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*  Most of the consumed energy wood is sourced within 100 km of the plant.

*  Energy wood transport distance increases with the higher consumption level of plant.

* Industrial roundwood could cover 25-33% of roundwood burned.

*  Most of the stumps are sourced from land-use change areas.

*  Economic viability of harvesting small-diameter trees should be increased to divert energy
wood harvesting to young forests.

Energy wood supply has faced significant challenges in Finland in recent years. While forest chip
consumption has increased, the cessation of wood imports from Russia has added pressure on the
use of domestic forest resources. This study examined the status of energy wood supply to heat-
only and combined heat and power (CHP) plants from the perspective of energy wood suppliers.
The survey-based study particularly focused on energy wood transport distances, the origin of
delivered energy wood, and the proportion of various assortments. The operational environment,
including wood fuel storage capacity and policy impacts, was also investigated. The results
indicate that most energy wood consumed as forest chips was sourced less than 100 km from the
consumer plant. However, these transport distances depended on annual forest chip consumption
at the delivery point plant. Notably, energy wood was supplemented by roundwood that otherwise
would have been suitable for processing in the forest industry; the proportion of that was 25-33%
of all roundwood delivered. The results of this study also highlighted the visible role of land-use
change areas, especially for stump sourcing, while imported wood accounted for only a small
fraction of the supply. In conclusion, to reduce the burning of industrial roundwood and to divert
energy wood harvesting to young commercial forests, policy should place greater emphasis on
the economic viability of harvesting small-diameter trees for energy production. Furthermore,
uncertainty in the operational environment, caused by policy changes, should be mitigated.
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1 Introduction

Wood energy constitutes a significant component of the energy system and serves as an important
source of renewable energy in Europe. In Finland, however, wood fuel consumption has been
particularly high compared to many other countries (United Nations 2018; Eurostat 2024). Since
the early 2000s, the use of forest chips has increased notably in Finnish heat-only and combined
heat and power (CHP) plants, driven by targets to expand the share of renewable energy (Finn-
ish Council of State 2008). While these plants consumed 0.8 million m? of forest chips in 2000,
consumption totalled 11.0 million m3 in 2023. Of forest chips consumed in 2023, 7.7 million m3
originated from roundwood, 3.0 million m? from logging residues, and the remaining volume from
stumps (Official Statistics of Finland 2024a). Therefore, the forest chips used in heat-only and
CHP plants represent a substantial share of Finland’s total wood consumption, which reached 75.4
million m? of roundwood and 23.8 million m? of forest industry by-products and wood residues
in 2023 (Official Statistics of Finland 2024b).

Before the Russian invasion of Ukraine in 2022, Russian wood was an important source of
raw material for the EU, and especially for Finland. In 2021, approximately three-quarters of the
fuelwood and roundwood imported from Russia into the EU were delivered to Finland. (United
Nations 2025). Consequently, the cessation of Russian wood imports has posed a significant chal-
lenge for both the Finnish forest industry and energy production. Compared to the forest industry,
the situation has proven even more difficult for energy producers and suppliers of energy wood.
Approximately 20% of forest chips consumed in heat-only and CHP plants in 2021 were imported,
and 78% of all woodchip imports came from Russia (Official Statistics of Finland 2022a, 2022b).
In 2023, imported chips accounted for only 7% of the forest chips consumed in heat-only and CHP
plants (Official Statistics of Finland 2024a). Simultaneously, as competition for wood has intensi-
fied following the end of imports, the consumption of energy wood in the form of forest chips has
increased significantly (Viitanen et al. 2023).

In response to difficulties in wood procurement, efforts were made in 2022 to promote the
supply of domestic wood and secure wood supply through urgent policy measures, including support
for the development of the terminal network (Ministerial Working Group on Preparedness 2022).
As noted by Niinistd et al. (2025), the importance of terminals may increase as the development
of alternative energy sources concentrates on the use of wood fuels during cold periods, thereby
raising the demand for intermediate storage.

These changes in wood markets have had an impact on energy wood prices. According to
official energy wood trade statistics, the average energy wood prices in standing sales in 2023 were
more than double those in 2021 (Official Statistics of Finland 2024c¢). The corresponding difference
for delivery sales was 49%. Furthermore, the plant price of forest chips rose substantially between
2019 and 2023 (Official Statistics of Finland 2024d). The rise in wood prices has been reflected
in higher district heating costs (Finnish Energy Association 2024a).

In addition to prices, wood procurement areas and the regional use of forest resources
have been undergoing change. Until recently, particularly in eastern Finland, Russian wood was
a significant source of raw material for both the forest industry and energy generation for many
decades. The increased demand for domestic wood has increased pressure on wood procure-
ment and has shifted the regional balance between wood supply and consumption (Viitanen et
al. 2023). Over the past few years, total harvesting volumes have been high. Indeed, in some
regions, the total drain of wood has already exceeded the estimated maximum sustainable
yield (Official Statistics of Finland 2024e). Particularly due to price and logistical considera-
tions there have been limited opportunities to replace Russian wood with imports from other
countries (Viitanen et al. 2023). This has been especially pertinent for energy wood, which is
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less expensive than industrial wood, and for which logistics costs can easily exceed the price
of the raw material.

Despite the cessation of Russian wood imports and increased consumption, the prospects
for sourcing energy wood in Finland are estimated to remain reasonable. In Finnish silviculture,
the tending of young commercial forests has posed a longstanding challenge. These forests have
been recognised as potential sources of energy wood and forest chip consumption has significantly
increased, yet, the problem has persisted and the proportion of forests with good silvicultural quality
has remained relatively low. According to the 13th, latest National Forest Inventory (NFI) results,
silvicultural quality was good in only 25% of young thinning stands (National Forest Inventories
2024).

Efforts to address the challenge of managing reserves have particularly focused on sup-
porting silvicultural thinning in young commercial forests and small wood collection for energy
purposes (Ministry of Agriculture and Forestry in Finland 2015). These subsidies were designed
to encourage forest owners and compensate for the higher harvesting costs of small-diameter
wood, which can otherwise become an obstacle to forest management activities. Lately, the costs
of wood harvesting and transport have risen. From an economic perspective, this makes thinning
sites with a small-diameter wood less attractive, because the stem size of removal in the stand
(m3 stem™!) is small and hectare-based removals (m? ha1) are low (Kérhid 2011b; Petty and Kéarha
2014; Viitanen et al. 2023; Strandstrom 2024). Meanwhile, as part of the government’s austerity
measures, subsidies for small wood collection has been reduced by Government Decree §71/2024
of amending the government decree on the temporary incentive scheme for forestry. That reduction
would further decrease the competitiveness of these sites in the wood market.

Increased consumption of domestic forest chips has partly been met by roundwood that
would otherwise have been suitable for processing by the forest industry, i.e., industrial roundwood
(Viitanen et al. 2023). This switch stems from factors related to harvesting costs and removals as
well as the end of Russian imports of high-quality forest chips, mainly from large-sized roundwood.
Conversely, the increase in energy wood prices has increased liquidity and narrowed the price gap
between energy wood and industrial roundwood (Official Statistics of Finland 2024c¢, 2024f). This
has resulted in the energy and forestry industries competing for some of the same wood resources
(Viitanen et al. 2023).

Due to the absence of legal obligations to precisely monitor wood fuel consumption, the
exact amount of industrial roundwood burned remains unknown. The political aim is to divert
wood to the highest possible level of processing. The recently updated renewable energy directive
(RED III) (European Parliament and Council 2023a) prohibits national subsidies for energy use
of industrial roundwood as being contrary to the cascade principle. However, RED III contains
no prohibition of the burning of industrial wood or limitation of its classification as renewable
energy. Based on wood consumption and harvesting statistics, the use of industrial roundwood
for energy is around 2-3 million m3 per year (Viitanen et al. 2023). In 2023, this amount would
have represented approximately 20-40% of the forest chips produced from roundwood (Official
Statistics of Finland 2024a). This roundwood has most likely been pulpwood, given significant
price differences between energy wood and sawlogs (Official Statistics of Finland 2024c¢, 2024f).

The present study aimed to examine the current state of energy wood supply. Although forest
chips are an important energy source in Finland, there is only limited previous research on the
operational environment of energy wood supply chains. However, this study focused solely on the
energy wood procurement of heat-only and CHP plants, and small-scale usage of forest chips, for
example on farms, was excluded from the analysis. The most recent study of energy wood supply
is from 2012 by Kurki et al. (2012). Since then, forest chip consumption volumes have increased
significantly while energy wood imports have decreased. Nevertheless, up-to-date knowledge of
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the current operational environment would be essential as a basis for political actions and regula-
tions affecting the use and supply of forest chips.

Against this background, we wanted to investigate the quality and origin of delivered
energy wood in 2023. Specifically, we wanted to identify the volumes of industrial roundwood
burned as forest chips. We also wanted to identify current energy wood transport distances. To
investigate this, we wanted to know the distances from which energy wood is sourced for each
plant, and based on these data, create a statistical model for energy wood procurement areas. This
model aims to estimate the distribution of distances over which energy wood is procured for an
individual plant, in relation to the plant’s geographical location. We also aimed to investigate the
available terminal capacity of energy wood suppliers and its current utilization rate. As political
regulation concerning the procurement of energy wood has increased, we also wanted to inves-
tigate the opinions of energy wood suppliers on the impact of policy regulations related to the
supply of energy wood.

2 Material and methods
2.1 Research survey of energy wood and forest chip deliveries

The present study is based on a questionnaire regarding energy wood deliveries to heat-only and
CHP plants (Supplementary file S1, available at https://doi.org/10.14214/s£.25011). Both energy
wood suppliers and energy wood consumers with their own energy wood procurement operations
from forest to end use, were posed a number of questions related to their operations and the oper-
ating environment.

The companies and respondents were selected from public data sources, such as advertise-
ments to purchase energy wood. As the total number of suppliers remained unknown, we strived
to collect as comprehensive a sample of energy wood suppliers as possible. This process resulted
in a total of 158 supplier.

First, we asked respondents to identify the delivery volume of ready-made forest chips or
wood used as raw material for forest chips in 2023. The respondents also allocated volumes by
delivery point to the end-user’s plants or wood terminals. We excluded brokerage sales of energy
wood, where wood is sold to other than end consumer, from the study. This definition allowed the
accurate determination of the total transport distances.

Respondents identified the proportion of different energy wood assortments in the total
volume of energy wood and forest chips supplied. The energy wood assortment classification
was based on Official Wood Energy Statistics Survey (2024g), which also distinguishes industrial
roundwood — defined as wood that, based on its dimensions and quality, could otherwise have been
suitable for processing by the forest industry. Similarly, other roundwood included all roundwood
except industrial. Although accurate data for deliveries of industrial roundwood may have been
unavailable, we considered energy wood suppliers to be the most reliable source of information
for estimating quantities.

Additionally, in the survey, respondents identified the volume of delivered imported forest
chips and energy wood, and other potential imported solid wood fuels. In relation to the origin of
the supplied energy wood, it was also necessary to determine the volume of wood sourced from
land-use change areas, for example, construction sites where forest is converted to other use.

To study energy wood procurement areas and transport distance distributions, the respondents
divided the delivery volumes for each plant or terminal into seven transport distance categories,
expressed as a proportion of the total volume. We designed this classification to capture transport
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distance differences with sufficient accuracy, while still enabling data to be reported by as many
energy wood supplier companies as possible, even if accurate data were not available. For the
same reason, we requested the proportions of the distance categories to be reported as percentages
rather than as exact delivery volumes. In cases where accurate data on transport distances were
unavailable, it was possible to provide the best estimate. These transport distance data concerned
only domestic wood from the harvesting site to the end user’s plant or terminal, although the total
delivery volumes may also include imported wood. This restriction to analyse the regional pressure
on domestic forest resources was caused by forest chip usage.

We also asked energy wood suppliers about terminal capacity and its usage. Terminals in the
survey were defined as permanent storage areas of at least 0.5 hectares. To obtain relevant data, we
asked the respondents to specify terminal capacity in terms of area (in hectares), wood volumes, or
both, with the proportion of the capacity that was asphalted to be reported separately. Furthermore,
the respondents divided the terminal capacity into seven transport distance categories, expressed
as percentage proportions of the total capacity. These proportions were based on the locations of
the plants to which the energy wood or forest chips are delivered from the terminal. As well as
this, we investigated the importance and usage of terminals in energy wood procurement. For this
purpose, the survey asked participants about the volume of energy wood, forest chips, and other
solid wood fuels stored in terminals in autumn 2023, before the start of the heating season.

The survey also included questions related to EU legislation and its potential effects on
silviculture and energy wood supply. In recent years, the EU has developed and set new legisla-
tion and restrictions to meet the political climate and environmental objectives. For this reason,
we sought to understand how companies themselves perceive the potential impacts. Thus, we
asked energy wood suppliers to share their preparedness for the changes brought about by recently
imposed RED III (European Parliament and Council 2023a) and Regulation of Deforestation-free
Products EUDR (European Parliament and Council 2023b), and how these regulations are relevant
to energy wood procurement. We selected these policy measures for survey because they are the
most important current policy measures related to the use of forest resources from the perspective
of energy wood procurement.

Before the data collection phase, we tested the survey questions with one energy wood sup-
plier company and collected feedback from several experts in the field. The data collection for the
survey took place between April and May in 2024, and was conducted by the researchers of this
study, who gave respondents two weeks to complete the survey. The data collection phase ensured
that enough data was gathered for the analysis. After the response period ended, data collection was
supplemented with telephone interviews. These interviews were targeted based on the perceived
importance of the respondents as energy wood suppliers.

2.2 Analysis

We excluded responses from companies that did not supply energy wood in 2023 from the analy-
sis, as these respondents fell outside the scope of this study. Similarly, some responses included
volumes delivered to other end consumers than heat-only and CHP plants; these volumes were also
excluded from the data. Additionally, some answers were incomplete for certain questions. However,
if the company had energy wood deliveries in 2023, we accepted these incomplete responses for
analysis, and they were used solely in analyses where the available data were useful. Consequently,
the coverage of the data analysed varied across the questions. The representativeness of the data
was assessed by comparing the volume of energy wood delivered by the suppliers included in the
data with the recorded volume of forest chips consumed in heat-only and CHP plants in 2023.
In the study, wood volumes were allowed to be provided in cubic metres, loose cubic metres, or
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megawatt-hours. Based on conversion factors from the report by Alakangas et al. (2016), all vol-
umes were converted to solid cubic metres (m?). Based on the conversion factors used, 1.0 solid
cubic metre was equivalent to 0.4 loose cubic metre or 2.0 megawatt-hours.

The respondents and organisations they represented were divided into three classes: energy
wood harvesters and traders, and energy companies and heat entrepreneurs, and forest industry
companies. The first group, energy wood harvesters and traders, focus on energy wood deliveries
but do not consume wood fuels themselves. The second group, energy companies and heating
entrepreneurs, are energy wood consumers and operate their own procurement companies. The
third group, forest industry companies, mainly focus on the production of forest industry products.

The share of different energy wood assortments, as well as the proportion of imported wood
and wood from land-use change areas, were analysed in relation to the total amount of energy
wood delivered to both plants and terminals from the responses, based on the responses where this
data was provided. Conversely, we analysed the procurement areas and supply distances of energy
wood only for the quantities of energy wood and forest products delivered directly to the plants;
terminal deliveries were excluded from this analysis. This exclusion was due to the fact that, in
many cases, the exact location of the terminal was unknown. Additionally, it was unclear which
plant the wood was delivered to from the terminal, information that would have been necessary to
analyse the total transport distances. However, consignments delivered to the end-user terminal
were included if it was known that the terminal was located within 15 km of the plant for which it
primarily supplies fuel. Some consignments delivered to individual plants or terminals, for which
the location was not known, were excluded from the analysis.

The analysis of the procurement areas and transport distance distributions aimed to deter-
mine the exact location of the delivery points in order to identify potential regional differences
in the size of procurement areas. According to Wood in Energy Generation statistics (2024a),
the consumption of forest chips varied in different parts of Finland. This is influenced by factors
such as population density, the location of forest industry plants and the availability of by-product
wood from the forest industry for energy generation. As a result, the analysis considered delivery
distances by region. To ensure sufficient observations from each region, Finland was divided into
four major areas (Fig. 1). This regional classification is similar to the one used in the study by
Niinisto et al. (2025).

Additionally, it was important to classify the delivery points according to their annual
consumption of forest chips, as the consumption was assumed to influence the supply area. This
classification was based on fuel consumption data from public data sources, such as district heating
statistics by Finnish Energy Association (2024b) and companies’ public annual- and sustainability
reports. In the present study, we created three consumption categories: <5000, 5000-20 000, and
>20000 m? of forest chips consumed per year. The design of these categories was influenced by
the accuracy of the available consumption data and the assumption that these volume ranges, along
with the differences between them, sufficiently reflect the differences in the scale of activity at the
plants, thereby capturing variations in procurement areas.

Transport distance distributions and were analysed using generalized linear mixed models
(GLMM). Given the proportional nature of the response variable (the proportion of energy wood
deliveries), a beta distribution with logit link was employed. This choice was appropriate because
the response variable is bounded between 0 and 1, and the beta distribution accommodates this
constraint better than the normal distribution assumed by a standard linear model (LM). The
forest chip consumption (<5000, 5000-20 000, >20 000 m?3), transport distance (0-24.9, 25-49.9,
50-74.9,75-99.9, 100-150, >150 km) and their interaction were used as fixed effects. To account
for correlation among repeated observations from the same plant across distance classes, we
specified a residual-side compound symmetry (CS) covariance structure. The GLMM framework
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Fig. 1. Forest chip consumption (solid cubic metres) in 2023
by region and by the four major area classifications used
in this study, in Finnish heat-only and combined heat and
power (CHP) plants (Official Statistics of Finland 2024a).

also enabled us to test spatial grouping variables (municipality, region, and four major areas) as
random effects, although these were omitted from the model due to non-significance. The general
form of the model was:

logit ( Mijk ) = Bo + BiDistCat; + B, ChipConsy, + B3 (DistCat i x ChipConsy, ) + &k )

where p;;; is the expected proportion of deliveries for plant i in distance category j and chip con-
sumption category k; [ is the intercept; 51, f», 3 are fixed-effect coefficients for distance category,
chip consumption class and their interaction; and ¢;j; is the residual error term with CS covariance
structure as described above.

The default GLM parameterization was used, where one level per factor is omitted due to
linear dependency. Parameter estimates are expressed relative to the overall intercept under GLM
constraints. Inference and interpretation were based on LS-means on the response scale, which are
invariant to coding. The model used residual pseudo-likelihood (RSPL) estimation, with degrees
of freedom calculated via the Kenward-Roger method (Kenward and Roger 2009). Residuals nor-
mality was assessed using residual plots. Tukey’s method was applied for pairwise comparisons of
means with a significance level of 0.05. Analyses were conducted using the GLIMMIX procedure
in the SAS Enterprise Guide 8.3 (SAS Institute Inc., Cary, NC, USA).
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Terminal network and its usage were investigated from the perspective of whether it is
sufficient to support the functioning of energy wood supply chains in the event of increased inter-
mediate storage and longer storage times in the future. The capacity of terminals was analysed for
those energy wood suppliers who provided this information. The questionnaire allowed terminal
capacity to be reported in hectares, as a volume of wood in storage, or both. If a respondent reported
having terminal capacity but only one unit of measurement was provided, the other measurement
was estimated by using the average figures from those respondents who provided both units of
measurement.

Our study also examined the operational environment of the energy wood procurement
by analysing open questions related to current EU policies. These questions were used to assess
how many companies have considered the potential impacts of RED III and EUDR and how the
responding companies have reacted to these policies.

3 Results
3.1 Respondents of the survey

A total of 82 respondents completed the research survey questionnaire, consisting of companies
and forestry associations. For the analysis of the quality of delivered energy wood, we excluded 17
responses from organisations that had not delivered energy wood in 2023 and one response with
data too incomplete for analysis. The final analysis was based on the responses of 65 operators.
The total delivery volume from these respondents was 6.058 million m3, of which 4.553 million m3
was delivered to plants and 1.506 million m3 to end consumers’ terminal. This amount included
both ready-made forest chips and different kinds of energy wood assortments as raw materials of
forest chips.

Energy wood harvesters and traders was the largest group by number (Table 1). Corre-
spondingly, energy companies and heating entrepreneurs was the smallest group both in terms of
quantity and delivery volume. The third group, forest industry companies, had the largest supply
volume among the respondents. According to the results, most energy wood suppliers are relatively
small compared to the largest operators in the sector. In terms of number, more than half of the
respondent suppliers were focused on harvesting and trading energy wood. Despite representing
a smaller number of respondents, forest industry companies supplied the largest volume of energy
wood compared to the other two groups of suppliers. Their average delivery volume per company
was nearly three times higher than that of companies focused solely on the trade of energy wood.
Additionally, a third group of suppliers consisted of energy companies and heating entrepreneurs,
including independent energy wood procurement firms owned by energy wood consumers.

Table 1. Finnish energy wood suppliers and their total, average, and median supply volumes in 2023 by type of com-
pany in the analysed survey data of energy wood deliveries.

Type of supplier Number of Annual supply Average supply Median supply
suppliers volume, volume by supplier, volume by supplier,
1000 m? 1000 m? 1000 m?
Energy wood harvesters and traders 36 1984 55 39
Energy companies and heat entrepreneurs 14 1824 130 12
Forest industry companies 15 2251 150 22
Total 65 6058 93 30
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3.2 Delivered energy wood

The amount of energy wood and forest chips delivered by respondents consisted of industrial
roundwood (976 000 m?), other roundwood (3.003 million m?), logging residues (2.048 million m?),
and stumps (32 000 m?). Overall, roundwood, including both industrial and other roundwood, was
the most significant type of energy wood delivered, accounting for 66% of the total. It was sup-
plied by all respondents. The proportions of different energy wood assortments, however, varied
between different types of respondent suppliers (Fig. 2).

100 1 1

20 18

75

50

25

Share of energy wood assortment (%)

EHT ECHE FIC
Type of supplier

[ stumps I other roundwood

Energy wood assortment ) ) ) j
logging residues [l industrial roundwood

Fig. 2. The proportion of energy wood assortments varied by supplier type in the data of survey for energy
wood deliveries in Finland in 2023. The total delivery volume of energy wood harvesters and traders (EHT)
was 1.984 million m?, energy companies and heat entrepreneurs (ECHE) presented a total of 1.824 million m?
and forest industry companies (FIC) totalled 2.251 million m?. In total, the data included information from 65
Finnish energy wood suppliers. The EHT supplier group included 36 operators, ECHE 14 operators and FIC
15 operators.
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Table 2. A total of three Finnish energy wood suppliers who responded to the survey indicated that they have supplied
imported energy wood and forest chips and provided the corresponding volumes. The supply volumes reported by these
three suppliers are presented by energy wood assortment, expressed in solid cubic metres.

Respondents, Supply by energy wood assortment
pcs Total Industrial Other Logging Stumps
roundwood  roundwood residues
Total supply volume, 1000 m3 3 1909 121 885 897 6
Imported wood supply, 1000 m3 3 94 - 79 15 -
Share of imported wood, % 3 5 - 9 2 -

The proportion of assortments varied significantly between respondents, which also depended
on the type of supplier. Among energy wood harvesters and traders, the share of industrial round-
wood was considerably higher. These suppliers, together with the energy companies and heat
entrepreneurs, delivered 77% of the total roundwood volume. In contrast, forest industry compa-
nies, which carry out most of the annual regeneration felling in Finland, delivered 65% of logging
residues in the analysed data. The volume and proportion of other roundwood, additionally, were
notably lower among forest industry companies compared to the other two supplier types.

Of the total volume of roundwood, 25% could have been suitable for processing in forest
industry as pulpwood or sawlogs. According to the results, 42 out of 65 respondents had supplied
industrial roundwood for energy purposes. For those respondents who supplied industrial round-
wood, this accounted for 33% of the total roundwood supplied.

The volume of imported wood delivered was minimal, with only four respondents providing
the volume. Of these, three had imported forest chips or energy wood to be used as raw material
for forest chips (Table 2). The volume of imported other solid wood fuels was 51 thousand m3,
99% of which was bark, with the remainder consisting of recycled wood. The country of origin of
the imported wood remained unknown.

The respondents also reported the deliveries of wood sourced from land-use change areas
(Table 3). However, many of the survey respondents either left the question blank or indicated
that the amount could not be reported. For this reason, the table only presents data for those 16
respondents who provided information. For these respondents, the volume of energy wood from
land-use change areas was significant, particularly for assortments such as industrial roundwood
and stumps. Additionally, deliveries of stumps from these 16 respondents accounted for 73% of
the total delivery volume of stumps in the survey data.

Table 3. A total of 16 Finnish energy wood suppliers who responded to the survey indicated that they have sourced
wood from land-use change areas and provided the corresponding volumes. The supply volumes reported by these
16 suppliers are presented by energy wood assortment, expressed in solid cubic metres.

Respondents, Supply amount by energy wood assortment
pcs Total Industrial Other Logging Stumps
roundwood roundwood  residues
Total supply volume, 1000 m3 16 1816 210 901 690 15
Supply of wood sourced from land- 16 148 30 75 36 8
use change areas, 1000 m3
Share of wood sourced from land- 16 3 14 3 5 5

use change areas, %

10
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3.3 The transport distances of energy wood

The data on transport distances covered a total of 4.216 million m? of energy wood or wood chips
delivered to the end-user’s plant or terminals, which were located 15 km or less from the presumed
consumer plant. Additionally, the data included information from 47 energy wood suppliers, and
these volumes had been transported to 153 different delivery points. Although the analysed data
included multiple delivery points and data from each of the four major regions, the number of
delivery points varied by region (Table 4).

The results also indicate a variation in the transport distances across different supplier types,
with the shortest distance category being more common among energy wood harvesters and trad-
ers (Fig. 3). Similarly, the two largest distance categories were more universal for forest industry
companies and energy companies and heat entrepreneurs.

The data of total deliveries by transport distances were also divided into three forest chip
consumption categories based on the consumption by delivery point plant. The data indicates that
as the annual plant-specific forest chip consumption increases, the proportions of longer distance
categories become larger. In two smaller consumption categories, over 70% of the energy wood
was delivered within 50 kilometres of the end consumer plant, while in the category of the largest
plants, the proportion of longer distances increased, and the proportion of energy wood transported
from a distance of less than 50 km was 38%. Similarly, the proportion of energy wood delivered
farther than 50 km from the delivery point was 22-28% for plants consuming less than 20 000 m?,
compared to 62% for the largest plants. However, in the analysed data, the amount of delivered
energy wood for larger plants was greater compared to the other two categories.

Table 4. The number of delivery points, and the total number of deliveries in the dataset used for the
transport distance analysis in this study, and total consumption. The data are based on a 2023 survey of
energy wood deliveries in Finland. The table also shows the consumption of forest chips in 2023, accord-
ing to the Wood in Energy Generation statistics (Official Statistics of Finland 2024a). The volumes are
expressed in solid cubic metres.

Region  Number of delivery points ~ Total delivery volume in data  Recorded forest chip consumption in 2023

pes. 1000 m? 1000 m?
South 57 1537 5142
East 57 1577 2434
West 23 380 2152
North 16 722 1301
Total 153 4216 11028
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Fig. 3. The proportion of the six transport distance categories in relation to the amount of energy wood deliv-

ered, split into three categories by supplier type, based on the analysed survey data of energy wood deliveries
in Finland in 2023.

The created delivery distance model predicts the proportion of each of the six distance cat-
egories in the total amount of energy wood delivered to the plant (Fig. 4; Suppl. file S2, available
at https://doi.org/10.14214/s£.25011). In addition to the data-based actual transportation distance
proportions specific to each plant, the explanatory variable in the model is the annual amount of
forest chips used by the plant divided into three consumption categories. The explanatory power
of the developed model was 37%.

We found significant differences between forest chip consumption categories (F2 391 =9.4,
p<0.001), transport distance categories (Fs 767=52.2, p<0.001), and their interaction (F;¢ 765=7.6,
p<0.001). To explore these effects in more detail, we conducted pairwise comparisons of forest chip
consumption categories within each transport distance category. These comparisons revealed mul-
tiple statistically significant differences across all distance categories (Table 5). However, the
smallest differences were observed between the lowest consumption categories.
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Fig. 4. Estimated proportions for each distance and consumption category based on the developed energy wood
transport model of Finland. The model is based on survey data of energy wood deliveries in Finland in 2023.
The figure presents the 95% confidence interval for each estimate. Full parameter estimates for fixed effects
(logit scale) are provided in Supplementary file S2.

Table 5. p-values of the Tukey-Kramer multiple comparison test, which examined the sta-
tistical significance of the combined effect of forest chip consumption and transport distance
category on the proportion of energy wood delivered for each transport distance category.
Statistically significant p-values (p < 0.05) are bolded.

Distance category p-values for comparisons of consumption categories of forest chips
<5 vs.5-20 <5vs.>20 5-20 vs. >20
0-24.9 km 0.006 <0.001 0.098
25-49.9 km 0.241 0.227 0.001
50-74.9 km 0.903 0.138 0.030
75-99.9 km 0.040 0.001 0.144
100-149.9 km 0.484 0.006 0.015
>150 km 0.977 0.348 0.263
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Table 6. A total of 36 Finnish energy wood suppliers who responded to the survey
indicated that they have their own terminal capacity and provided corresponding fig-
ures. A terminal was defined as permanent storage areas of at least 0.5 hectares, where
suppliers can store energy wood or wood fuels during the supply chain. The terminal
capacity reported by these 37 suppliers is presented in hectares, broken down by dis-
tance category. The distance refers to the location of the terminal capacity in relation
to the location of the plants to which these suppliers deliver energy wood.

Distance category Area, ha Share of total capacity, %
0 km 44 14

0.1-24.9 km 143 46

25-74.9 km 86 27

75-99.9 km 32 10
100-149.9 km 7 2

Total 312 100

3.4 Terminal network of energy wood suppliers

Information on terminal capacity was provided by a total of 60 respondents. A total delivery volume
for these respondents was 5.535 million m?3 of energy wood and forest chips, with an average deliv-
ery amount of 92000 m? and a median of 30000 m3. Of the deliveries from these suppliers, 4.487
million m? was delivered directly to the plant, and the remainder was delivered to end consumers’
terminals. However, only 36 of these respondent suppliers reported their own terminal capacity.
These suppliers were larger suppliers, and the total delivery amount of these was 4.801 million m?
of which 4.133 million m? was delivered to the plants of end users. The average supply volume
per company was 133 000 m3 and median 42 000 m?3.

The total terminal capacity of 36 companies was 312 hectares, of which 78 hectares were
asphalted. Most of this capacity was located close to the plants. Approximately 60% of the capacity
was situated within 25 km of the plant to which the wood fuels are delivered (Table 6).

The amount of solid wood fuels in the terminals was 1.124 million m? in autumn 2023, prior
to the start of the winter heating season. Of this amount, 849 000 m? consisted of forest chips or
energy wood used as raw material for forest chips, while the remaining 275 000 m3 comprised other
solid wood fuels, such as bark. This means that, compared to the total capacity of the respondents,
the utilisation rate of terminals was 44% on average.

3.5 Political operating environment of energy wood procurement

A total of 48 respondents answered the question on the impact of RED III on energy wood procure-
ment. Most of these respondents mentioned that no preparations had been made for the changes
introduced by the Directive. However, a total of 13 respondents were informed about the content
of the directive and had at least some level of assessment of its impact on the activities of these
companies. Six of these respondents estimated that the potential impact would be minor. Many
respondents also mentioned that information on the practical application of the Directive in Finland
is still lacking, as the Directive is still in the process of being transposed into national law and
more detailed information on its application is awaited.

The question related to the EUDR was answered by 49 respondents. Fourteen respondents
indicated that they were prepared for the impact of the EUDR. However, as in the question related
to RED III, many respondents mentioned that there was insufficient information on the regulation.
Five respondents still estimated that the potential impact of the EUDR would be minor. Addition-
ally, five respondents criticised increasing regulation and the bureaucracy it creates.
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4 Discussion
4.1 The prospects for wood energy consumption and energy wood markets

Despite the sharp increase in energy wood prices, demand has remained strong. In addition to
renewable energy targets and emission trade, the policy objective to phase down energy peat con-
sumption, emphasized by Prime Minister Sanna Marin’s government, has increased pressure to
use forest chips in recent years (Finnish Government 2019; Niinisto et al. 2025).

However, in the future, persistently high energy wood prices are likely to encourage invest-
ments in alternative energy generation technologies (Niinisto et al. 2025). Moreover, increasing
production volumes in the forest industry are also expected to contribute to maintaining high wood
prices (Viitanen et al. 2024). A significant increase in wood imports from the Baltic Sea region is
unlikely, and the wood consumed is likely to be mainly domestic in the coming years. The find-
ings of Jonsson and Sotirov (2025) suggest that the balance between forest resources and wood
demand in Europe may become increasingly strained by the 2030s, particularly due to the pressures
imposed by renewable energy targets.

The Russian invasion of Ukraine and the resulting decline in energy imports have further
emphasized the importance of domestic energy sources in ensuring the functioning of society.
Nevertheless, forest chips and wood fuels in general currently play a significant role in the Finnish
energy system and are expected to remain important for at least the next decade (Koljonen et al.
2024; Niinisto et al. 2025). It is therefore important to ensure the operational capability of energy
wood supply chains for national supply security.

4.2 Industrial roundwood usage in energy generation

The results of the present study indicate that industrial roundwood use for energy has increased due
to the increased consumption of forest chips. Due to significant price differences between energy
wood and saw logs, this roundwood is most likely pulpwood (Official Statistics of Finland 2024c,
2024f). The volume of imported wood has been low, and compared to energy wood harvested,
the consumption has been higher (Official Statistics of Finland 2024a, 2024e, 2024h). Therefore,
roundwood volume consumed for energy most likely is partly comprised of wood harvested and
recorded as pulpwood but then converted into energy wood and used as a raw material for forest
chips (Viitanen et al. 2023). This conclusion is further supported by two facts. Since 2021, com-
pared to domestic commercial fellings of sawlogs and pulpwood, combined exports of domestic
logs and pulpwood, as well as consumption in forest industry production, have been low (Official
Statistics of Finland 2024e, 2024h, 20241).

According to the results of our research, the increase in the proportion of industrial round-
wood delivered for burning was less significant than expected. According to Kurki et al. (2012), in
Finland in 2011, industrial roundwood accounted for 17% of the total energy wood volume sold.
In our results, this proportion was 16%. Additionally, in our study, when precise information was
unavailable, we asked respondents to provide their best data estimate, which may have introduced
inaccuracies. Furthermore, in the case of some respondents, the burning of industrial roundwood
may have been underreported or completely unreported due to the lack of data or the social debate
surrounding the issue.

Based on our study, industrial roundwood accounted for 25% of the roundwood delivery
volume. For those respondents who reported delivering industrial roundwood, this proportion
constituted 33% of the roundwood supplied. Finnish heat-only and CHP plants consumed 7.7 mil-
lion m? of forest chips produced from roundwood in 2023 (Official Statistics of Finland 2024a).
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To this amount, when we generalise the 25% share of industrial roundwood delivered observed
in this study, we estimate industrial roundwood burned to be 1.9 million m3. When we apply the
33% highlighted by those who reported industrial roundwood deliveries, this amount would be 2.6
million m3. Both of these estimated amounts align with previous estimates, which have suggested
that the annual burning volume of industrial roundwood is typically 2—3 million m? in Finland
(Viitanen et al. 2023).

Even though the share of industrial roundwood was smaller than expected, the amount
was still significant. This energy use of industrial roundwood also helps explain why, com-
pared to the increase in forest chip usage in heat-only and CHP plants, the management areas
for young commercial forests, identified by the NFI (2024), have decreased less. According to
Petty and Kéarha (2011), to encourage energy wood supply from management areas of small-
diameter trees, subsidies are an important tool. However, to encourage forest owners to sell
wood and manage these young-stand forests, current subsidies may be insufficient. Compared
to larger-sized industrial roundwood, small-sized wood involves higher harvesting costs, which
these subsidies may fail to cover. On the other hand, Petty and Kérhd (2011) also demonstrated
that energy wood procurement cannot rely solely on subsidies. Excessive subsidies could, for
example, reduce the natural development of energy wood harvesting practices and supply chains.
Furthermore, the increased demand for domestic energy wood and forest chips appears to have
raised the price of energy wood sufficiently to make harvesting profitable in all logging sites.
On the other hand, the anticipated growth in wood use in the forest industry in the coming
years and the possible rise in wood prices due to demand may also help to curb the burning of
wood for energy.

In addition to emission reductions, the importance of forest carbon sequestration, in par-
ticular, has been highlighted in national climate policy. The burning of roundwood has been
viewed as problematic due to its contribution to increased harvesting volumes of roundwood
(Kallio et al. 2013; Soimakallio et al. 2016; Kunttu et al. 2021). Based on the latest data, forests
of Finland have been a source of emissions since 2021, primarily due to increased soil emissions
and increased logging volumes (Natural Resources Institute Finland 2025). On the other hand,
in the short term, there are few alternatives to replace fossil fuels and peat, which, for example,
accounted for 22% of the fuels consumed in district heating production in 2024 (Finnish Energy
Association 2025).

4.3 Energy wood import and supply from land-use change areas

In Finland, the energy wood supply is supplemented by imports, but based on this survey, imported
forest chips and energy wood accounted for only 1.6% of the total supply, and were supplied
by only three respondents. Furthermore, the results of this study indicated that 2% of delivered
energy wood was sourced from land-use change areas. However, the volume of wood sourced
from land-use change areas varied significantly between companies and regions, and the data does
not necessarily allow for general conclusions about the size of these shares at the national level.
Additionally, though some respondents reported sourcing wood from land-use change areas, the
quantities were unknown and, therefore, not provided.

In the volumes of wood sourced from land-use change areas, the proportion of industrial
wood was higher than in total delivery volumes. This can be attributed to logistical reasons, as
it is not economically viable to transport small payloads of pulpwood or sawlogs separately for
processing by the forest industry (Tahvanainen and Anttila 2011). In addition, the results of this
study indicate that land-use change areas are a significant source of stumps used for energy gen-
eration, with 37% of the stumps in the analysed data to having originated from such areas. For
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respondents who provided information on the quantities of wood supplied from land-use change
areas, the proportion was 52%. Based on these proportions, it can be estimated that in 2023, of
the 281000 m? of stumps consumed in heat-only and CHP plants, between 100 000—150000 m?3
would have come from land-use change areas.

4.4 Energy wood transport distances

The results by Kérhé et al. (2024) demonstrated that higher wood consumption and transport
volumes increase transport distances, which in turn increases wood procurement costs. How-
ever, it is challenging to evaluate the changes in energy wood transport distances arising from
our study due to the increased use of energy wood, as there is a lack of previous comparable
research. According to Kurki et al. (2012), energy wood end consumers most commonly sourced
their energy wood from within 100 km from the plant. For other operators, such as energy wood
traders, the corresponding figure was 60 km. However, these results only present the maximum
transport distances and do not indicate the proportions of the different distances as reported in
our study.

4.5 Terminal network

Although the results by Kérhéd (2011a) indicated that terminal-based forest chip supply chains
increase the overall supply costs, the use of terminals is likely to expand as wood increasingly
serves as a balancing power source and consumption volumes become more variable (Niinistd
et al. 2025). Terminal-based supply chains have the potential to improve the security of forest
chip deliveries (Kérha 2011a). Because logistical costs and biomass losses are typically lower
for roundwood than logging residues and small-sized whole trees, the increasing terminal usage
may contribute to the burning of industrial roundwood (Laitila and Vaitdinen 2011; Tahvanainen
and Anttila 2011; Routa et al. 2015). However, the increase in terminal storage is unlikely to pose
significant problems at the national level, as the findings of this study indicate that the respond-
ents did not fully utilise the available capacity. This may be due to earlier preparations, as the
use of terminals and the share of terminal chipping in energy wood supply chains have already
increased in the past (Strandstrom 2021). Nonetheless, the situation may vary between regions
and suppliers. Additionally, some terminals are under the control of energy wood consumers
rather than suppliers.

4.6 Policy implications on energy wood supply chain

National and EU-level political attitudes toward bioenergy have become more critical. Recent
legislation, such as RED III and EUDR, set new restrictions on its sustainable use (European Par-
liament and Council 2023a, 2023b). From this perspective, considerable uncertainty surrounds the
future use of wood energy, which also affects the operational environment of energy wood suppli-
ers. In light of this questionnaire energy producers do not seem too concerned about the potential
effects of the RED III or EUDR in their operating environment. One important reason for this is
probably that RED III only prohibits support for the combustion of industrial roundwood as part
of national support schemes but does not impose any other restrictions on the use of industrial
wood for energy purposes. The total amount of wood obtained from land use change areas, whose
use could be restricted by the EUDR, was also relatively small. However, from a Finnish perspec-
tive, policy measures such as EUDR can still cause significant costs for companies by increasing
bureaucracy (Laturi et al. 2025).
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Nonetheless, scenario-based assessments have shown that the effect of the regulation on
wood availability and procurement costs depends to a large extent on the level of implementation
and varies from insignificant to remarkable (Kniivila et al. 2022; Ahtikoski et al. 2024). The EU’s
biodiversity strategy for 2030 and related activities could significantly hamper wood procurement.
If protected areas or restrictions on forest use are increased, these measures may critically reduce
the availability of wood, particularly in southern Finland where logging volumes are high in rela-
tion to the maximum sustained yield (Kniivilé et al. 2022).

5 Conclusion

The results of this study confirm that the increased consumption of domestic forest chips has
been partly achieved by burning industrial roundwood. The annual volume was estimated to be
between 1.9 and 2.6 million m? in the absence of accurate information. Particularly, the burning
of industrial roundwood has contributed to enabling most of the energy wood to be sourced from
within 75 km of the consumer plant. Additionally, the results also indicate that the supply of energy
wood is supplemented by areas of land-use change, which play an important role, particularly in the
supply of stumps. In comparison, the importance of imported wood was found to have decreased
significantly. However, if the aim is to prevent the burning of industrial roundwood, this should be
taken into account in policy-making. Furthermore, policy-making should aim to reduce uncertainty
in the operational environment. The availability of energy wood is critical for Finland’s energy
security, particularly as the importance of forest chips is expected to remain strong for at least the
next decade.
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