 m® product
Reporting PRODCOM unit in t% (roundwood in case of primary
Category Wood product unit . products and sawnwood/particle
Kategorija Drvni proizvod PRODCOM- Faktor za pretvorbu boards in case of secondary products)
ova izvjeStajna PROD Cg M-ove Ulaz potreban za | m® proizvoda
Jedinica edinice u m’ (oblovine za primarne proizvode i piljene
J grade/iverice za sekundarne proizvode)
Coniferous sawnwood s Already in m? s .
e T m’ . ; 1.8 m’ roundwood / oblovine
Pri piljena grada Cetinjaca vec izrazeno u m
rlma?‘l}l/ Non-coniferous sawn- Already in m®
sa\g/ml wood m’ vec izrc}zlzveno wm 1.7 m* roundwood / oblovine
alrlo dve;l:er piljena grada listaca
u :
zrimami Boards with rounded
3 3
pilanski i ec'lg.es or ends L. m? Alr,e.adyvln m s 1.8 m® roundwood / oblovine
furnirski piljenice zaobljenih vec izrazeno u m
‘proizvo di rubova ili krajeva
Veneer 5 Already in m* s .
Sfirnir m vel izrateno u 1.8 m? roundwood / oblovine
Plywood s Already in m* 5 .
uslojene furnirske ploce m vec izrazeno u m* 2.3 m’ roundwood / oblovine
: P
Primary Partvl cl'e bqards m’ Alr,e‘adyvm m ; 1.3 m’ roundwood / oblovine
i ploce iverice vec izrazeno u m
pulp - —
products Flbrveboard . m’ alr?gdy om s 1.7 m’ roundwood / oblovine
vimarni ploce viaknatice vec izrazeno u m’
pri . | Mechanical wood pulp 2.6 m* wood per ton ; .
proizvodi . t S . 1.04 m® roundwood / oblovine
od pulpe mehanicka drvna pulpa 2,6 m’® drva po toni
Sulphite chemical wood 4 1m° wood per ton
pulp / sulfitna kemijska t 41 diva 1; roni 1.04 m® roundwood / oblovine
drvna pulpa p
Chips and particles 5 1 m? roundwood (waste product)
Wood fuel iverje i Cestice ke 150 kg/m 1 m® oblovine (drvnih ostataka)
rgguctlsle Pellets and agglomerates K 652 ke/m?® 1 m® roundwood (waste product)
E voizvodi peleti i aglomerati £ & I m® oblovine (drvnih ostataka)
za ogrjev r/(;;)izZi:ii:‘%fll)omerates K 652 ko/m’ 1 m? roundwood (waste product)
o(tgpa da g & & 1 m? oblovine (drvnih ostataka)
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Table 1 Nastavak
Tablica 1. Continued

Unit conversion / Pretvorba jedinica
PRODCOM . Input required for 1 m® product
R q Factor for converting q 5
eporting PRODCOM unit into (roundwood in case of primary
Category Wood product unit m? products and sawnwood/particle
Kategorija Drvni proizvod PRODCOM- boards in case of secondary products)
AT Faktor za pretvorbu 3o
ova izvjestajna Ulaz potreban za 1 m* proizvoda
g PRODCOM-ove . . ; 5
Jedinica L 9 (oblovine za primarne proizvode i piljene
Jedinice u m N .
gradel/iverice za sekundarne proizvode)
Packing boxes 5 5 e
Jutije za pakiranje kg 470 kg/m 1.1 m* sawnwood / piljenog drva
Pellets / peleti ;?O'j(;cfol;egz 0.04012 m’/per pellet | 1.1 m* sawnwood / piljenog drva
2.04 m* sawnwood for glulam (calculated
from yield 48.8 %), 2.08 m* glulam for
18.27 kg/window, window glulam (calculated from yield 48 %)
. . no. of items | density 470 kg/m? 2,04 m® piljenog drva za lijepljeno
Windows / prozori broj komada | 18,27 kg/prozor, lamelirano drvo (izracunano prema
gustoca 470 kg/m? iskoristenju 48,8 %), 2,08 m® lijepljenoga
lameliranog drva za prozore (izracunano
prema iskoristenju 48 %)
29.7 kg/door, density
no. of items | 728.9 kg/m’ 5 e
Doors / vrata broj komada | 29,7 kg/vrata, gustoca 1.2 m* sawnwood / piljenog drva
728,9 kg/m®
Conerete shuttering k 450 kg/m’ 1.1 m* sawnwood / piljenog drva
betonske oplate & & ’ pryenog
Flooring p a nels cm 1.5 cm/m? 1.1 m* sawnwood / piljenog drva
podne ploce
item weight 39 kg,
Office furniture no. of items mater31a1 dens1.ty 728 - 5 . L
. L . kg/m?® / masa jedinice | 1.2 m? particle board / ploca iverica
uredski namjestaj broj komada 39 kg, qustoca
SS:VTI?;]S? Y materijala 728,9 kg/m®
and veneer item weight 21.2 kg,
products Salesroom furniture 1o, of items material density 728.9
selundarni | 1amestaj za prodajni bra" komada kg/m? / masa jedinice | 1.2 m? particle board / ploca iverica
pilanski i prostor 4 21,2 kg, gustoca
Farnirski materijala 728,9 kg/m?
‘proizvodi item weight 33.2 kg,
Kitchen furniture no. of items mater;al den51Fy 728 9 5 . L
o S . kg/m’ / masa jedinice | 1.2 m’ particle board / ploca iverica
kuhinjski namjestaj broj komada 33,2 kg, gustoca
materijala 72,9 kg/m?
item weight 9.6 kg,
Bed slats no. of items mateglal dens1.ty 470 5 e
. . kg/m? / masa jedinice | 1.2 m® sawnwood / piljenog drva
letvice za krevet broj komada 9,6 ke, gustoca
materijala 470 kg/m?
item weight 40.1 kg,
Bedroom furniture 1o, of items material density 470
namjestaj za spavacu br(;' komada kg/m? / masa jedinice | 1.2 m* sawnwood / piljenog drva
sobu J 40,1 kg, gustoca
materijala 470 kg/m?
Dining and living room item weight 38.4 kg,
furniture 1o, of items material density 470
namjestaj za bro.' komada kg/m? / masa jedinice | 1.2 m’ sawnwood / piljenog drva
blagovaonicu i dnevni 4 38,4 kg, gustoca
boravak materijala 470 kg/m?
item weight 30 kg,
Other wooden furniture no. of items mater31a1 dens1.ty 728 9 N . Co
. ! S . kg/m’ / masa jedinice | 1.2 m’ particle board / ploca iverica
ostali drveni namjestaj broj komada ;
30 kg, gustoca
materijala 728,9 kg/m®
190 DRVNA INDUSTRIJA 77 (2) 185-200 (2026)
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Table 1 Nastavak
Tablica 1. Continued

Unit conversion / Pretvorba jedinica

materijali za pakiranje

PRODCOM . Input required for 1 m® product
q Factor for converting q 5
Reporting PRODCOM unit into (roundwood in case of primary
Category Wood product unit m products and sawnwood/particle
Kategorija Drvni proizvod PRODCOM- boards in case of secondary products)
AT Faktor za pretvorbu 3o
ova izvjestajna Ulaz potreban za 1 m* proizvoda
g PRODCOM-ove . . . 5
Jjedinica L 9 (oblovine za primarne proizvode i piljene
Jedinice u m N .
gradel/iverice za sekundarne proizvode)
3.7 m* of roundwood
Graphic papers . per ton product 1.01 m?® chemical/mechanical pulp
Secondary | graficki papiri 3,7 m® oblovine za 1,01 m?® kemijske/mehanicke pulpe
paper and tonu proizvoda
pulp Sanitary and household 4.9 m? of roundwood
products papers ‘ per ton product 1.01 m? chemical/mechanical pulp
sekundarni | sanitarni papir i papir za 4,9 m® oblovine za 1,01 m3 kemijske/mehanicke pulpe
proizvodi | ku¢anstvo tonu proizvoda
od papira i 4 m’ of roundwood per 0.01 m? chemical/mechanical pul
pulpe Packaging materials ton product ' puip

s . L.
4 m oblovine =a tom 1,01 m? kemijske/mehanicke pulpe

proizvoda

*Conversion factors come from FAO, ITTO and UN (2020) report “Forest product conversion factors” and are provided by
experts from InnoRenew CoE, Slovenian forestry Institute and Pulp and Paper Institute of Slovenia.

*Faktori konverzije potjecu iz izvjes¢a FAO-a, ITTO-a i UN-a (2020.) ,, Faktori konverzije Sumskih proizvoda”, kao i od
strucnjaka iz InnoRenew CoE-a, Slovenskoga Sumarskog instituta i Slovenskog instituta za celulozu i papir.

2.3 Methods

2.3.1 Accuracy of PRODCOM wood product
data in relation to FAOSTAT data

PRODCOM data of wood products were anal-
ysed observing the accuracy of the data in relation to
FAOSTAT. While undertaking the analysis, historical
trends were examined to provide additional insights
into the discrepancies where they appear.

The accuracy of PRODCOM data in relation to
FAOSTAT data is evaluated by calculating relative per-
centage difference between wood products volumes of
both datasets. The relative percentage difference (RPD)
between two product values is calculated by determining
the relative difference between both quantities across dif-
ferent measurements or samples and dividing it with a
mean value of the quantities (Tornqvist et al., 1985) as
described in Eq. 1, while Eq. 2 specifies average relative
percentage difference, RPD,. Based on the visual charac-
teristics of the data, the following cut-off values were
used to visualise the result more easily: 20 % RPD as
satisfactory, up to 30 % as acceptable, and over 30 % in-
dicates an issue in PRODCOM data accuracy. Low data
accuracy means that more research is needed to explain
the high RPD, and a further data validation study should
be done prior to using PRODCOM data for the MFA.
RPD = |FAOSTAT — PRODCOM |

- (FAOSTAT+PRODCOM)

2

100 (1)

For an overall RPD, an average of annual RPD
values was calculated for each category of wood prod-
ucts (Eq. 2).

— |RPD, gy, | +|RPDyygs| + ...+ |RPD, |

! No.RPD

2

2.3.2 Material flow model based on
PRODCOM and FAOSTAT data

Material flows of the volumes (m?®) of wood from
roundwood produced to secondary products in Slove-
nia for the years 1994 and 2021 are demonstrated and
analysed with the help of Sankey diagrams. The arrows
in diagrams demonstrate the transformations of wood
volume from one state to another, whereby the width is
proportional to the flow rate.

Sankey diagrams also contain volumes of losses
at the production stage, which are calculated based on
the difference between the roundwood going into saw-
mills/pulpmills/fuelwood production and the quantity
of products coming out of this process. This difference
was considered as production waste.

In cases where primary wood products do not sat-
isfy the demand to produce a given secondary product,
the Sankey diagram includes a depiction of ‘imported
resource’. This is not a representation of the total im-
ported resource in a given year, but rather the mini-
mum import required to produce the secondary prod-
ucts as specified in the PRODCOM database.

Categories of products, which were produced in
quantities of less than 10.000 m?, were excluded from
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the chart. Additional limitation of the study is that it
does not include real data on trade of wood products
(import and export). The limitation was mitigated by
defining the system boundaries to be domestically
manufactured products. The method assumed that the
available quantity of (domestically sourced) input ma-
terial is converted in the manufacturing process, al-
though we are aware that in reality some of the resource
is exported and some is imported, depending on the
market dynamics.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Trends in quantities of wood products
for different product groups 1994 - 2021

Kretanje koli¢ina drvnih proizvoda za
razliCite skupine proizvoda od 1994.
do 2021.

3.1.

Historical trends in wood product manufacturing
are a result of numerous factors, such as natural pro-
cesses in the forests (e.g. bark beetle infestations, se-
vere weather events, fires) and business environment
(government measures, trade dynamics, closures/open-
ings of production lines and other changes in the value
chain). Small deviations between PRODCOM and
FAOSTAT data are expected, as the sources are differ-
ent, but large discrepancies might indicate reduced ac-
curacy of PRODCOM data. Therefore, it is important
to know in which categories of products PRODCOM
data shows good accuracy, as it means that it can ef-
fectively complement other datasets in wood MFA.

3.1.1 Manufactured primary sawmill and
veneer products

3.1.1. Proizvedeni primarni pilanski i furnirski
proizvodi

The data on manufactured sawmill and veneer
products in Slovenia in the period 1994 — 2021 is pre-
sented in Figure 3. PRODCOM data shows a marked
increase of sawmill products from the 90s (approxi-
mately 600,000 m?) to the present day (1,200,000 m?).
Coniferous and non-coniferous sawn wood production
was constant until 2007, after which a reduction was
observed until 2013, followed by a 3-to-4-fold growth
in the last 10 years (Figure 3). The amount of conifer-
ous sawnwood produced in 2021 was much higher
compared to 1994 (ca. 1,002,000 m* vs 258,000 m?).
The amount of non-coniferous sawnwood steadily
dropped from 160,000 m* to 53,000 m? in 2010 and
then gradually increased again to 179,000 m® in 2021.
Production of non-coniferous products stagnated after
2013. Boards with rounded edges were no longer exis-
tent in the PRODCOM classification after 2016. This
might explain a part of the increase in the coniferous
sawn wood. Production of veneer was already low in
1994 (23,000 m?), but ceased by 2021, due to the clo-
sure of the production lines.

Most product quantities are within 20 % relative
difference between both sources (Figure 3), some
within 30 %, and the only years that surpass this are
2010 — 2013 (Table 2), with an average of absolute
RPD, of 21 %, so excluding RPD > 30 %, the RPD,
is 13 %.

= PRODCOM Veneer

PRODCOM Coniferous sawn wood
PRODCOM Boards with rounded edges (con&non-con)

PRODCOM Non-coniferous sawn wood

FAOSTAT Sawnwood total
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Figure 3 Manufactured primary sawmills and veneer products in 1000 m* according to FAOSTAT and PRODCOM
Slika 3. Koli¢ina proizvedenih primarnih pilanskih i furnirskih proizvoda u 1000 m? prema podatcima FAOSTAT-a i

PRODCOM-a
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Table 2 Relative percentage differences in specific years and product categories (gray marks RPD below 20 %, light orange
marks RPD between 20 and 30 % and orange marks RPD above 30 %)
Tablica 2. Relativne postotne razlike u odredenim godinama i kategorijama proizvoda (siva oznacava RPD nizi od 20 %,
svjetlo narancasta predocuje RPD izmedu 20 i 30 %, a narancasta oznacava RPD visi od 30 %)

RPD Manufactured RPD Manufactured | RPD Manufactured | RPD Manufactured
primary sawmill and primary pulp primary wooden wood fuel products
Year veneer products products board products
Godina RPD RPD RPD RPD
proizvedenih primarnih | proizvedenih primarnih | proizvedenih primarnih proizvedenih
pilanskih i furnirskih proizvoda od pulpe proizvoda od drvnih proizvoda za ogrjev
proizvoda ploca
1994 5% 18 % 5%
1995 4% 24 % 6 %
1996 19 % 23 %
1997 5% 22 % 3% 6 %
1998 21 % 22 % 16 % 9%
1999 9 % 18 % 9 % 12 %
2000 16 % 18 % 7 % 24 %
2001 6 % 14 % 3%
2002 -3% 15 % 12 %
2003 0 % 7 % 14 %
2004 14 % 18 % 7%
2005 -8 % 4% 15 %
2006 -19 % 23 %
2007 -5% 15 %
2008 4% 20 %
2009 27 % 14 %
2010 4% 27 %
2011 0% 23 %
2012 2% 23 %
2013 7% 16 %
2014 27 % 1% 12 %
2015 29 % 5% 14 %
2016 22 % 2% 16 %
2017 14 % 2% 22 %
2018 15 % 0% 27 % 12 %
2019 13 % 0% 21 % 6 %
2020 17 % 0% 28 % 15 %
2021 11 % 0% 29 % 7%
Average of
absolute RPD, 18 % 24 % 13 % 75 %
Prosjek apsolutnog
RPD,

3.1.2 Manufactured primary pulp products
3.1.2. Proizvedeni primarni proizvodi od pulpe

Total volume of wood pulp products according to

This could be due to the conversion of some of the sul-
phite chemical wood pulp production lines.
Important to note here is that the data presented in

PRODCOM data (sum of sulphite chemical wood pulp
and mechanical wood pulp) grew from 1994 — 2000
and then dropped from around 180,000 tonnes (90 %
dry matter) to less than 20,000 tonnes (90 % dry mat-
ter) and reached around 80,000 tonnes (90 % dry mat-
ter) in 2021 (Figure 4). After 2007, there has been no
sulphite chemical wood pulp production in Slovenia
due to bankruptcy of the producers, while mechanical
wood pulp remained relatively stable at around 20,000
— 40,000 tonne per year until 2007, after which it
steadily grew to over 80,000 tonnes (90 % dry matter).

Figure 4 is in metric tonnes (90 % dry matter), while in
the following sections the quantities are converted to m3
roundwood equivalent using the factors from Table 1.
The RPD values (Table 2) show that PROD-
COM wood pulp production values are well compa-
rable with FAOSTAT, except for the years 2006 —
2009, in which the RPD surpasses 30 %. The abrupt
gap between data sources in the years 2006 — 2009
indicates poor accuracy of PRODCOM data in rela-
tion to FAOSTAT. This could be due to the time lag of
information on quantities. Excluding these few years
where the gap is large, there is good coherence in the
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PRDODCOM Sulphite chemical wood pulp

s PRODCOM Mechanical wood pulp

——FAO Pulp total
200
180 ZA\
o M N
140

120

\

100

| |
| [
\ [

80

Manufactured products in 1000 mt (90 % dry matter)
proizvedeni proizvodi u 1000 mt (90 % suhe tvari)

60

40

20

0 — —
R N - = B - S
AN S OO0 O D oD
SIS DSSDSS
- 2 - =~~~ aaaaaa

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

Figure 4 Manufactured primary pulp products in 1000 tonnes (90 % dry matter) according to FAOSTAT and PRODCOM data
Slika 4. Koli¢ina proizvedenih primarnih proizvoda od pulpe u 1000 tona (90 % suhe tvari) prema podatcima FAOSTAT-a i

PRODCOM-a

manufacturing trend of wood pulp products between
the two datasets, (RPD, of 9 %).

3.1.3 Manufactured primary wooden board
products

3.1.3. Proizvedeni primarni proizvodi od
drvnih plo¢a

PRODCOM data indicates an increase in produc-
tion of wooden boards from 1994 until 2002 (from
400,000 m* to 500,000 m?®), occurring due to an in-
crease in particle board production (Figure 5). This is
followed by a drop in veneer and particle board manu-

facturing until 2005, an increase up to 2008, followed
by a sustained decline in manufacturing of veneer and
particle boards until 2011 and 2014, respectively, when
the production was stopped completely. Plywood pro-
duction, on the other hand, first peaked in 2009, then
decreased and grew again until 2021, similar to fibre-
board. Observing the sum of the total volume of boards
produced, a decline can be seen from 2007 to 2016 and
stagnant levels of production until 2021, when it
summed to around 300,000 m>.

Most product quantities are within RPD of 20 %
(Figure 5), some within 30 % and the only year when
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Figure 5 Manufactured primary wooden board products in 1000 m® according to FAOSTAT and PRODCOM data (stacked
chart in orange represents PRODCOM data and black line chart FAOSTAT data)

Slika 5. Koli¢ina proizvedenih primarnih proizvoda od drvnih plo¢a u 1000 m? prema podatcima FAOSTAT-a i PRODCOM-a
(sloZeni grafikon u narancastoj boji predocuje podatke PRODCOM-a, a crni linijski grafikon podatke FAOSTAT-a)
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this was surpassed is 1996 (Table 2). The RPDA is 13
%. This indicates good accuracy of PRODCOM data
when compared to FAOSTAT for this category of wood
products.

3.1.4 Manufactured wood fuel products
3.1.4. Proizvedeni ogrjevni proizvodi

The data on manufactured wood fuel products to-
gether with wood residues in the period 1994 — 2021 is
presented in Figure 6. The RPDs are the highest in this
category (Table 2). The RPDA, which was below 35 %
for sawnwood, wood pulp and wooden boards catego-
ries, was 75 % for wood fuel products. A particularly
large gap between the data sources is noticeable be-
tween 2007 and 2017.

It is important to note that FAOSTAT data in-
clude an estimation of roundwood used for firewood in
households, where people burn wood (often from their
private forest) in furnaces to heat their homes. This is
not included in the PRODCOM data, as no industrial
transformation takes place. Furthermore, PRODCOM
classification did not contain an adequate category for
reporting of wood pellets until 2016, as the only three
available categories were chips and particles, sawdust
and wood waste agglomerates. After the introduction
of wood pellets in 2015, PRODCOM data becomes
more in line with the FAOSTAT data source. On the
other hand, categories of sawdust and wood waste ag-
glomerates only appear in PRODCOM until 2006.
Therefore, it is assumed that the gap in manufactured
wood fuel products between both data sources is due to

classification categories for reporting in the PROD-
COM database.

Better coherence between the two data sources is
seen in the most recent years. After 2014, RPD be-
comes acceptable. After 2016, the trends demonstrate
an increase in chips and particles production in both
data sources — from 100,000 m? to almost 10-fold in
2021. An increase in production of pellets and agglom-
erates is recorded from 2017 — 2021 from 50,000 m? to
almost 100,000 m>. In total, since 2019, production of
wood fuel has been decreasing slightly due to a small
decrease in chips and particles production.

Due to high RPD values, PRODCOM data is less
adequate to be used for material flow analysis of wood
fuel products until the year 2018 because the classifica-
tion did not include appropriate categories to account for
wood pellets and to distinguish what amount of sawdust,
chips and particles and wood waste agglomerates was
destined to be used as wood fuel. PRODCOM records
the type of industrial transformation but does not distin-
guish products obtained based on their end use as is
needed when considering wood fuel products.

3.2 Material flow analysis of wood products
3.2. Analiza toka materijala drvnih proizvoda

As demonstrated in Section 3.1, FAOSTAT and
PRODCOM datasets show good data coherence in the
following categories: Sawnwood products 1994 —2009
and 2016 — 2021, wood pulp products 1994 — 2006 and
2010 — 2021 as well as production of boards for the
entire period and wood fuel products 2018 —2021. For
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Figure 6 Manufactured wood fuel products in 1000 m® according to FAOSTAT and PRODCOM data (stacked chart in orange
represents PRODCOM data and black line chart FAOSTAT data)

Slika 6. Koli¢ina proizvedenih ogrjevnih proizvoda u 1000 m* prema podatcima FAOSTAT-a i PRODCOM-a (sloZeni
grafikon u narancastoj boji predocuje podatke PRODCOM-a, a crni linijski grafikon podatke FAOSTAT-a)
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the years 1994 and 2021 the accuracy of quantities as
recorded by PRODCOM was satisfactory when com-
pared to the FAOSTAT data, except for the category of
wood fuel in 1994.

The first blue arrows in Figure 7 and 8 represents
FAOSTAT data on roundwood produced. After that,
PRODCOM data is used to further detail the wood ma-
terial flow with arrows in yellow, green and red, repre-
senting the input volumes of the categories of wood for
sawmills, pulpmills and wood fuel products. Further
right are the manufactured volumes of intermediate
(primary) wood products, which are further processed
into secondary wood products (dark green arrows).
Grey arrows are not a part of the analysed system
boundaries (Table 1), but as they highlight important
trends, they are used where the data regarding input
and output product do not match. A grey outwards
pointing arrow indicates a loss of resource, either due
to the efficiency property of the manufacturing process
or because export of the preceding resource occurred.
A grey inward pointing arrow is used when nationally
available resource does not satisfy the production de-
mand; a box depiction of ‘import needed to satisfy de-
mand’ was therefore included in the flow model.

Figures 7 and 8 show a balanced material flow of
wood volume, even though two different data sources
have been used. Generally, this indicates that PROD-
COM data can complement FAOSTAT data for the se-
lected years and products.

Comparing wood volume flows as demonstrated
in Figure 7 and 8, a significant increase in roundwood
produced can be noted. This increase is translated most-
ly into production of coniferous sawn wood and wood
fuels. In 1994, coniferous sawn wood and wood fuel
products represent a total of 28 % of the total roundwood
produced, and in 2021, the same two categories have a
share of 51 % of the total roundwood produced. The
share of production of cellulose and boards decreased
from 44 % in 1994 to 24 % in 2021. Similar trend can be
observed in the manufacturing of non-coniferous sawn-
wood, which represented a share of 8 % of the total
roundwood produced in 1994 and 5 % of roundwood
produced in 2021. The complete cessation of the pro-
duction of particle boards and sulphite chemical pulp is
also evident. Particle boards decreased from 15 % of to-
tal roundwood produced in 1994 to zero in 2021, and
sulphite chemical pulp decreased from 12 % of total
roundwood produced to zero in 2021. On the other hand,
more fibreboard, plywood and mechanical wood pulp
were produced. All these products were not produced at
all in 1994, but in 2021, and the share of volume quanti-
ties of these products in relation to total roundwood pro-
duced was 5 %, 3 % and 6 %, respectively.

Although the study did not include import and
export of products, certain observations can be made
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based on wood flows and differences in quantities
when industrial transformations occur. In 1994, FAO-
STAT data on produced roundwood plus is lower than
the demand based on the primary products recorded by
PRODCOM. This means that a part of the resource
must have either been imported from abroad, or pro-
duction waste was used as input. For both parameters,
data was not easily attainable to be included in this
study. However, as the amount of waste seen in the
flow diagram can potentially cover this demand, the
reuse of waste streams was considered to be a more
likely scenario. In 2021, roundwood produced as per
FAOSTAT and PRODCOM database data on produc-
tion of goods match well, meaning that the domestic
roundwood satisfies domestic demand for production
of primary products.

Based on the differences in quantities between
the secondary products produced and the available pri-
mary product used as a resource, we could determine
where importing resource was needed to fulfil the re-
source demand for secondary product production. In
1994, this was the case with pulp, where 187,000 m?
had to be imported (10 % of the total roundwood pro-
duced), which increased to 666,000 m* in 2021 (17 %
of the total roundwood produced). Furthermore, in
2021, import of particle boards of 102,000 m? was re-
quired to satisfy the demand of the furniture industry,
as there was no domestic production of particle boards.
Based on the PRODCOM database, currently there is
no secondary wood product manufactured in Slovenia
that would utilise non-coniferous sawn wood (category
of flooring exists but was not shown in the material
flow model as the quantities were not significant).

The wood volume flow analysed showed that de-
spite an increase in roundwood produced, the demand
for resources has been met less by domestic resources
in 2021 than in 1994 as the need for import of particle
boards and wood pulp increased.

Beyond the wood flow analyses available before
this study, MFA also includes secondary wood prod-
ucts. In 1994, there has been 774,000 m® of secondary
wood products, 587,000 m* of which have been pro-
duced with domestic resources (75 %). In 2021, there
have been 1,245,000 m* of secondary wood products
(579,000 m* of those from domestic roundwood,
47 %). When calculating the amount of secondary
products as a percentage of roundwood produced, it is
seen that it was 43 % in 1994 and only 15 % in 2021. It
is evident that despite the increase in quantity of sec-
ondary wood products, they are produced by using less
m3 of domestic roundwood than in 1994.

MFA shows that in 2021 Slovenia produced
12,000 m* of wood that was used in construction,
which is only about 0.3 % of the roundwood produced
annually in 2021 (in previous years the quantities were
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Figure 7 Wood product flow from processed roundwood in blue (FAOSTAT data) to primary products in light green, yellow,
red and secondary wood products in dark green (PRODCOM data) for 1994 in 1000m?3. The numbers reported refer to the
volume of roundwood/manufactured products with the moisture content as is.

Slika 7. Tok materijala drvnih proizvoda od preradene oblovine oznacen je plavom bojom (podatci FAOSTAT-a) do
primarnih proizvoda oznacenih svjetlozelenom, zutom i crvenom bojom te sekundarnih drvnih proizvoda oznacenih
tamnozelenom bojom (podatci PRODCOM-a) za 1994. godinu u 1000 m>. Prikazani brojevi odnose se na volumen oblovine/
proizvoda s jednakim sadrzajem vode.

Wooden houses: 12k m*
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Figure 8 Wood product flow from processed roundwood in blue (FAOSTAT data) to primary products in light green, yellow,
red and secondary wood products in dark green (PRODCOM data) for 2021 in 1000 m®. The numbers reported refer to the
volume of roundwood/manufactured products with the moisture content as is.

Slika 8. Tok materijala drvnih proizvoda od preradene oblovine oznacen je plavom bojom (podatci FAOSTAT-a) do
primarnih proizvoda oznacenih svjetlozelenom, zutom i crvenom bojom te sekundarnih drvnih proizvoda oznacenih
tamnozelenom bojom (podatci PRODCOM-a) za 2021. godinu u 1000 m®. Prikazani brojevi odnose se na volumen oblovine/
proizvoda s jednakim sadrzajem vode.

Pellets/agglomerates: 163k m*
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resource to I
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insignificant). Contrary to the idea of using wood prod-
ucts as an opportunity to store carbon, Slovenia used a
quarter of domestic roundwood production for fuel. As
the roundwood produced for fuel from private forests
was not reported, this number is likely even higher.
Considering that wood produced in Slovenia is sustain-
able and locally produced, failing to (a) scale up wood
construction and (b) failing to use domestic resource
for long lasting products is environmentally unaccept-
able. Government should take into account the fact that
the share of wood used for fuel in Slovenia is increas-
ing and consider measures to encourage cleaner alter-
natives for fuel and utilise wood for long-lasting prod-
ucts instead.

4 CONCLUSIONS

The applied methodology to arrive to a complete
dataset of wood products, primary as well as second-
ary, by complementing FAOSTAT data with selected
data categories of PRODCOM data was found to be
appropriate to perform the MFA of wood products. The
answer to the research question is that PRODCOM
data was found out to be of satisfactory quality in most
categories of products to complement FAOSTAT data
on wood flows with some specificities. Poorer accura-
cy of PRODCOM has been discovered in the category
of sawn wood in the period 2009 — 2016, wood pulp
from 2006 — 2009 and selected wood fuel products
wood data in general.

One scientific limitation was the lack of data
about wood loss and residue streams stemming from
the manufacturing of the product. The most accurate
way of collecting this additional data would be to make
this issue an integral part of PRODCOM questionnaire
or by linking it with other existing reports/datasets.

Another shortcoming of PRODCOM is that there
are no meta information or disclaimers included with
the reported data (such as density, thickness, or some-
times even volume). Without knowing the dimensions
of items, errors are possible when converting the num-
ber of items into volume of wood.

Another difficulty encountered while analysing
PRODCOM data were changes in classification from
one year to another. Such changes in the data classifica-
tion should be avoided in the future as they negatively
affect data integrity and hinder longitudinal compari-
sons. Between the year 1994 and 2021, such changes in
PRODCOM occurred at least 5 times, adding complex-
ity to analysis. Effort should be made to internationally
harmonise databases such as FAOSTAT and PROD-
COM and make available the conversion keys to ease
the work of analysts who wish to extract meaningful re-
sults from data. In the category of wood fuel products,
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more clarity regarding the aggregated category of ‘Man-
ufactured wood fuel products’ would be welcome. Here,
limitations of PRODCOM remain, such as clarity of fi-
nal use of the categorised products and inclusion of the
data of the non-industrially produced wood fuel prod-
ucts (such as firewood and in a smaller degree, coal).
Furthermore, it is hard to determine for some products
where they re-enter the material flow, whether it is pro-
duction of boards or wood fuel products.

Despite these noted differences and shortcom-
ings between PRODCOM and FAOSTAT quantities,
PRODCOM has been found to be usable for filling the
gaps in current knowledge of wood flows in Slovenia.
The study demonstrated the type of insights one can
acquire using wood product data from PRODCOM and
FAOSTAT data jointly to support MFA. It is widely
known that the positive environmental impact of wood
products can be maximised by using wood for long-
lasting applications. However, the MFA of wood prod-
ucts in Slovenia have indicated trends contrary to this
logic. The MFA showed that Slovenian forest-based
sectors are increasingly less oriented towards the pro-
duction of secondary, long lasting, high value wood
products and positioned more towards the export of
unprocessed wood as well as to consumption of wood
as an energy source (Arni¢ et al., 2024; Séap et al.,
2023). Despite a growing production of roundwood,
the MFA suggests that for many secondary products
produced, there is no resource available domestically,
meaning that it is likely imported. Based on the MFA,
the opportunities for domestic production in Slovenia
could be the lack of industrial capacities and subse-
quent low volume of production of veneer, particle
boards, and sulphite chemical and mechanical wood
pulp (Straze et al., 2023; Kropivsek, 2017). Similar is
true for the production of non-coniferous sawnwood
(Arni¢, 2023). According to Slovenian forestry Insti-
tute (SFI) data, the share of non-coniferous tree species
in the growing stock is 56 % (Pintar et al., 2024), but in
Slovenia few high added-value products are made from
this wood. Furthermore, a stagnation of non-coniferous
wood is evident, despite the fact that non-coniferous
wood-based materials can also be used for construction
(Ozarska, 1999) and are gaining traction (Straze et al.,
2023). The described trends lead to an unexploited op-
portunity to avoid carbon emissions by replacing other
intensive materials with lasting wood products.

The MFA analyses as presented in the study play
a key role in the design of effective and sustainable
policies in the forest-wood sector, as they provide a
comprehensive overview of biomass flows — from har-
vest to final product (Khan et al., 2024). The present
MFA results can support strategic decisions and sus-
tainable environmental policies such assessing how the
forest-wood chain can contribute to climate change
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mitigation. Based on the results, government can de-
sign measures to increase the use of wood, which en-
ables carbon storage over longer periods. The results of
the study will also contribute to the implementation of
EU policies, e.g. the New EU Forest Strategy for 2030
(COM (2021) 572 final), which support a sustainable
forest-based bioeconomy by promoting the processing
of wood into durable wood products as well as the up-
dated EU Bioeconomy Strategy (COM (2018) 673 fi-
nal), whose main objective is to develop a sustainable
and circular bioeconomy that serves Europe’s society,
environment, and economy. Policy makers should con-
sider the trends observed and introduce measures to
stimulate:

+ carbon mitigation in wood products through a dis-
couragement of wood fuel products and encourage-
ment of long-lasting products;

+ value creation in industry by implementing mea-
sures to encourage domestic processing of harvested
wood instead of importing secondary wood prod-
ucts, with an initial focus on products that are cur-
rently imported to fill gaps in domestic production
(particle boards, pulp);

» value creation by implementing measures for pro-
cessing of non-coniferous wood into high value-
added items.

In conclusion, while caution is required when
utilising data from PRODCOM together with more es-
tablished datasets like FAOSTAT, the insights gained
are significant. This study highlights the potential of
using PRODCOM for MFA, despite the current meth-
odological shortcomings and data limitations. It repre-
sents an important step toward a more comprehensive
understanding of Slovenian wood flows, providing a
foundation for future research and policy development
aimed at enhancing the sustainability of the forest-
wood sector.
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