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Niinistö, T. (2026) The role of forest chips in the electrification of the Finnish energy system 

and challenges for energy wood procurement from young thinning stands. Dissertationes 

Forestales 393. 49 p. https://doi.org/10.14214/df.393 

 

 

ABSTRACT 

 

Forest chips have become an important energy source in Finland in recent decades, largely 

driven by policies to increase renewable energy. In the 2020s, the expansion of alternative 

renewable energy technologies has affected the energy system. Meanwhile, criticism of forest 

chip use has grown, especially regarding climate and biodiversity impacts.  

This dissertation investigates the future role of forest chips in Finland over the next 

decade and examines the operational environment of energy wood procurement. It also 

analyses harvesting conditions in young thinning stands with neglected management. The 

study combines survey data, forest inventory data, and harvesting simulations. 

According to the findings, forest chip consumption is expected to decrease in heat-only 

and combined heat and power (CHP) plants by 2033, while remaining at a relatively high 

level. Forest chips will be increasingly used as a source of balancing power, extending energy 

wood storage times and intensifying terminal use. Most of the energy wood delivered in 2023 

was domestic and sourced within 100 km of the consumer plant. A significant proportion of 

the supplied volume also consisted of roundwood suitable for industrial processing. Several 

of the analysed young thinning stands with neglected management were potential harvesting 

sites for delimbed energy stemwood and in some cases for pulpwood. High estimated 

harvesting costs resulted from the small average size of the removed stems and the low 

harvested volume. 

Fluctuations in forest chip consumption, together with political uncertainty, should be 

recognised as undermining the operational environment of energy wood suppliers and posing 

a risk to security of supply. In stands where the removal consists of small-diameter stems, 

whole-tree harvesting may increase profitability if the stand is suitable for this method. 

Enhancing procurement and use of whole-tree chips is therefore important to improve forest 

management activities and prevent the use of industrial roundwood for energy. 

 

 

Keywords: Energy policy, Renewable energy, Forest energy, Young forests, Forest 

management 
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Niinistö, T. (2026) Metsähakkeen rooli Suomen energiajärjestelmän sähköistymisessä ja 

energiapuun hankinnan haasteet nuorista harvennusmetsiköistä. Dissertationes Forestales 

393. 49 p. https://doi.org/10.14214/df.393 

 

 

TIIVISTELMÄ 

 

Metsähakkeesta on tullut tärkeä energianlähde Suomessa viime vuosikymmenten aikana 

erityisesti uusiutuvan energian lisäämiseen tähdänneiden poliittisten toimien seurauksena. 

2020-luvulla vaihtoehtoisten uusiutuvan energian teknologioiden yleistyminen on kuitenkin 

vaikuttanut energiajärjestelmään. Samanaikaisesti erityisesti ilmasto- ja luontovaikutuksiin 

perustuva kritiikki metsähakkeen käyttöä kohtaan on voimistunut.  

Tämä väitöskirja tarkastelee metsähakkeen tulevaa roolia Suomessa seuraavan 

vuosikymmenen aikana sekä energiapuun hankintaketjujen toimintaympäristöä. Lisäksi se 

analysoi hoitamatta jääneiden nuorten harvennusmetsien korjuuolosuhteita. Tutkimuksessa 

yhdistyvät kyselytutkimusaineistot, metsänmittausaineistot sekä hakkuusimulaatiot. 

Tulosten mukaan metsähakkeen kulutuksen lämpö- ja voimalaitoksissa odotetaan 

laskevan vuoteen 2033 mennessä, mutta pysyvän kuitenkin edelleen suhteellisen korkealla 

tasolla. Metsähaketta tullaan käyttämään aiempaa enemmän säätövoiman lähteenä, mikä 

pidentää energiapuun varastointiaikoja ja lisää terminaalivarastointia. Suurin osa vuonna 

2023 toimitetusta energiapuusta oli kotimaista ja hankittu enintään sadan kilometrin 

etäisyydeltä laitoksesta. Merkittävä osa puusta oli metsäteollisuudelle jalostuskelpoista 

ainespuuta. Useat tutkituista hoitamatta jääneistä nuorista harvennusmetsistä olivat 

potentiaalisia karsitun energiarangan ja joissain tapauksissa myös kuitupuun hakkuukohteita. 

Korkeiksi arvioidut korjuukustannukset johtuivat poistettavien runkojen pienestä 

keskimääräisestä koosta ja pienestä hakkuukertymästä. 

Metsähakkeen käyttömäärän vaihtelut ja poliittinen epävarmuus tulisi tunnistaa 

tekijöiksi, jotka heikentävät energiapuun hankintaketjujen toimintaympäristöä ja aiheuttavat 

riskin toimitusvarmuudelle. Metsiköissä, joissa hakkuupoistuma koostuu pieniläpimittaisista 

rungoista, kokopuun korjuu voi parantaa korjuun kannattavuutta, mikäli kohde on sille 

soveltuva. Kokopuun hankinnan ja hyödyntämisen edistäminen on siksi tarpeen 

metsänhoidon toimien tehostamiseksi sekä ainespuun energiakäytön ehkäisemiseksi. 

 

 

Avainsanat: Energiapolitiikka, Uusiutuva energia, Metsäenergia, Nuoret metsät, 

Metsänhoito 
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ABBREVIATIONS AND DEFINITIONS 
 

 

BECCS   Bioenergy with carbon capture and storage 

BECCU  Bioenergy with carbon capture and utilisation 

Cascade principle Prioritising the highest added-value use of wood 

CHP  Combined heat and power (plant) 

DBH  Diameter at breast height 

Delimbed stemwood Stemwood from which branches have been removed 

ECHE  Energy companies and heat entrepreneurs (Study Ⅱ) 

EHT  Energy wood harvesters and traders (Study Ⅱ) 

Energy wood  Roundwood, logging residues, and stumps 

ETD  The Energy Taxation Directive 2003/96/EC 

ETS  EU Emissions trading system 

EU  European Union 

EUDR  Regulation (EU) 2023/1115 on deforestation-free products  

EW  Delimbed energy stemwood harvesting scenario (Study Ⅲ) 

FIC  Forest industry companies (Study Ⅱ) 

Forest chip  Chips made from energy wood 

GLMM  Generalised linear mixed model 

Industrial roundwood Wood with industrial quality and dimensional requirements 

IR5  Pulpwood harvesting scenario (Study Ⅲ) 

IR8  Pulpwood harvesting scenario (Study Ⅲ) 

KEMERA  Time-limited Funding for Sustainable Forestry 

METKA  Temporary Forestry Incentive Scheme 

m3  Cubic metre (solid over bark) 

NFI  National Forest Inventory 

PMH15  Productive machine hour including time delays <15 min 

RED Ⅰ  Renewable Energy Directive 2009/28 

RED Ⅲ  Renewable Energy Directive 2023/2413 

Roundwood  Delimbed stemwood and whole trees 

SAF  Sustainable aviation fuel 

Whole tree  Stemwood, top, and branches harvested without delimbing 

Young thinning stand A thinning-stage stand at least 11 years old at breast height  



9 

 

INTRODUCTION 
 

 

Political drivers of wood energy use 

 

Wood energy constitutes a substantial component of the Finnish energy system, and wood is 

widely utilised in both heat and power generation (Official Statistics of Finland 2025a; 

2025b). Although the use of non-combustion-based renewable energy such as wind and solar 

power has increased over the last ten years, wood-based energy still accounts for more than 

half of the country’s renewable energy (Official Statistics of Finland 2025b). Moreover, wood 

fuel consumption is relatively high in Finland compared with many other European countries 

(United Nations 2018; Eurostat 2026). 

The substantial consumption of wood energy has been driven by policy objectives to 

increase the share of renewable energy. Since the late 1990s, these objectives have been set 

primarily at the EU level. In 1997, the European Commission’s strategy for future energy 

sources aimed to increase the share of renewable energy sources to 12% by 2010 (European 

Commission 1997). In 2001, a target was set for the share of renewable energy in electricity 

production (2001/77/EC), and in 2003, for the share of biofuels in transport (2003/30/EC) 

(European Parliament and Council 2001; European Parliament and Council 2003a). In 2003, 

the reduction of fossil fuel use was further promoted by establishing an emissions trading 

system (2003/87/EC, ETS), which was launched in 2005 (European Parliament and Council 

2003b). The first Renewable Energy Directive (2009/28/EC, RED Ⅰ), adopted in 2009, 

established a binding target for Member States to increase the share of renewable energy in 

the EU to 20% by 2020 (European Parliament and Council 2009). The directive has since 

been revised twice and the latest revision of the directive (2023/2413/EC, RED III) raised 

this target to 42.5% by 2030 (European Parliament and Council 2023a).  

In Finland, wood fuels have represented a natural means of meeting these objectives due 

to the substantial supply potential arising from forestry and forest industry side streams. The 

political objectives have focused particularly on forest chips, that is, chips produced from 

delimbed stemwood, whole trees, logging residues, and stumps sourced directly from forests 

for energy generation. In 2008, the National Energy and Climate Strategy (2008) included a 

target of increasing the annual consumption of forest chips to 12 million m3 (solid over bark) 

in heat-only and combined heat and power (CHP) plants. In 2013, this objective was raised 

to 25 TWh, equivalent to 13 million m3 (Finnish Council of State 2013).  

Among renewable-energy-related objectives, promoting forest chip use has been closely 

linked to forest policy. In Finnish silviculture, the relatively high proportion of young 

thinning stands with neglected management has been a longstanding challenge (Figure 1). In 

the Finnish National Forest Strategy 2025, the collection of small-diameter wood for use as 

forest chips was promoted to increase the profitability of management activities in young 

commercial forests (Ministry of Agriculture and Forestry of Finland 2015a). Subsidies for 

forest management measures have been found to play a decisive role in improving the 

economic viability of management activities (Petty and Kärhä 2011). Therefore, the 

collection of small-sized wood for energy is supported by the Temporary Forestry Incentive 

Scheme 71/2023 (METKA) (2023a) and was previously supported by the Act on Time-

limited Funding for Sustainable Forestry 34/2015 (KEMERA) (2015b). 
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Figure 1. An example of a young thinning stand with neglected management on peatland in 

southern Finland. The number of stems is high, and the average diameter at breast height 

(DBH) is low due to delayed precommercial thinning. Photograph by Tuomas Niinistö. 

 

 

Forest chip supply and consumption 

 

Driven by policy measures such as higher emission allowance prices, the consumption of 

forest chips has risen substantially in Finnish heat-only and CHP plants since 2000 (Figure 

2) (Official Statistics of Finland 2025c; European Energy Agency AG (EEX) 2026). Between 

2000 and 2024, consumption has increased from less than one million m3 to more than ten 

million m3 (Official Statistics of Finland 2025c). Currently, forest chips constitute 

approximately a fifth of total wood fuel consumption in Finland (Official Statistics of Finland 
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2025b). In addition to political measures, the development has also been influenced by 

market-based factors such as rising prices of fossil fuels (Official Statistics of Finland 2025d). 

The heat-only and CHP plants are particularly utilised in district heating production, where 

predominantly wood-biomass-based fuels accounted for 51% of energy sources in 2025, with 

forest chips representing 29% of the total (Finnish Energy Association 2026). 

Correspondingly, the proportion of fossil fuels and energy peat consumed in district heating 

production in 2025 was only 13%, whereas it was 77% in 2010. The increase in renewable 

energy use has therefore been relatively rapid.  

 

 

 
 

Figure 2. The Iiksenvaara combined heat and power (CHP) plant in Joensuu, operated by 

Savon Voima Oyj, is one of the largest in Finland. The plant’s fuel mix consists mainly of 

solid wood fuels such as forest chips. Piles of sawdust and bark, generated as by-products 

of forest industry production, are visible in front of the plant. Photograph by Tuomas Niinistö. 
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A significant share of forest chips is made from forestry wood residues, which consist mainly 

of logging residues and a small proportion of stumps (Official Statistics of Finland 2025c). 

In addition, the majority of the forest chip volume used consists of roundwood, the 

consumption of which has increased particularly in recent years (Figure 3). The recorded 

roundwood used for energy includes delimbed stemwood and whole trees. However, 

harvesting statistics indicate that the proportion of delimbed energy stemwood is 

substantially higher than that of whole trees (Official Statistics of Finland 2026a). 

 

 

 
 

Figure 3. Forest chip consumption in Finnish heat-only and combined heat and power 

(CHP) plants between 2000 and 2024 (Official Statistics of Finland 2025c). Forest chip 

consumption increased notably during the twenty-first century, and this increase has been 

driven primarily by the increased use of roundwood in recent years. The recorded 

roundwood used for energy includes delimbed energy stemwood and whole trees. 
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However, the increase in forest chip consumption and energy wood utilisation has not led to 

the desired increase in forest management activity in young thinning stands. According to the 

13th/14th National Forest Inventory (NFI) of Finland (2024), only 27% of such stands were 

identified as being in good forest management condition. In contrast, until 2022, 

approximately one fifth of the forest chips consumed in Finland was imported, mainly from 

Russia (Official Statistics of Finland 2023). The use of imported wood for energy has since 

decreased substantially due to the Russian invasion of Ukraine and the cessation of wood 

imports (Official Statistics of Finland 2025c). At the same time, the substantial increase in 

energy wood and forest chip prices has enhanced the cost-competitiveness of stands with 

higher harvesting costs for energy wood procurement (Official Statistics of Finland 2025d; 

2026b). Nevertheless, the increased demand for domestic energy wood has been partly 

covered by roundwood that would otherwise have been suitable for processing by the forest 

industry in terms of dimensions and quality, that is, industrial roundwood (Viitanen et al. 

2023). However, as the results of Kurki et al. (2012) indicated, some volume of industrial 

roundwood had previously been used as forest chips. This contradicts the cascade principle, 

which prioritises the use of wood based on its highest added value (European Commission 

2016; European Parliament and Council 2023a). 

Among the factors contributing to the higher consumption volumes of domestic energy 

wood, the increased use of roundwood (Figure 3) has been linked to the growing utilisation 

of terminal storage. Terminal-based energy wood supply chains are mainly based on 

delimbed stemwood (Figure 4) due to logistical benefits and lower biomass losses during 

storage compared with whole trees (Figure 5) and logging residues (Laitila and Väätäinen 

2011; Routa et al. 2015). Correspondingly, the latest data available from 2020 indicated an 

increasing reliance on terminal-based supply chains (Strandström 2021). However, forest 

chip consumption has since risen substantially (Official Statistics of Finland 2025c). 
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Figure 4. Delimbed stemwood stored at a terminal site as raw material for forest chips. The 

pile contains some volumes of decayed large-sized roundwood. Additionally, in terms of 

diameter, a significant proportion of the wood may have been suitable for processing by the 

forest industry. However, the visible end of the woodpile provides insufficient information to 

quantify the proportion of industrial roundwood, that is, wood meeting the dimensional and 

quality requirements for forest industry production. Photograph by Tuomas Niinistö. 
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Figure 5. A covered pile of whole trees at a roadside storage site for use as forest chips in 

heat-only and combined heat and power (CHP) plants. Whole trees include stemwood, tops, 

and branches. The diameter distribution of the whole trees in the pile is broad. Photograph 

by Tuomas Niinistö. 

 

 

Drivers of energy sector transformation in Finland 

 

The development of the Finnish energy sector has been rapid in recent years and has also 

affected forest chip consumption. Alongside the decreasing consumption of fossil fuels and 

energy peat, the production of renewable electricity such as wind and solar power has 

increased substantially (Official Statistics of Finland 2025b; Finnish Energy Association 

2026). Wind power capacity increased more than ninefold between 2015 and 2025, reaching 

nine terawatt-hours (TWh) (Renewables Finland 2026a). Similarly, solar power capacity has 

grown, although it remained below half a terawatt-hour in 2025 (Renewables Finland 2026b). 
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This development has also been in line with the policy objectives established in the 

Government Programme of Petteri Orpo (2023b).  

The increased production of renewable electricity has also created opportunities for 

electrification in heat production, where wood fuels have previously offered one of the key 

solutions for mitigating emissions (Weiss et al. 2021; Hiltunen et al. 2025; Finnish Energy 

Association 2026). Along with the electrification of heat production, the warm winter in 2024 

caused a decline in forest chip consumption (Viitanen et al. 2025; Official Statistics of 

Finland 2025c). However, the increasing proportion of weather-dependent renewable energy 

requires balancing power, which is still largely provided by CHP plants using wood-based 

fuels (Miettinen and Holttinen 2019; Joronen et al. 2025; Finnish Energy Association 2026). 

In addition, electricity consumption is expected to increase substantially (Fingrid Oyj 2025). 

Concurrently, the role of energy peat and fossil fuels continues to decline. This leaves only a 

few options other than wood-based fuels for balancing the energy system (Official Statistics 

of Finland 2025b).  

Meanwhile, views on the utilisation of forest chips vary. These discussions have been 

influenced by concerns related to the climate and biodiversity impacts of wood harvesting 

and the carbon dioxide released during combustion (e.g., Soimakallio et al. 2016; Pihlainen 

et al. 2023). This applies particularly to roundwood, whose climate benefits are smaller than 

those of logging residues, because logging residues decay much faster than roundwood left 

in the forest (Jåstad et al. 2020). In this context, reducing wood combustion and allocating 

wood more extensively to forest industry production have been proposed as a measure to 

decrease harvesting volumes and increase forest carbon sinks (e.g., The Finnish Climate 

Change Panel 2023; 2025; Seppälä et al. 2026). Similarly, the recently updated National 

Energy and Climate Strategy (2026) set the objective of reducing combustion-based energy 

production. Meanwhile, according to the findings of Ghani et al. (2025), the impacts of 

harvesting logging residues or pre-commercial thinning on the forest carbon balance are 

relatively small. These impacts therefore do not significantly diminish the climate benefits 

achieved through the use of such forest biomass as a substitute for fossil fuels. 

To support the reduction of harvesting volumes and to direct wood towards purposes other 

than burning, measures such as taxing the use of forest chips for energy have been proposed 

(e.g., Pihlainen et al. 2023; Seppälä et al. 2025; Lintunen et al. 2026). The removal of tax 

exemptions for all solid biofuels consumed in larger heat-only and CHP plants was also 

proposed in the initial draft of the revision of the Energy Taxation Directive 2003/96/EC 

(ETD) by the Commission (2021). For sustainable biomass, the proposed tax rate would have 

been lower. These restrictions on the supply and use of woody biomass were introduced in 

the RED Ⅲ Directive (European Parliament and Council 2023a). If implemented, taxation of 

solid wood fuels would be expected to substantially undermine the cost-competitiveness of 

these fuels in energy generation, reducing their consumption (Muilu et al. 2024). However, 

the revision of the ETD is still in progress, and solid biomass taxation has been removed from 

the latest proposals (Council of the European Union 2025). 
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Objectives 

 
This dissertation aims to investigate the future role of forest chips as part of the Finnish 

energy system. It examines expected changes in consumption volumes and utilisation to 

construct a future outlook on their development within the rapidly transforming energy 

sector. As forest chips are a significant component of the current Finnish energy system, the 

study also seeks to support preparedness for forthcoming changes by analysing the 

operational environment of energy wood procurement. A further objective is to analyse ways 

to promote a sustainable energy wood supply, particularly from the perspective of the cascade 

principle. To this end, the study analyses the origin and quality of the energy wood consumed. 

It also examines the harvesting conditions of young thinning stands with neglected 

management, where energy wood harvesting can support the economic viability of forest 

management. In addition to their potential for delimbed energy stemwood harvesting, these 

stands are assessed as a source of pulpwood from a cascade-use perspective. The main 

research question of this dissertation is how the role of forest chips develops in the Finnish 

energy system and how the security of supply and sustainability of energy wood procurement 

can be promoted in a changing operational environment. The dissertation consists of Studies 

Ⅰ, Ⅱ, and Ⅲ, and the study-specific research questions are listed in Figure 6.  

 

 

 
 

Figure 6. The overall framework of the dissertation and the study-specific research 

questions.  
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MATERIALS AND METHODS 
 

 

Overview of the data and methods 

 

In this section, the main principles of data collection and analysis are described for each of 

the three studies. However, more detailed information can be found in the original articles.  

In Study Ⅰ, the estimated national forest chip consumption volumes and analysis were 

based on a research survey conducted among energy producers. Additionally, another 

nationwide research survey was utilised to analyse the operational environment of energy 

wood supply chains in Study Ⅱ. In Study Ⅲ, the harvesting conditions of young thinning 

stands with neglected management — considered as a potential source of energy wood — 

were analysed based on field measurement data and harvesting simulations.  

 

 

Study Ⅰ  

 

Data collection 

 

In Study Ⅰ, the research survey for estimating the future use of forest chips in heat-only and 

CHP plants was conducted in April and May 2024. The survey respondents, the consumer 

plants, and the consumption baseline were identified based on the statistics of Wood in 

Energy Generation in 2023 (Official Statistics of Finland 2024).  

In the survey, respondents were asked to estimate the annual consumption of forest chips, 

other solid wood fuels, and energy peat at the plant level in 2026 and 2033. The year 2026 

was selected to represent the influence of current investments in energy generation 

technologies such as electric boilers, waste heat recovery, and improvements in energy 

efficiency. Moreover, the replacement of energy peat use has occurred particularly in recent 

years and will also affect the use of wood energy. Correspondingly, the effect of planned 

investments in bioenergy with carbon capture and utilisation (BECCU) or storage (BECCS) 

was expected to be particularly visible in 2033.  

In addition to consumption volumes, respondents were asked to identify other potential 

changes in forest chip consumption, such as changes in the proportions of different energy 

wood assortments compared with the current state in 2023. Respondents were also asked to 

report new investments and other potential factors influencing the consumption and 

development of energy generation. 

 

Analysis 

 

The development of forest chip use was analysed for plants for which the consumption 

estimates were available for both 2026 and 2033, based on survey responses. The analysis 

was conducted at the national level and across four major regions (Figure 7). Additionally, 

the total consumption of forest chips in Finnish heat-only and CHP plants was estimated. For 

plants with missing consumption estimates, values were imputed using linear regression 

analysis. Separate linear regression models were fitted for 2026 and 2033. In each model, the 

response variable was forest chip consumption in the target year. The explanatory variables 

were recorded forest chip consumption in 2023 and the change in consumption between 2023 

and the target year, based on data from the respondent plants. 
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Figure 7. Forest chip consumption in Finnish heat-only and combined heat and power 

(CHP) plants in 2023 and the classification of the four major regions used in the analyses of 

Studies Ⅰ and Ⅱ. The regional differences in consumption volumes are substantial. 
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The analysis was supplemented by examining the factors affecting forest chip use. The 

development of energy peat consumption was analysed for plants with available consumption 

estimates for 2026 and 2033. Additionally, the perspectives expressed in responses to 

qualitative questions, such as new investments, were analysed, and the prevalence of different 

aspects in the data was counted.  

 

 

Study Ⅱ 

 

Data collection 

 

The data for Study Ⅱ were collected in April and May 2024. The research survey on deliveries 

of energy wood for heat-only and CHP plants was targeted at energy wood suppliers. The 

group of suppliers was selected from public data sources, and the aim of the data collection 

was to reach as many suppliers as possible. 

In the survey, respondents were asked to report volumes of delivered forest chips and 

different energy wood assortments used as forest chips. Respondents were asked to report the 

volumes at the level of the end consumer’s plants or terminals. In addition, the respondents 

were asked to allocate delivery volumes, as percentages, to transport distance categories in 

relation to the consumer plant location to analyse energy wood procurement areas. 

Furthermore, respondents were asked to report the proportions of different energy wood 

assortments in the delivered energy wood. The assortment classification resembled that used 

in the data collection of the Wood in Energy Generation 2023 statistics (Official Statistics of 

Finland 2024). This classification included a category for wood with dimensions and quality 

suitable for processing by the forest industry. It was also requested that the proportions of 

imported wood and wood sourced from land-use change areas be reported.  

To analyse the operational environment of supply chains, suppliers were asked about the 

potential effects of currently relevant EU policy measures, namely, the updated Renewable 

Energy Directive 2023/2413 (RED III) and Regulation on Deforestation-free products 

2023/1115 (EUDR). The security of energy wood supply was assessed by requesting 

information on the terminal storage capacity and storage volumes in the autumn of 2023. 

 

Analysis 

 

The analysis of Study Ⅱ focused on the data provided by those respondents who had supplied 

energy wood or forest chips in 2023. However, some responses were incomplete and were 

utilised solely in analyses where the data were usable. The coverage of the data therefore 

varied between questions. 

Based on the data provided, the amount and origin of procured energy wood and different 

assortments were identified. Moreover, energy wood procurement areas were analysed using 

generalised linear mixed models (GLMMs). A beta distribution with a logit link was 

employed based on the provided transport distance proportions. In the procurement-area 

model developed, the effects of the transport distance category, forest chip consumption 

category, and their interaction were used as fixed effects. The random effects of municipality, 

region, and Finland’s four major regions (Figure 7) were also tested.  

The effects of policy objectives on the operational environment were analysed using 

responses based on qualitative and quantitative measures. Additionally, the suppliers’ 

terminal capacity, the characteristics of terminals, and their utilisation rate were identified. 
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Study Ⅲ  

 

Data collection 

 

In Study Ⅲ, the 60 young thinning stands analysed were selected from the sample plots and 

surrounding stands of the 13th NFI in Finland (Figure 8) (Korhonen et al. 2024). These stands 

were defined as being in the thinning stage, with a breast-height age of at least 11 years. The 

selected plots were within 80 km of the cities of Tampere and Jyväskylä, and were measured 

between 2019 and 2023. For each NFI plot, neglected pre-commercial thinning or first 

thinning was identified, and these stands were considered likely to still be unmanaged based 

on the absence of forest-use declarations or delineations of KEMERA or METKA subsidies. 

The selected stands were analysed using field measurements in October 2025, following the 

13th NFI’s field measurement instructions (Korhonen et al. 2024). However, the analysed 

area was limited to a maximum of two hectares located around the NFI plot, even if the total 

area of the stand was larger. 
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Figure 8. The 60 selected sample plots of the 13th National Forest Inventory (NFI) used in 

the analysis of Study Ⅲ and their spatial distribution within 80 km of the cities of Tampere 

and Jyväskylä. 
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For each stand, habitat characteristics and other possible features were determined. A total of 

three to six circular sample plots were placed in each stand, the number of which depended 

on the variability of stand structure and the stand’s total area. The radius of the sample plots 

varied depending on the trees’ diameter at breast height (DBH). In each of the sample plots, 

every tally tree with a DBH of at least 4.5 cm was measured. Additionally, a representative 

number of height-sample trees was measured for Norway spruce (Picea abies (L.) Karst.), 

Scots pine (Pinus sylvestris L.), and deciduous tree species, mainly consisting of silver birch 

(Betula pendula Roth.) and downy birch (Betula pubescens Ehrh.). Missing heights for tally 

trees were estimated using the functions by Veltheim (1987), adjusted using the measured 

height of sample trees. Trees below a DBH of 4.5 cm were considered understorey, and only 

average DBH and height were estimated. 

 

Harvesting simulations 

 

First, the need for pre-harvest clearing was estimated for each stand. For the pre-harvest 

clearing, a threshold value of 2000 understorey trees (DBH <4.5 cm) per hectare was set. If 

this threshold was exceeded, the pre-harvest clearing costs were estimated using the working 

productivity model by Kaila et al. (1999) and the general hourly wages from the Collective 

Agreement of the Forest Sector (2024).  

For each stand, a thinning-from-below harvesting operation was simulated using the 

Motti simulator platform using data of trees with a DBH of at least 4.5 cm (Salminen et al. 

2005; Siipilehto et al. 2014). Three different harvesting scenarios were compared based on 

harvesting volumes and costs: delimbed energy stemwood harvesting with a minimum top 

diameter of 3 cm (EW); pulpwood harvesting with minimum top diameters of 5 cm (IR5) 

and 8 cm (IR8) and a 3-metre minimum bolt length requirement. The minimum top diameter 

of 3 cm for delimbed energy stemwood was applied as a technical threshold, as stems smaller 

than this threshold typically break during delimbing. Additionally, the two different minimum 

top diameter limits for pulpwood were selected to represent the effect of dimensional 

requirements, which may vary depending on market conditions and other operational factors. 

The cost-competitiveness of each stand and scenario was estimated by calculating the 

roadside cost for harvested wood, the most important component of which was harvesting 

cost. This cost consisted of cutting and forwarding costs. The cutting cost was estimated using 

productivity models by Perho (2012): one for single-tree cutting productivity for pulpwood; 

one for integrated pulpwood and small-diameter stemwood, applied in delimbed energy 

stemwood harvesting. The forwarding work productivity was calculated using fixed values 

for a 600 m ha-1 strip road network, 300 m empty and loaded driving distances, and an 11 m3 

average payload size using the model by Kärhä et al. (2006). The cutting and forwarding 

work productivities were converted to operating productivity, including time delays of up to 

15 min (PMH15). The cutting and forwarding costs were calculated with hourly costs of 

€131.3 for a harvester and €96.2 for a forwarder (Pesonen et al. 2025). In addition, the 

roadside cost included the average wood procurement overhead cost (€2.0 m-3) allocated to 

the harvesting and pre-harvest clearing cost where required (Strandström 2025). 

Finally, cost-competitiveness was estimated by comparing roadside costs with the 

average delivery sale prices of delimbed energy stemwood and pulpwood in the Keski-Suomi 

price region in 2025 (Official Statistics of Finland 2026b; 2026c). Under this purchasing 

method, wood is purchased as a stacked pile at roadside storage. 
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RESULTS 
 

 

This section gathers the main findings of Studies Ⅰ, Ⅱ, and Ⅲ. A more detailed description 

of the results can be found in the original articles. 

 

 

The role of forest chips in Finland’s future energy generation  

 

In Study Ⅰ, the analysed survey data included forest chip consumption estimates for 325 

plants. Of these, 244 plants consumed forest chips in 2023, together accounting for 79% of 

total forest chip consumption in Finnish heat-only and CHP plants in 2023. Based on the 

survey-based and modelled estimates for the remaining plants, total forest chip consumption 

in Finnish heat-only and CHP plants is projected to increase slightly by 2026 (Figure 9). 

However, consumption is expected to decline by 2033, although it is anticipated to remain 

relatively close to the current consumption volume. 
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Figure 9. Forest chip consumption in Study Ⅰ by region. The circled box presents the total 

consumption for the whole country. In relation to consumption in 2023, 79% of the estimates 

were based on the responses to the survey for Study I, while estimates for the remaining 

plants were modelled using linear regression analysis.  

 

 

Regional differences in consumption were substantial, and they were particularly caused by 

differences in energy peat consumption. The analysed data covered 58% of total energy peat 

consumption in 2023 and included 109 consumer plants. In the East and North regions, where 

energy peat consumption was at the highest level, it was expected that forest chip 

consumption would increase between 2023 and 2026, mainly due to the replacement of 

energy peat. By contrast, in the South region, where energy peat consumption in 2023 was at 

the lowest level, it was projected that forest chip consumption would decrease by 2026. 

However, the results of Study Ⅰ indicate that energy peat consumption is expected to halve 

between 2023 and 2026, and to be almost completely phased out by 2033, especially in larger 

plants throughout the country. 
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The regional differences in the development of forest chip consumption were also 

explained by varying strategic approaches to the development of energy generation. While 

18 respondents reported plans to build new heat-only or CHP plants, most of these were 

intended to replace existing plant capacity. Similarly, 11 respondents indicated plans to 

decommission their current plant capacity. By contrast, most of the reported investment plans 

focused on measures to improve energy efficiency or build alternative energy generation 

technologies. For example, 37 respondents identified scrubbers as a target for potential or 

already implemented investments; 24 respondents mentioned heat pumps. Twenty-six 

respondents mentioned investment plans for electric boilers.  

Respondents reported that alternative electricity-based energy generation technologies 

are expected to cause fluctuations in forest chip consumption, while wood is increasingly 

used as a source of balancing power. This trend was also identified as a potential factor that 

could increase the share of roundwood used as forest chips due to its better preservation 

during storage. However, from a longer-term perspective, the investment plans for BECCU 

may have a substantial impact on forest chip and wood fuel consumption. Several 

respondents mentioned these plans. If BECCU investments are realised, waste heat recovery 

from hydrogen electrolysers may replace wood energy. However, BECCU depends on the 

availability of biogenic carbon, and the potentially high profitability of BECCU was 

highlighted as a factor that could increase wood combustion’s economic viability.  

 

 

Operational environment of energy wood supply 

 

In Study Ⅱ, the analysed data from the survey covered 6.058 million m3 of energy wood 

and forest chips delivered in 2023 by 65 suppliers in Finland. Of this volume, 4.553 million 

m3 was delivered to plants, and 1.506 million m3 to end consumers’ terminals. Additionally, 

the average delivery volume of individual operators was substantially higher among Forest 

Industry Companies (FIC) and Energy Companies and Heat Entrepreneurs (ECHE) than 

among Energy Wood Harvesters and Traders (EHT) (Table 1).  
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Table 1. Finnish energy wood suppliers and their total, average, and median supply volumes 

in 2023, presented by company type based on the analysed survey data on energy wood 

deliveries (Study Ⅱ). 

 

Type of 

supplier 

Number 

of 

suppliers 

Annual supply 

volume, 1000 m3 

Average supply 

volume by 

supplier, 1000 m3 

Median supply 

volume by 

supplier, 1000 m3 

Energy wood 

harvesters and 

traders (EHT) 

36 1 984 55 39 

Energy 

companies 

and heat 

entrepreneurs 

(ECHE) 

14 1 824 130 12 

Forest industry 

companies 

(FIC) 

15 2 251 150 22 

Total 65 6 058 93 30 

 

 

The volume of delivered energy wood consisted of industrial roundwood (976 000 m3), 

other roundwood (3.003 million m3), logging residues (2.048 million m3), and stumps (32 

000 m3). However, the proportions of energy wood assortments varied among supplier 

types (Figure 10).  
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Figure 10. The proportions of energy wood assortments varied by supplier type in the 

survey data on energy wood deliveries in 2023 (Study Ⅱ). In total, the data included 

information from 65 Finnish energy wood suppliers who delivered 6.058 million m3 of energy 

wood. The total delivery volumes were 1.984 million m3 for energy wood harvesters and 

traders (EHT; 36 operators), 1.824 million m3 for energy companies and heat entrepreneurs 

(ECHE; 14 operators), and 2.251 million m3 for forest industry companies (FIC; 15 

operators). 

 

 

The supplied energy wood was mainly sourced from domestic forests. Only three suppliers 

reported delivery volumes of imported energy wood, totalling 94 000 m3. Of this volume, 

84% consisted of roundwood unsuitable for processing by the forest industry. Imported wood 

accounted for 5% of the total delivery volume of these suppliers. Additionally, 16 respondents 

reported that they had delivered energy wood sourced from land-use change areas in 2023. 

The volume of that wood accounted for 148 000 m3 and represented 8% of the wood supplied 

by these respondents. 
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The plant-level energy wood transport distances and procurement areas were modelled 

based on the data from 4.216 million m3 of energy wood delivered. These volumes were 

delivered to the plants and to end-user’s terminals located within 15 km of the presumed 

consumer plant. The differences among forest chip consumption categories (F2,891 = 9.4, p < 

0.001), transport distance categories (F5,767 = 52.2, p < 0.001), and their interaction (F10,765 = 

7.6, p < 0.001) were identified. The model’s explanatory power was 37% (Figure 11). 

Additionally, the results of the analysis showed the differences in transport distances between 

supplier types. The distances were shorter on average for the EHT group than for the ECHEs 

and FICs. 

 

 

 
 

Figure 11. The model for energy wood transport distances and procurement areas in 

Finland. The model is based on survey data covering 4.216 million m3 of energy wood 

delivered in Finland in 2023. The figure presents the 95% confidence interval for each 

estimate. Full parameter estimates for the fixed effects (logit scale) are provided in 

supplementary file 2 of Study Ⅱ. 
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Only 36 suppliers reported having their own terminals. The total terminal area of these 

suppliers was 312 hectares. Of this area, 78 hectares were asphalted, making them 

particularly suitable for storing chipped wood. In the autumn of 2023, before the heating 

season, 849 000 m3 of forest chips and energy wood assortments used as forest chips were 

stored in these terminals.  

Regarding policy measures, most respondents felt uncertain about their impact on the 

operational environment for energy wood procurement and had not prepared for their effects. 

A total of 13 respondents reported preparing for the effects of the RED Ⅲ directive, and of 

whom six considered the potential implications to be minor. A total of 14 respondents had 

prepared for the EUDR, and five assessed its impacts as minor. However, five respondents 

also criticised the increasing regulation and bureaucracy caused by these measures. 

 

 

Harvesting conditions of young thinning stands with neglected management 

 

In Study Ⅲ, a total of 52 young thinning stands of the 60 selected stands were ultimately 

measured. Eight stands were rejected based on the field inventory because they did not meet 

the criteria for selection as research stands. The stand and habitat characteristics of the 

measured stands varied (Table 2; Table 3). Based on the criteria selected for pre-harvest 

clearing, the need for such clearing was identified in 25 stands. The average pre-harvest 

clearing cost for these stands was €220 ha-1.  

 

 

Table 2. Habitat characteristics of the 52 measured young thinning stands with neglected 

management (Study Ⅲ). The other category includes one grove (Norway spruce-dominated) 

and one rocky site (Scots pine-dominated). 

 

Forest stand 

type on 

mineral soil 

or nutrient-

equivalent 

peatland  

Number of stands by main tree species and site type 

Mineral soil Peatland 

Scots 

pine 

Norway 

spruce 

Silver 

birch 

Downy 

birch 

Scots 

pine 

Norway 

spruce 

Silver 

birch 

Downy 

birch 

Herb-rich 

heath forest 
- 9 2 1 - - - 5 

Mesic heath 

forest 
8 8 - - 4 2 - 1 

Sub-xeric 

heath forest 
6 - - 1 1 - - - 

Xeric heath 

forest 
1 - - - 1 - - - 

Other 1 1 - - - - - - 
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Table 3. Main characteristics of measured 52 young thinning stands with neglected 

management (Study Ⅲ). DBH refers to diameter at breast height. 

 

 

Total 

number 

of trees, 

N ha-1 

Trees DBH ≥4.5 cm 

Number of 

trees, N ha-1 

Basal 

area, 

m2 ha-1 

Average 

DBH, cm 

Average 

height of 

trees, m 

Standard 

deviation 

of DBH at 

the stand 

level, cm 

Mean 5 103 2 591 25.9 14.1 14.0 4.2 

Median 4 257 2 498 27.3 13.9 14.4 4.2 

Min 1 512 1 375 11.1 9.4 9.3 2.6 

Max 12 247 5 199 39.2 19.8 19.6 6.3 

 

 

Harvesting simulations showed that harvesting volumes varied substantially among the 

stands and scenarios (Table 4). In the EW scenario, the harvesting volume per hectare was 

9% higher on average than in the IR5 scenario. Between the EW and IR8 scenarios, the 

corresponding difference was 38%. The impact of unmerchantable trees on harvesting 

volumes was minor. Unmerchantable trees occurred in 18 stands and accounted for an 

average of 3% of the harvested volume in those stands. These trees consisted mainly of grey 

alder (Alnus incana) and black alder (Alnus glutinosa). 

 

 

Table 4. Simulated harvesting volumes of the 52 measured young thinning stands with 

neglected management (Study Ⅲ). The EW scenario represented harvesting of delimbed 

energy stemwood with a 3 cm minimum top diameter. The other two scenarios were 

pulpwood harvesting with a requirement of a 3-metre minimum bolt length and minimum top 

diameters of 5 cm (IR5) and 8 cm (IR8).  

 

 Density of 

removal, n ha-1 

Diameter at 

breast height 

(DBH) of 

removals, cm 

Harvesting volumes, m3 ha-1 

EW IR5 IR8 

Mean 1 465 9.9 79.9 73.4 57.8 

Median 1 392 9.4 85.2 79.9 61.5 

Min 247 7.3 20.7 17.1 9.6 

Max 4 091 13.6 154.2 147.8 123.4 
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The simulated harvesting cost varied substantially among stands and depended heavily on 

the average volume of stems removed in the harvesting operation (Figure 12). Moreover, 

differences in dimensional requirements for harvested wood among the three scenarios had a 

substantial impact on costs, particularly in stands with a lower average volume of removed 

stems.   

 

 

 
 

Figure 12. Harvesting costs of the 52 measured forest stands, including cutting and 

forwarding costs (Study Ⅲ). Harvesting costs strongly depended on the average total stem 

volume of removed trees. The EW scenario represented delimbed energy stemwood 

harvesting with a 3 cm minimum top diameter. The IR5 and IR8 scenarios represented 

pulpwood harvesting with minimum top diameters of 5 cm and 8 cm, and with a 3-metre 

minimum bolt length requirement. The horizontal line indicates the recorded average first 

thinning harvesting cost (€22.4 m-3) in 2024 (Strandström 2025). 
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Estimated roadside costs varied among stands and scenarios (Figure 13). This was largely 

caused by the considerable variation in cutting productivity and costs. Based on the results, 

the roadside cost for each stand in the EW scenario was lower than the average delivery sale 

price of delimbed energy stemwood in 2025. However, in the IR5 scenario, the roadside cost 

exceeded the average delivery sale price of pulpwood in 2025 in four stands (8%) and in 12 

stands in the IR8 scenario (23%).  

 

 

 
 

Figure 13. Roadside costs and estimated harvesting volumes (m3 ha-1) for three thinning-

from-below harvesting scenarios in 52 measured forest stands (Study Ⅲ). The costs include 

harvesting, pre-clearing where required, and the harvesting share of average wood 

procurement overhead costs of €2.0 m-3 according to Strandström (2025). The EW scenario 

represented harvesting of delimbed energy stemwood with a 3 cm minimum top diameter. 

The other two scenarios were pulpwood harvesting, with a requirement of a 3-metre 

minimum bolt length and minimum top diameters of 5 cm (IR5) and 8 cm (IR8). The average 

energy wood and pulpwood prices are based on Official Statistics of Finland (2026b; 2026c). 
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DISCUSSION 
 

 

Bioenergy as an important part of the future energy system 

 

Biomass-based fuels are essential for replacing fossil fuels and achieving climate objectives 

both in Finland and globally (Zappa et al. 2019). When combined with BECCS in particular, 

the climate benefits of bioenergy are substantial (Alvarado Cummings et al. 2025). In 

addition, it has been estimated that achieving the EU’s 2040 climate target and reaching 

climate neutrality by 2050 will require substantial use of wood biomass for energy (European 

Commission 2024). These perspectives effectively highlight the divergence in views and 

interpretations concerning bioenergy. Instead of viewing bioenergy as part of the solution to 

mitigate climate change, for example, Seppälä et al. (2025; 2026) have taken a different 

position. They have argued that the use of forest chips should be reduced to decrease 

harvesting volumes and thereby increase forest carbon sequestration.  

However, in the future, the use of bioenergy is likely to shift to more advanced biofuels. 

This shift is likely to involve fuels used in marine and aviation transport rather than increased 

combustion of solid biomass (Börjesson Hagberg et al. 2016; International Energy Agency 

2021). This development is guided by policy objectives such as the targets for the share of 

sustainable aviation fuels (SAF) in the EU, as set out in Regulation (EU) 2023/2405 

(European Parliament and Council 2023b). 

 

 

The growing role of wood energy as a source of balancing power 

 

The electrification of district heating systems has been considered a potential solution for the 

decarbonisation of the heating sector. Technologies such as electric boilers can be utilised 

during periods of low electricity prices. This can reduce the consumption of fossil fuels and 

biomass in district heat production (Weiss et al. 2021; Hiltunen et al. 2025). This development 

is in line with the results of Study Ⅰ, which indicated a decrease in forest chip consumption 

by 2033.  

At the same time, the proportion of weather-dependent electricity generation such as wind 

power is increasing in the energy system. Therefore, the need for renewable balancing power 

is becoming more substantial (Miettinen and Holttinen 2019). This can also be seen in the 

results of Study Ⅰ as the estimated forest chip consumption remained at a relatively high level. 

Additionally, these results are consistent with those of Koljonen et al. (2025), for example, 

which predict that the use of forest chips will remain relatively high over the next ten years.  

However, it should also be noted that although the survey dataset collected in Study Ⅰ was 

comprehensive, some plants were nevertheless excluded. For these plants, consumption 

estimates were obtained by modelling. Moreover, the modelling could not incorporate all 

potential explanatory variables, such as the influence of energy peat consumption. It is 

likewise important to note the uncertainty caused by unpredictable weather conditions.  

In the longer term, widespread use of technologies such as heat storage systems and the 

introduction of various mechanisms for flexible demand will help maintain the energy 

system’s balance (Child et al. 2017; Olkkonen et al. 2018). Additionally, hydrogen may offer 

substantial potential as a form of seasonal storage for renewable energy (Elberry et al. 2021). 

It should also be noted, however, that the wider electrification of the energy system requires 

substantial investments in Finland’s main grid (Fingrid Oyj 2025). As the results of Rinne 
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and Syri (2015) show, the energy system’s stability can also be effectively managed by a CHP 

plant connected to heat storage. A significant advantage of using CHP plants for balancing 

power is that their capacity is already widely available.  

 

 

Future development and challenges for wood energy 

 

In recent years, the profitability of CHP production has suffered from the rapid increase in 

fuel prices (Official Statistics of Finland 2025d). Its economic viability also strongly depends 

on electricity prices (Jääskeläinen et al. 2018). The increased fluctuations in electricity prices 

caused by weather-dependent electricity production are therefore likely to decrease CHP 

production (Mikola 2025). Additional challenges for CHP production may arise from policy 

measures like taxes on the use of solid wood fuels or forest chips. Such measures would 

substantially weaken the competitiveness of wood-based energy (Muilu et al. 2024). In this 

context, the taxation of forest chip consumption, as proposed, for example, by Seppälä et al. 

(2025) and Lintunen et al. (2026), may be an effective measure for steering wood 

consumption and harvesting volumes in line with forest carbon sequestration objectives (The 

Finnish Climate Change Panel 2025; Seppälä et al. 2026). In other words, the potential 

climate benefits of such taxation would pertain to forest carbon sinks, whereas the negative 

economic impacts would fall on the energy sector. Nevertheless, the overall impact of these 

measures should be comprehensively considered.  

As the results of Forsström et al. (2022) demonstrate, a forest chip tax would increase 

district heating prices over the next decade. However, the impacts of rapidly declining forest 

chip use as a result of policy measures could pose greater risk to energy security. As the 

results of Joronen et al. (2025) show, combustion-based energy production is required during 

cold weather, when electricity supply is insufficient to meet demand. For example, in January 

2026, CHP electricity production was at a high level, constituting a significant proportion of 

the electricity generated in Finland (Fingrid Oyj 2026a; 2026b). Similarly, the utilisation rate 

of electric boilers was low (Fingrid Oyj 2026c).  

For the longer-term future of wood energy and forest chips, the key question concerns the 

kinds of solutions that will be used to replace the current plants at the end of their life cycle. 

As the development of forest chip consumption clearly indicates, many of the currently 

operating plants were built in the 2010s (Official Statistics of Finland 2025c). Many of these 

plants will therefore reach the end of their life cycle by the end of the 2030s. Based on the 

results of Study Ⅰ, over the next ten years, replacement investments will probably mainly 

involve solutions other than new plants that consume solid wood fuels. Only a few 

investments in new plants consuming solid wood fuels were identified. Other investments 

related to wood burning were focused on improving energy efficiency. However, if 

investments in BECCU or BECCS in particular are realised, the role of wood energy may 

change substantially as a source of biogenic carbon dioxide. 

It must be noted that the survey underpinning Study Ⅰ was conducted in the spring of 

2024. Several new investment plans have since been made that may affect forest chip 

consumption. Therefore, the consumption of forest chips may decline more sharply than 

anticipated, as indicated by the recorded consumption of 9.1 million m3 in 2025 (Official 

Statistics of Finland 2026d). Nevertheless, the investments in BECCU and BECCS are 

characterised by substantial uncertainty (Kujanpää et al. 2023). Likewise, as Fingrid (2025) 

identifies, electricity demand is expected to increase along with the weather-dependent 

electricity production, which may have implications for the functioning of electricity 
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markets. In addition, if the current relatively high prices of wood fuels and forest chips begin 

to decline, which is likely if consumption declines, this could improve the cost-

competitiveness of wood-based energy generation (Official Statistics of Finland 2025d). 

Similarly, BECCS and BECCU could enhance the profitability of wood-based bioenergy. It 

is therefore necessary to assess energy generation development trends as comprehensively as 

possible to improve preparedness for the changes they may bring. Such assessments are also 

necessary to enable the comprehensive monitoring of policy impacts. 

 

 

Ensuring energy wood supply 

 

As noted in Study Ⅰ, the more fluctuating future use of forest chips will be a significant 

challenge for energy wood procurement and supply chains due to the reduced ability to 

anticipate forest chip consumption. As the results of Väätäinen et al. (2017) indicate, 

fluctuations in energy wood supply can be managed by terminal-based energy wood supply 

chains. Based on the results of Study Ⅱ, the current terminal capacity of energy wood 

suppliers seems sufficient to manage a higher terminal storage utilisation rate. However, it is 

important to recognise that the data analysed represented only part of the energy wood 

suppliers operating in Finland. In addition to energy wood suppliers, some energy wood end 

users have their own terminal capacity. However, the results of Niskanen (2025) indicate 

regional variation in total terminal capacity.  

Increasing use of terminals, however, leads to higher supply costs than direct supply from 

roadside storage to the plant (Kärhä 2011; Väätäinen et al. 2017). Moreover, the stored energy 

wood ties up a significant amount of capital. In addition to the variable utilisation rate of 

machinery and labour, this poses a challenge for the economic viability of energy wood 

suppliers, whose revenue is based on the supplied volumes. This problem may be addressed 

by implementing pricing models that would also allow suppliers to receive income from 

storage. Nevertheless, the supply chains’ economic viability may become difficult to maintain 

if the baseline volume of forest chip supply and consumption falls sufficiently low as a result 

of the energy system’s electrification or policy measures such as taxation of solid biomass 

fuels. Long-term supply contracts that specify a minimum delivery volume of energy wood 

could therefore offer an option to mitigate these impacts. Moreover, increasing the 

predictability of policy measures could further enhance the stability of the operational 

environment for energy‑wood suppliers and support long‑term investment decisions. These 

issues related to energy wood supply chains may otherwise pose risks to security of supply, 

particularly as long as forest chips and wood energy retain a critical role as a source of 

balancing power.  

In addition, changes in energy wood consumption and supply chains are likely to affect 

the procurement areas and transport distances of energy wood. These changes should be taken 

into account, as they influence the use of forest resources at a time when most of the wood 

consumed is procured from domestic forests. As demonstrated by the results of Study Ⅱ, 

most of the energy wood is sourced from areas relatively close to the plants, despite the 

increased price of energy wood (Official Statistics of Finland 2026). The average transport 

distance for energy wood is considerably shorter than the average transport distances for 

industrial roundwood for processing by the forest industry (Strandström 2025). Additionally, 

the harvesting of energy wood enhances the profitability of young‑forest management (Petty 

and Kärhä 2011; Ministry of Agriculture and Forestry of Finland 2015a). The emergence of 
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regions with insufficient energy wood demand as a result of declining consumption would 

therefore be detrimental to the profitability of young forest management. 

 

 

The context‑dependent definition of industrial roundwood 

 

Among the changes in the operational environment, Study Ⅱ indicated that a significant 

volume of industrial roundwood was used as forest chips for energy purposes. Based on these 

results, the estimated volume of burned industrial roundwood may have been around 1.9–2.6 

million m3 in 2023. Nonetheless, the analysed data covered 55% of the energy wood supply 

in 2023, and the proportion of industrial roundwood varied among respondents. However, 

these findings run counter to the general aim of preventing the burning of industrial 

roundwood to utilise the wood in the highest-value use possible (European Parliament and 

Council 2023a; Lintunen et al. 2026; Seppälä et al. 2026).  

However, a decrease in forest chip consumption may not prevent the burning of industrial 

roundwood. Based on the results of Laitila and Väätäinen (2011) and Routa et al. (2015), 

delimbed energy stemwood is particularly suitable for terminal-based supply chains. Other 

assortments, such as logging residues and small-diameter whole trees, are typically chipped 

directly at roadside storage sites and transported as chips for use at plants. This is due to the 

high costs of transporting them unchipped and the substantial dry-matter losses during 

terminal storage. Moreover, it should be noted that the characteristics of different woody 

biomass fractions influence their suitability as fuel. Smaller boilers generally require fuels 

with lower moisture content, and delimbed energy stemwood typically has a higher energy 

content than forest chips produced from logging residues or whole trees (Alakangas et al. 

2016). In particular, energy content is relevant for the use of forest chips in balancing power 

production, as energy demand is substantial during periods of severe cold. Against this 

background, further research is necessary to improve the utilisation, storability, and economic 

viability of terminal-based supply chains for logging residues and whole trees.   

Moreover, as the simulation results of Study Ⅲ indicate, the volume of energy wood 

burned depends strongly on the dimensional and quality requirements of industrial 

roundwood. These results are in line with Pasanen et al. (2014). For example, increasing the 

minimum top diameter from 5 cm to 8 cm alone reduced the harvesting volume of pulpwood 

by 21% in the simulation results for thinning-from-below operations in the 52 analysed young 

thinning stands. However, the harvesting costs of industrial roundwood are higher than those 

of energy wood (Figure 12) due to lower harvesting volumes and lower cutting productivity, 

as the results of Perho (2012) show. According to the cascade principle, wood should be 

allocated to its highest-value use. In light of the results of Study Ⅲ, this evaluation should 

be based on techno-economic aspects rather than solely on dimensional and quality 

requirements. Some volume of industrial roundwood could be harvested, even from poorly 

managed young thinning stands with small-diameter removed stems. However, these 

harvesting operations would not be economical. 
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Wood supply from young thinning stands with neglected management 

 

Young thinning stands with neglected forest management are generally considered a potential 

and sustainable source of energy wood. However, the results of Study Ⅲ show varying 

harvesting conditions and cost-competitiveness of these stands. Although the average 

delivery sale price of energy wood in 2025, used as a reference for analysing harvesting cost-

competitiveness, was relatively high, many of the estimated roadside costs for delimbed 

energy stemwood were close to that level. In practice, these results mean that the economic 

value of energy wood harvested from these stands is limited, as most of its value is absorbed 

by harvesting costs. Moreover, cost-competitiveness deteriorates further if the market price 

of energy wood decreases.  

The Finnish state provides subsidies to non-industrial private forest owners for the 

management of young thinning stands and the collection of small-diameter wood for energy 

under the METKA incentive scheme (2023a). However, it was found that the importance of 

these subsidies for enabling first thinning in such young thinning stands with neglected 

management was limited. Only three of the 52 stands analysed in Study Ⅲ met the current 

requirements for stand characteristics after the harvesting operation (Ministry of Agriculture 

and Forestry of Finland 2026). Based on these criteria, subsidies are targeted more at the 

management of sapling stands than of young thinning stands. Furthermore, this effect is 

accentuated with thinning-from-below operations. For example, if the remaining trees 

include old seed trees, these trees increase the average size of the remaining trees. 

When interpreting the cost-competitiveness results of Study Ⅲ, several limitations 

should be taken into account. In addition to energy wood prices, the applied cutting and 

forwarding productivity models, the assumed hourly costs of machinery, and the threshold 

value and costs of pre-harvest clearing exert an influence on the outcomes. In addition, Study 

Ⅲ examined only the harvesting of delimbed energy stemwood and pulpwood, for which 

market demand is comparatively stronger. However, harvesting profitability in stands where 

harvesting removals consists of small-diameter stems may be improved by implementing 

whole-tree harvesting, as shown in a previous study by Laitila et al. (2010). In addition to 

preventing the burning of industrial roundwood, promoting the management of young 

thinning stands is another important reason for improving the competitiveness of whole-tree 

use for energy. Nevertheless, it should be acknowledged that whole‑tree harvesting is not 

suitable for all forest stand types. The removal of crown biomass leads to nutrient losses in 

the soil, and the impact is particularly substantial when harvesting spruce and birch 

(Palviainen and Finér 2012).  

Finally, forest owners’ objectives for their forests vary considerably. The proportion of 

owners who prioritise considerations other than economic ones is also substantial (Karppinen 

et al. 2020). Nevertheless, the Finnish Forest Act 1093/1996, revised in 2014, does not 

include an obligation concerning the management of young forests once a new stand has been 

established after regeneration felling (Ministry of Agriculture and Forestry of Finland 1996). 

In interpreting the results of Study Ⅲ, it is therefore important to recognise that neglected 

forest management may also reflect the forest owner’s own choice rather than poor harvesting 

cost-competitiveness. From these perspectives, further research is required to understand 

better the phenomenon and its underlying causes, as the management of young forests is 

important for the sustainable economic utilisation of forest resources, and these management 

activities are also supported by the state. 
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CONCLUSIONS 
 

 

This dissertation examines the role of wood energy, particularly forest chips in the 

electrification of the Finnish energy system. The results identify expected changes in both 

forest chip use and the operational environment of energy wood supply chains. Furthermore, 

the analysis reveals factors that hinder the targeting of energy wood procurement at young 

thinning stands with neglected forest management.  

Forest chip consumption is expected to decrease by 2033 as alternative energy generation 

and technologies such as electric boilers and waste heat recovery become more widespread. 

However, consumption is likely to remain at a relatively high level due to declining use of 

fossil fuels and energy peat. In the medium term, wood fuels are increasingly utilised as a 

source of balancing power. This results in greater fluctuations in consumption, longer storage 

times for energy wood, and greater reliance on terminal storage. 

In 2023, most of the energy wood was sourced within 100 km of the consuming plant, 

and the delivered assortments varied by supplier type. A notable share of the delivered 

volume consisted of industrial roundwood. In the future, industrial roundwood may still be 

used for energy, as extended storage times and greater reliance on terminal storage tend to 

favour the burning of delimbed energy stemwood instead of logging residues or whole trees. 

The existing terminal capacity of energy wood suppliers also enables broader use of terminal-

based supply chains. Overall, suppliers’ operational environment is affected by changes in 

forest chip use, while increasing regulatory measures add to uncertainty.  

Young thinning stands with neglected management have substantial variation in cost-

competitiveness as a source of energy wood. In the analysed stands, the effect of forest 

management subsidies proved limited, as stand characteristics exceeded eligibility 

thresholds. The procurement cost of delimbed energy stemwood was found to be high relative 

to its economic value despite relatively high energy wood prices in 2025. However, some 

stands were identified as suitable even for supplying pulpwood. The potential harvesting 

volume depended strongly on the dimensional requirements of the harvested wood 

assortments. In stands where the removal consists of small-diameter stems, whole-tree 

harvesting may improve harvesting profitability. 

The results of this dissertation (Figure 14) contribute to a more comprehensive 

understanding of the evolving role of forest chips within the Finnish energy system, 

highlighting the interplay between technology, markets, and forest resources. The challenges 

that fluctuating forest chip consumption creates for energy wood procurement and economic 

viability should be recognised, particularly to ensure security of supply. In addition, proposed 

policy measures such as taxation of forest chip consumption may further exacerbate these 

challenges. To avoid the use of industrial roundwood for energy, the utilisation of lower-value 

assortments such as whole trees and their supply chains need to be improved. Strengthening 

these supply chains also enhances the potential of young thinning stands with neglected 

management as a source of energy wood. These insights provide a foundation for developing 

strategies that balance climate objectives, energy security, and sustainable forest 

management. 
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Figure 14. The results of this dissertation. The increasing role of wood as balancing power 

poses challenges for energy wood supply.  
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