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This study explores the uncertainty in the 
production and consumption data of solid
biomass for energy by comparing sources
from the Joint Research Centre wood 
resource balances and uses from the Eurostat
energy balances. It uses the Visegrad Four 
(V4) countries for illustration as their energy 
and climate policies promise ambitious
further deployment of this energy source.
This study’s key concern is whether the
revealed level of data uncertainty can
compromise the sustainability of biomass
energy and its integrity with climate 
objectives. Indeed, this study finds worrying
evidence for the V4 countries. Specifically,
the gap between the data on sources and uses
of solid biomass energy was between 33% to
56% for the reported years. The
unsustainability margin may be an alarming
52% for the V4 countries combined. The
CO2 balance of negative emissions from the
wood-based removals and positive emissions
from biomass combustion shifted from
negative to positive in 2010, and has
increased thereafter to as much as 54–56 
million metric tonnes of net emissions in the
V4 countries combined by the early 20s. CO2

emissions from biomass energy increased
from 1.8% to 14.2% of the total greenhouse
gas emissions of the V4 group. The reviewed
policy plans of the V4 forecast a further loss
of up to 40% of carbon sequestration by
wood resources and a continued increase in
biomass energy production by 2030. To
reduce data uncertainty, the designated
authorities should rethink the monitoring,
reporting, and verification rules for solid
biomass sources and uses. The sustainability
and climate neutrality of biomass energy
should be reassessed, and government
policies should be reconsidered to protect the
sustainable use capacity of forests. 
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Introduction 

Biomass energy production has increased both in absolute and relative terms in the 
European Union (EU) in the past two decades. Solid biofuels based on woody forest 
biomass have remained the largest category of renewable energy sources in the EU 
despite the rapid growth of new renewable energy technologies such as photovoltaics 
and wind. However, forest biomass is not an unlimited natural resource. As climate 
policy is making biomass energy ever more attractive, ensuring its sustainability and 
compatibility with climate objectives is even more crucial. The only way to judge this 
is through data. This article explores the level of data uncertainty about the 
production and consumption of solid biomass for energy. We use the example of the 
V4 countries (the Czech Republic, Hungary, Poland, and Slovakia) to analyse official 
data and highlight policy consequences as their national energy and climate plans 
reveal very ambitious policies for further deployment of this energy source.  

Literature review 

Academic discussions about the sustainability of biomass energy have continued since 
a while. Since most solid biomass energy is produced from forest biomass1, the 
sustainability debate focuses on the management of forest biomass resources. The 
narrow concept of sustainability of forest biomass production suggests that 
harvesting should not deplete forests’ regenerative capacity (Tietenberg−Lewis 2018). 
The broader concept of sustainable forest management includes the ecological 
requirement that harvesting should not compromise ecosystem health or deplete 
biodiversity (Amacher et al. 2009). 

However, profit-maximising forest management tends to induce harvest rates that 
result in a net loss of standing timber (Tietenberg−Lewis 2018). As demonstrated by 
the Faustmann optimisation model of forest economics, the harvesting decision 
requires a comparison of the increase in the net present benefit of the additional 
timber volume obtained by delaying harvesting with the net present benefit of 
harvesting the timber and investing the proceeds at market interest rates (Amacher 
et al. 2009). Therefore, sufficiently high interest rates may induce unsustainable 
harvesting. The risk is particularly high in the case of slow-growing natural forests as 
opposed to fast-growing tree plantations, as the latter’s ecological value is negligible 
compared to the former. 

Several authors discuss the significant uncertainties found in the statistics on the 
sources and uses of woody biomass. Cazzaniga et al. (2021) explored a growing gap 
between the sources and uses of woody biomass in the EU27. Some of this gap can 
be explained by the woody biomass produced and harvested outside forest land, as 
suggested by Liu et al. (2023) and Schnell et al. (2015). Kallio−Solberg (2018) find 

  
1 In the EU, woody biomass accounted for 66% of total solid biomass used for energy in (EC 2021). 
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significant inconsistencies between wood supply data and forest industry production 
in self-reported national statistics collected and published by the Food and 
Agriculture Organization (FAO) Ceccherini et al. (2020) used fine-scale satellite data 
to obtain independent information on harvested forest area and found an abrupt 
increase in harvested forest area after 2015 that is not reflected in harvest volumes 
statistics, further highlighting the uncertainty of official forest statistics. Their results 
were later challenged by others (Palahí et al. 2021).  

One study (Nguyen et al. 2024) developed a complex sustainability assessment 
tool for biomass-based energy supply chains based on five sets of indicators 
(environmental quality, resource depletion, social, economic, and circularity). Forest 
biomass harvesting for energy is critical for some of the environmental quality 
indicators (global warming potential of forest floor soil disturbance during harvesting, 
and biomass carbon release and particulate matter formation during combustion) and 
in some resource depletion categories (primary energy consumption of the forest 
biomass value chain and the land use of even-aged forestry).  

Some authors (Gregor et al. 2024) argue that the conflicting combination of policy 
objectives for forestry, biodiversity, and climate change mitigation act as effective 
constraints to improving forest ecosystem services. A study (Korosuo et al. 2023) 
assessed forest carbon sinks in the EU and found that they are rapidly declining due 
to several factors, such as decreasing wood increment, increasing harvesting and 
mortality, and forest management practices.  

Meanwhile, a study (Camia et al. 2021) developed six sets of indicators to quantify 
narrow and broad aspects of sustainability: status of forest resources, ecosystem 
health and vitality, production of timber, non-timber products and marketed services, 
biodiversity, protective function, as well as other socio-economic functions. 
An increase in the use of wood fuel has been observed in the reporting EU countries 
over the last two decades. The study finds that growth in fuelwood extraction has 
been well above gross domestic product growth since 2007. These results are based 
on the EU wood resource balances (WRB) developed by the Joint Research Centre 
of the European Commission (JRC). 

EU wood resource balances versus EU energy balances 

The JRC started a major statistical project to compile the WRB in 2005. 
The European WRB combines data from the joint forest sector questionnaire (JFSQ) 
of the FAO, Eurostat, and the results of the Joint Wood Energy Enquiry (JWEE), 
the biennial survey of the United Nations Economic Commission for Europe 
(UNECE). Since its first publication, the WRB ‘demonstrated the lack of reliable data 
and the need for further research’ (Mantau 2010). 

The concept of the WRB and methodology behind it have been published in some 
studies (Jonsson et al. 2021), among others. In the WRB, the primary and secondary 
wood resources are combined to reflect the circularity of the forest product sectors. 
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For example, industrial roundwood (primary) is processed into sawn-wood, while the 
by-products (secondary) are inputs for the panel and pulp industry, and wood pellet 
producers. Together with fuelwood (primary), which is directly used for energy, these 
secondary sources of biomass provide wood resources to energy uses in the form of 
products or post-consumer wood. Therefore, in the WRB, the primary and secondary 
sources of wood material are plotted against the various uses of wood for material or 
energy (heat and/or power, [H&P]). In Appendix Figure A1 shows the conceptual 
framework developed by the JRC based on a prior study (Mantau 2010). 

The WRB accounts for the different forms of wood resources of biomass energy 
on the source side of the balance. Fuelwood and some industrial wood, as primary 
sources, are channelled into energy production as ‘direct wood’. Meanwhile, 
secondary sources such as wood pellets, by-products, and post-consumer wood are 
channelled into biomass energy production as ‘indirect wood’. In addition, the net 
imports are mostly reported. Importantly, the reported consumption of wood fuel for 
energy is greater than the reported sources in each of the EU member states in each 
year, with significant differences between them. The JRC (Avitabile et al. 2023) finds 
that the EU27 average of the gap in WRB is 104 million cubic metres (Mm3) of solid 
wood equivalent (SWE) compared to 875 Mm3 SWE of total uses (a gap of about 
12%); of this, 424 Mm3 SWE was energy use in 2017. As reported by the JRC in a 
previous study (Jonsson et al. 2021), the gap between reported uses and sources 
increased from 87 to 118 Mm3 SWE in the EU from 2009 to 2015, exhibiting a trend 
of increasing data uncertainty.  

JRC (Avitabile et al. 2023) provides a summary of the 2017 WRB for all EU 
member states based on the annual releases of the WRB, which is reported in Table 1. 
Below, we quote the latest 2017 WRB balance for the V4 group. Countries with 
significantly negative (e.g. the Czech Republic) or positive (e.g. Poland) overall 
balances can be considered as countries with significant unreported sources or uses, 
respectively.  

Table 1 
Summary of wood resource balances for the V4 countries, 2017 

(thousand m3 SWE) 

Country 

Sources Uses Balance 
Gap compared 

to 

primary second- 
dary 

post-
consu-

mer 
wood 

total material energy total sources 
– uses 

total 
sources 

total 
uses 

% 

Czech Republic 16,509 5,935 296 22,740 14,024 13,544 27,568 –4,828 –21 –18 
Hungary 6,014 972 0 6,986 2,917 3,465 6,382 604 9 9 
Poland 50,136 11,247 1,272 62,655 35,895 22,888 58,783 3,872 6 7 
Slovakia 9,404 3,084 130 12,618 8,368 4,478 12,846 –228 –2 –2 

Source: sources and uses data from JRC (2021) and Avitabile et al. (2023). 
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In the WRB system, it is not possible to derive a partial balance for energy sources 
and uses when data on energy use are missing, as it is the case for two (Hungary and 
Poland) of the four V4 countries for 2009–2016. Hence, and to compare the well-
established wood resources data of JRC WRB to equally sophisticated data on energy 
uses, we include the energy balances (EB) published by Eurostat in our analysis.  

The EB are compiled according to a common methodology for each EU member 
state for each energy carrier (‘energy product’) as defined by the standard international 
energy product classification (SIEC). Each energy product is balanced, considering 
its primary production, imports, exports, and stock changes on the source side, and 
the total energy supplied for energy transformation and final consumption for energy 
use on the use side.  

The sources and uses of most energy products in the EB are monitored by the 
national energy authorities based on legal obligations. These are electricity, coal, crude 
oil refinery products, and natural gas. Although some details of these energy product 
balances are estimated using statistical methods, a comprehensive balance of sources 
and uses is ensured by direct data reporting from operators at bottlenecks in the 
system. 

Conversely, certain energy products have a diverse technical and market structure 
such as the solid biofuels. Therefore, the EB of the primary solid biofuels (PSB) is 
compiled by the energy authorities through a complex procedure. Plant operators in 
the transformation sector (heat and power plants) self-report their use of PSB, subject 
to audits and consistency checks. The use of PSB in the industrial and residential 
sectors is calculated by the energy authorities based on statistical surveys and, for 
households, based on representative computable building energy models.  

The definition of PSB used by Eurostat and the EU Commission is based on the 
EU Commission Decision (EC 2009). The nomenclature of the solid biofuels is 
broken down to the following categories: direct wood supply, indirect wood supply, 
agricultural crops, and by-products used for energy2. According to this EC Decision, 
the biodegradable fraction of municipal and industrial waste should also be included 
in the PSB category. However, the Eurostat EBs report renewable municipal waste 
as a separate, independent category. Table 2 shows the EBs of PSBs in the 
V4 countries. 

  
2 EU Commission Decision (EC 2009). 
– Direct supply of woody biomass from forests and other wooded land for energy generation includes: fellings, 

residues from fellings (tops, branches, bark, and stumps), or landscape management residues (woody biomass from 
parks, gardens, tree rows, and bushes). 

– Indirect supply of woody biomass includes: residues from sawmilling, woodworking, furniture industry (bark 
and sawdust), by-products of the pulp and paper industry (black liquor and tall oil), or processed fuelwood, post-
consumer recycled wood (recycled wood for energy generation and household waste wood). 

– Agricultural crops and fishery products directly provided for energy generation: arable crops (cereals, oilseeds, 
sugar beet, and silage maize), plantations, short rotation trees, other energy crops (grasses), and algae. 

– Agricultural by-products/processed residues and fishery by-products for energy generation: straw, manure, 
animal fat, meat and bone meal, cake by-products (including oil seed and olive oil cake for energy), fruit biomass 
(including shell and kernel), fishery by product, clippings form vines, olives, and fruit trees. 
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Table 2 
 PSB EBs of the V4 countries, 2023 

(TJ) 

  Czech 
Republic 

Hungary Poland Slovakia 

Sources 
Primary production 141,116 78,631 348,902 48,857 
Imports 4,861 3,181 12,126 233 
Exports –11,269 –2,221 –12,805 –373 

Total energy supply 134,708 79,591 348,223 48,717 

Uses 

Transformation input – energy use 34,131 16,438 74,204 16,627 
Final consumption – industry sector – energy use 19,229 10,665 66,310 12,812 
Final consumption – households – energy use 80,497 50,974 183,250 18,640 
Transformation losses, energy sector use, other 
final consumption 852 1,514 24,459 638 

Source: Eurostat (2025). 

As shown, PSB EBs are always equalised by a ‘primary production’ data entry, 
which is made up to balance total consumption without further source data 
verification or breakdown to subcategories of PSB sources.  

Figure 1 
Compatibility map of the WRB* and the PSB EB**  

 
* of Joint Research Centre. ** of Eurostat. 
Source: author’s compilation based on JRC (2021) and Eurostat (2025). 

PSB EBs and WRBs are only partially compatible. WRB categories are broader 
because they include wood that ends up in materials that do not necessarily enter the 
energy sources as post-consumer wood at the end of their life cycle (decayed, 
landfilled, reused, etc.). Meanwhile, the PSB definition of the EBs is broader to 
include solid biomass sources such as agricultural crops, by-products and residues, 

WOOD RESOURCE BALANCES

PRIMARY SOLID BIOFUELS ENERGY BALANCES

Materials: 
– sawnwood
– paper & pulp
– fibre boards
– ending up in recycling

until final decay,
landfilling or
incineration without
energy use

Primary wood sources:
– part of industrial
roundwood
– fuelwood
Secondary wood sources:
by-products of wood
industries
– wood pellets, briquets
– post-consumer wood

Direct supply of woody biomass: 
– fellings and residues
– from forests and wooded lands
Indirect supply of woody biomass:
– residues from wood industries

(bark, sawdust) 
– by-products of the paper and 

pulp industry (black liquor, tall oil)
– processed fuelwood, pellets
– post-consumer wood

Agricultural crops
– arable
– plantation
Agricultural residues
and by-products
– straw, husk
– oil cake, kernel
– wood clipping
Biodegradable
wastes
– industrial
– (municipal)
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and biodegradable wastes. Figure 1 provides a summary of the compatibility between 
the two concepts. 

Next, we construct a joint WRB–EB balance using the V4 countries as an example, 
with solid biofuel energy sources as published in the WRB and solid biofuel energy 
uses as published in the EB.  

The gap between wood resource and energy balances 

As explained above, EBs are effective in collecting energy use data disaggregated by 
energy product based on legal data reporting obligations to authorities. The WRB is 
the most reliable for the data on woody biomass sources. This is because it is based on 
questionnaires that are part of the data reporting routines of FAO/UNECE, the 
official data hub for governments to report their biomass sources to. Therefore, to 
combine the advantages of the two methodologies, we construct the hybrid  
WRB–EB balances, demonstrated for the V4 countries, with sources from WRB and 
uses from EB. Unfortunately, the WRBs are only published from 2009 to 2017. 
Hence, this exercise can only be done for this limited time frame. However, the results 
may have wider implications.  

In Figures 2 to 5, the stacked columns in shades of brown represent the main 
energy use categories for PSB by the transformation and final consumption sectors. 
The stacked columns in shades of green represent the sources of PSB types broken 
down into the WRB categories of direct, indirect, and unknown wood. The blue 
column is the balance of exports and imports as reported by the WRB, presented as 
net imports and added to the stacked column of sources when the net imports are 
positive, it is added to the stacked column of uses when the net imports are negative. 
The vertical axis represents the same amount of biomass in energy terms (TJ) for the 
source and use categories. Since the source data are reported in SWE by the WRB, 
those are converted to Joule using fuelwood parameters according to the FAO 
methodology.3  
  

  
3 Fuelwood SWE: m3 roundwood/oven-dry metric tonne (EU avg.): 2.1, product basic density (solid volume, 

oven-dry): 521 kg/m3, higher heating value: m3 roundwood/GJ: 0.12 (equal to 8.33 GJ/m3). Source: FAO (2009). 
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Figure 2  
WRB sources and EB uses of PSB for energy in the Czech Republic 

 
Source: own chart based on JRC (2021), Cazzaniga et al. (2021) and Eurostat (2025). 

The Czech forest sector suffered from a severe bark beetle outbreak during the 
observed period, resulting in extensive salvage harvesting and the dumping of much 
of this timber on export markets. The salvage harvest boosted most product 
categories. Thus, the unexplained gap of 35% between WRB sources and EB uses in 
2009 narrowed to 12% in 2017. 

Hungary is one of the countries where significant amounts of non-wood PSB have 
been identified and could be added to the WRB sources (see Figure 1 for the WRB 
and EB compatibility mapping). The data were collected by interviewing the national 
energy authority responsible for energy statistics. However, the figures are relatively 
low, fluctuating between 6,000 and 9,000 TJ. Thus, even after considering this non-
wood PSB production in addition to WRB sources, a significant gap remains between 
the source and use data for PSBs in Hungary. It ranges from 53% to 66% of the PSB 
consumption data reported in the official energy balance, representing an alarming 
level of data uncertainty. 
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Figure 3 
 WRB sources and EB uses of PSB for energy in Hungary 

 
Source: own chart based on JRC (2021), Cazzaniga et al. (2021) and Eurostat (2025). 

Figure 4 
 WRB sources and EB uses of PSB for energy in Poland 

 
Source: own chart based on JRC (2021), Cazzaniga et al. (2021) and Eurostat (2025). 
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In Poland, the WRB data looks equally uncertain: the only reported category is 
labelled as ‘unknown wood’ until 2017. Further, we observe an unexplained doubling 
of annual ‘unknown wood’ sources after 2015. However, the gap is reduced from 
60% to 30%, which is still significant. Poland is the only V4 country to report 
significant amounts of consistently positive net imports in its official EBs. This is not 
reflected in its WRB net import figure, which alternates between small negative and 
positive amounts several times over the period. 

Figure 5 
 WRB sources and EB uses of PSB for energy in Slovakia 

 
Source: own chart based on JRC (2021), Cazzaniga et al. (2021) and Eurostat (2025). 

The supply-demand gap is also very explicit in the case of the Slovak official data. 
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EU regulations (EC 2013). Since 2010, the household PSB energy use is the result of 
a complex methodology that includes surveying and energy modelling of the 
household building sector, similar to most other member states. Consequently, a 
significant gap of 26% to 46% appears after 2010, offsetting the supply surge of 
salvage logging.  

The gap observed in all V4 countries is likely to be explained by a combination of 
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burning of household waste, and possible statistical issues on both the energy and 
forestry side (surveying, sampling, methodology, modelling, etc.). 

Dynamics of change within the energy balances 

Having identified this significant uncertainty, we now assess the potential of policy 
instruments to make a difference by analysing how two decades of biomass energy 
policies have affected the use of PSB for energy transformation and final energy 
consumption. The share of PSB in the main EB categories is shown in Figure 6. 

Figure 6 
Share of PSB in total of energy products by major EB categories 

 
Source: own chart based on Eurostat (2025). 

The depicted growth in PSB shares shown over the last two decades is the product 
of a decreasing total energy supply and an increasing PSB use. While all but three EU 
member states decreased their total energy supply (including the Czech Republic, 
Hungary, and Slovakia but excluding Poland among the V4 group), all but two 
member states increased their total PSB supply over the same period (including all 
V4). The absolute change in total energy products and PSB use for energy in the V4 
countries over the two decades is shown in the following graph by main EB 
categories. 

A clear effect of biomass energy policies can be observed: while total energy 
consumption decreased in all V4 countries except for households in Poland and 
industry in Hungary, PSB use increased in all main EB categories. In Appendix Figure 
A3 illustrates the relative change of total and PSB energy use in the V4 and EU23 
groups of countries from 2004 to 2023 by the main EB categories.  
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Although their total input for energy production has decreased, electricity and heat 
producers (i.e. the transformation sectors) have significantly increased their use of 
solid biofuels because of direct and indirect policy incentives in the EU: while the use 
of PSB for energy transformation more than doubled in the EU23, it more than 
quadrupled in the V4.  

In the V4, PSB for final energy consumption in the industrial sectors has almost 
doubled over the last two decades. Meanwhile, in the rest of the EU, it has only 
increased by 27%. In 20 out of 27 member states, the industrial sectors increased their 
final energy consumption of PSB between 2004 and 2023. Meanwhile, in 22 member 
states, the total final energy consumption of the industrial sectors decreased over the 
same period, including in the Czech Republic, Poland, and Slovakia from the V4, with 
the EU average being 22%. 

The household sector is the largest of the biomass-using sectors in the V4, 
which represents 14% of the EU population but consumes 21% of the total 
household PSB in the EU. 

EU23 and V4 households also reduced their total final energy consumption 
between 2004 and 2023 by 15% and 1%, respectively. However, they increased their 
PSB final energy consumption by more than 90% in the V4 and 15% in the rest of 
the EU over the same period.4 

In summary, the observed absolute changes in PSB use are not temperature-
corrected. An even higher increase is recorded in 2021 in all energy segments 
discussed above. Hence, the observed growing trend is likely to be a policy-induced 
fundamental change and not just the effect of the energy crisis in 2022. 

Potential impacts on the sustainability and  
climate benefits of biomass energy 

Growing demand coupled with data uncertainty requires additional analysis of 
biomass-related issues. The sustainability of biomass energy is questionable if annual 
harvest exceeds net annual increment (NAI). In addition, the climate benefits of 
biomass energy may be compromised if annual CO2 emissions from biomass energy 
exceed annual CO2 sequestration by forests. Next, we explore the potential impacts 
of biomass data uncertainty on sustainability and climate mitigation using the V4 
examples.  

Sustainability 

Regarding sustainability, a useful approach is making an assessment assuming the 
worst-case scenario wherein all missing wood needed to fill the gap between the data 

  
4 A part of the observed increase in household PSB can be explained by substantial changes in the statistical 

methodology behind the EB data (EC 2013). 
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on sources and uses is forest wood that is harvested and used without being accounted 
for. In this case, the use of wood biomass is sustainable if the total annual removal 
does not exceed the NAI. NAI is the figure that represents the natural annual growth 
of the forest minus the losses due to natural mortality. Harvest intensity (HI) is a 
measure of forest utilization rates that compares annual removals to NAI. Utilization 
rates where the HI exceeds 100% indicate unsustainable forest management.  

To assess sustainability, we compare the NAI with the sum of the assumed non-
energy and energy use from the PSB EBs, as reported in Table 3. The non-energy use 
of wood resources is calculated from the WRB: historically (2009–2017), the 
V4 countries used on average 46% of their total harvested wood sources for energy 
purposes, ranging from 20% in Slovakia in 2013 to 60% in Poland in 2017. Assuming 
a constant historical rate of energy use, we calculate the maximum sustainable amount 
of wood available for energy use for each V4 country based on their NAI data 
published by the Eurostat. 

Table 3 
Sustainability assessment of PSB use for energy in the V4 countries  

Country 

Net annual 
increment (NAI) 

in 2020,  
1,000 m3 

Observed rate 
of energy use, 

2009–2017 
average, % 

Estimate of  
the maximum 

sustainable 
energy source, 

1,000 m3 

Total PSB use 
for energy in 

2020,  
1,000 m3 

Possible  
overuse rate, 

% 

Czech Republic 36,301 52 18,749 16,916 90 
Hungary 11,947 62 7,349 10,311 140 
Poland 77,861 27 21,235 46,878 221 
Slovakia 13,411 42 5,603 6,599 118 
V4 139,521 46 52,936 80,703 152 

Source: own calculations based on JRC (2021), Cazzaniga et al. (2021) and Eurostat (2025). 

The italicized entries in Table 3 show that three of the V4 countries and the bloc 
together may be using unsustainable amounts of wood for energy. This assumes that 
the historical rate of energy use of harvested wood and total PSB energy use data are 
real and derived from forest harvesting. The unsustainability margin is an alarming 
52% for the V4 countries combined. 

Climate mitigation by biomass energy? 

Before climate change policies began to influence the relative attractiveness of energy 
fuels and technologies, the use of wood fuels for energy was stable, and mostly 
dominated by household final consumption of fuelwood and harvest residues for 
space heating. Direct and indirect policy interventions began around 2005 through 
renewable energy targets with subsidies and the EU Emissions Trading Scheme 
(EU ETS 2003). The EU ETS effectively made woody biomass an attractive fuel 
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choice with no carbon cost for entities under the policy, thanks to the carbon 
neutrality claim of biomass energy. 

The climate neutrality of biomass energy is a concept that has been questioned 
by scientists and experts (EASAC 2018). Although the carbon stored in forest 
biomass comes from the atmosphere and not from fossil deposits, it is released back 
into the atmosphere when burned for energy. The specific carbon emission of 
fuelwood is the highest of all combustible fuels, and even higher than that of coal or 
lignite (IPCC 2006). However, according to the United Nations Framework 
Convention on Climate Change protocol (IPCC 2006), the release of carbon in the 
forest sector must be accounted for when the wood is harvested, with all uncertainties 
discussed above.  

Many authors argue that significant additional carbon emissions are related to 
biomass energy production, such as soil disturbance (Achat et al. 2015) and further 
emissions along the biomass supply chain (Berndes et al. 2016, Favero et al. 2023). 
However, biomass combustion for energy is rewarded with a zero emission factor, 
giving it a false image of climate neutrality, when in fact biomass burning is severely 
depleting humanity’s extremely constrained carbon budget as of the Paris Agreement. 

A rapid decline in forest carbon sequestration is foreseen in strategic 
government documents (national energy and climate plans) in many EU member 
states and the V4 countries. This is due to several factors such as the ageing of the 
forest stock, increasing intensity of harvesting due to rising demand pressure, failure 
of afforestation plans, and onset of climate change. 

New EU regulations and policies aim to further increase the demand for 
biofuels. The EU ETS 2 (EU, 2003) aims to reduce carbon emissions in the transport 
and buildings sectors, potentially leading to a significant shift in space heating to 
biomass. The EU Carbon Removal Certification Framework Regulation (EC 2024a) 
and EU industrial carbon management strategy (EC 2024b) aim to facilitate and 
promote investment in bioenergy with carbon capture and storage (BECCS) and 
increased use of biomass, mainly forest wood, to replace carbon-intensive materials.  

Trends in forest carbon sequestration and biomass energy 

The quantitative result of the policy influences described above is summarised here. 
We use data on the negative emissions from forest land in the V4 achieved through 
net forest growth, which translates into net carbon sequestration. In Figure 7, the 
historical trends in net carbon sequestration are plotted and compared with carbon 
emissions from biofuels. Finally, future policy trends for forest carbon sequestration 
and biomass energy production are quantitatively illustrated from the national energy 
and climate plans of the V4 countries. 
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Figure 7 
CO2eq emissions from biomass, forest land, and harvested wood products  

in the V4 countries 

 
Source: own chart based on National Inventory Reports of the V4 countries (IPCC 2023). 

The trend is worrying: increasing CO2 emissions from biomass combustion, 
decreasing carbon sequestration by forests, and very slowly increasing carbon 
sequestration by harvested wood products (HWP) 5 . The balance of negative 
emissions from the forest land (FL) and harvested wood products (HWP) inventory 
categories, and positive emissions from biomass combustion turned from negative to 
positive in 2010. This has risen to as much as 54–56 million tonnes of net emissions 
in the V4 countries combined by the early 20s. CO2 emissions from biomass increased 
from 1.8% to 14.2% of the total greenhouse gas (GHG) emissions of the V4 group.  

Against this trend, assessing how government policies are addressing the issue is 
important. The national energy and climate plans of the V4 countries were reviewed 
to summarise the impact of policies and measures on biomass use for energy and 
carbon removal by forests (NECP-CZ 2024, NECP-HU 2024, NECP-PL 2024, 
NECP-SK 2024). These are summarised in Figure 8. 

  
5 If there is more mitigation potential in the HWP category for V4 countries or if HWP is close to saturation, 

more research is needed, as suggested by other authors (Pilli et al. 2015). 
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Figure 8 
Policy plans for biomass-to-energy and carbon removal by forests  

in the V4 countries, 2030 
Biomass-to-energy   Carbon removal by forest land 

 
Source: own chart based on NECP-CZ (2024), NECP-HU (2024), NECP-PL (2024), and NECP-SK (2024); land 

use, land use change, and forestry (LULUCF) targets for 2030, in ktCO2eq: CZ: –1228; HU: –5724; PL: –38098;  
SK: –6821; V4 combined: –51871 (EC 2018). 

According to the reviewed energy plans and policies of the V4, biomass electricity 
is expected to increase by 49% between 2020 and 2030. Biomass heat is planned to 
only grow moderately at 2%, still accounting for more than 600 PJ. Meanwhile, policy 
makers in the V4 countries seem to accept that they will lose significant forest carbon 
stocks. In the pessimistic case, the annual carbon sequestration rate of their forests 
falls from 20 million tonnes of CO2 equivalents per year in 2020 to 12 million tonnes 
in 2030, a loss of 40%. Even under the most optimistic scenarios, the combined 
carbon sequestration of V4 forest lands will be no more than 19 million tonnes of 
CO2eq by 2030. This is less than half of the combined V4 land use, land use change, 
and forestry (LULUCF) target for 2030 (–51.9 Mt CO2eq) set in the EU LULUCF 
regulation. 

Conclusions 

Forest biomass is not an unlimited source of renewable energy. Recently, its 
limitations and scarcity have become even more apparent. The case of the V4 
countries shows that a decline in the biomass capacity of forests, due to aging stocks 
and extreme losses caused by unusual weather patterns, accompanied by growing 
demand has resulted in increasing pressure on forest resources. This study explored 
the fundamental data uncertainty in biomass energy, with the findings implying that 
authorities struggle to monitor, control, and verify all sources and uses of PSB.  

The growing demand for primary solid biomass as an energy fuel has been driven 
by a combination of policies. Here, the concepts of the renewability and climate 
neutrality of biomass energy need to be refined. Further, current government policies 
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need to be reconsidered to protect the capacity of forests, and those households 
which rely on firewood as their only affordable fuel for space heating.  

From a broader climate policy perspective, reassessing the integrity of biomass 
energy with climate policy is critical. For example, the V4 countries are losing their 
forest carbon stocks at an alarming rate, as well as the capacity of their forests to 
sequester carbon. While all V4 countries present ambitious biomass energy policies, 
very little is said about their policy plans to halt the declining trends in their forest 
carbon stocks and increase their annual forest carbon sequestration to meet their new 
LULUCF targets. Worryingly, the net balance of CO2 removals and emissions for 
wood resources shifted from negative to positive in the V4 in 2010 and has continued 
to deteriorate thereafter. CO2 emissions from biomass has increased from 1.8% to 
14.2% of the total GHG emissions of the V4 group. 

The most critical issue that energy and forest administrations should address is the 
significant uncertainty in the production and consumption data of primary solid 
biomass for energy. For example, the uncertainty in the V4 countries is such that 15% 
to 75% of the solid biofuel use reported in their national EBs cannot be justified by 
the wood resources reported in their JRC WRB for the 2009–2017 period, with the 
combined gap of the V4 group fluctuating between 33% and 56% over this period. 
Until this major administrative failure is corrected, no additional biomass energy 
support schemes (e.g. BECCS) should be introduced. 

Many argue that biomass utilization should be focused more on agricultural biomass 
resources (Saleem 2022, Hellwinckel et al. 2024, and Rocha-Meneses et al. 2019). 

Those involved in renewable energy statistics, in general, or biomass statistics, in 
particular, should take a precautionary approach, given that a significant part of PSB 
consumption in official EBs is not verified by official data on biomass sources. 
Designated authorities should establish working groups, including experts in forestry 
and energy statistics, to improve the reliability of national data publications. The JRC 
should continue and publish its WRB. Policy makers should develop a complex policy 
approach to the forest-biomass-energy-climate nexus to prevent unforeseen losses of 
their forests and keep fuelwood affordable for those households with no other 
options to meet their domestic energy needs.  
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Appendix 
Figure A1 

 Flows of woody biomass among the different sectors in the Joint Research 
Centre wood resource balances 

 
Source: Jonsson et al. (2021). 

Figure A2 
 Absolute change in total and PSB use for energy  

in the V4 countries from 2004 to 2023 by major EB categories  

 
Source: own chart based on Eurostat (2025). 
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Figure A3 
 Relative change in total and PSB use for energy  

in the V4 and EU23 countries from 2004 to 2023 by major EB categories 

 
Source: own chart based on Eurostat (2025). 
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