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Abstract: With the increasing use of forest biomass, concerns about negative impacts have been raised
in the debate. The aim of this study was to find out the attitude of university students towards the
energy use of forest-based biomass and how different areas of sustainable forest operations were
addressed. The survey was conducted over two years (2018–2019) with both full-time students at
university and distance learning students who study alongside their work. Background information
such as gender, nationality and field of study was collected from students. Most of the students
currently considered the energy use of forest biomass to be sustainable. Many replies stressed that
the situation could change if the use of forests is increased from the present circumstances. The main
factors mentioned that led to forest-based bioenergy being sustainable were positive felling balance,
compliance with forest certification, use of waste fractions and implementation of the Renewable
Energy Directive (RED II) directive, while the loss of biodiversity, over-exploitation of forests, C debt
and the cascading principle were factors that led to forest-based bioenergy being unsustainable.
Student background variables had no effect on responses except for the field of study.
Keywords: sustainability; forestry; forest residues; climate change; education

1. Introduction
1.1. Sustainability in Forest Management
This study seeks to find out the opinions of university students on the sustainability of forest-based
energy biomass. They will be future decision makers in the industry, so their views will have an impact
on future choices. With the increasing use of forest biomass, concerns about negative impacts have
been raised in the debate. In order to assess possible negative impacts, we need to understand the
concept of sustainability. Sustainability is defined by the Brundtland report as development that meets
the needs of the present without compromising the ability of future generations to meet their own
needs [1]. The continuous growth of forests needs to be ensured through sufficient investments in
forests. Sustainable forest management addresses a great challenge in matching the increasing demands
of a growing human population while maintaining ecological functions of healthy forest ecosystems [2].
The climate change perspective calls for a change in perspective for forest operations ecology from
the local and regional scales to the global scale [3]. The effective implementation of sustainable forest
management practice depends on carrying out forest operations in a sustainable manner. In fact, the
silvicultural practices of forest operations may also have a strong effect on environmental, economic
and social performances, and hence sustainability. Therefore, the focus of sustainable forest operations
(SFO) should be widened from forest and environmental ecology. A recently renewed concept of SFO
is based on a broader focus and different scales of sustainable development, consisting of economy,
environment, society, ergonomics and quality optimisation. Its purpose is to balance the performance
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of forest operations across economic, environmental and social sustainability objectives [4]. It includes
five performance areas: environment, ergonomics, economics, quality optimisation, people and society,
all of which contain more specific key indicators.
Sustainability indicators include forest area, growth/loss ratio or maximum logging volume,
which can be maintained without compromising future felling opportunities. During the last ten years,
about 0.1% of the forest area, or almost 19,000 hectares per year, has been taken up for other land
use, but on the other hand, growth is clearly higher than drain [5]. Other indicators to be monitored
include forest biodiversity, health and vitality [6]. Today, common storm damage and diseases affecting
forests also alter the condition of forests. The forthcoming EU Biodiversity Strategy of the European
Commission proposes a number of measures to enhance biodiversity. One of the most important means
of biodiversity management of commercial forests is to preserve valuable habitats and to exclude some
trees from felling. The Forest Act defines particularly important habitats, the characteristics of which
must be preserved in forest management [7].
In addition to the sustainability of wood supply, ecological, cultural and social sustainability has
been required for forest use. Natural Resource Institute of Finland (LUKE) has developed an online tool
called Metsämittari, which allows users to view the impact of forest usage scenarios uploaded to the
service in a multidimensional way [8]. In its calculations, LUKE also takes dimensions of sustainability
into account, which give an estimate of the maximum maintained harvest, which gives a somewhat
lower felling estimate than the previous mentioned sustainable harvest level.
1.2. Use of Forest Chips in Finland
In its climate and energy policy, the European Union is committed to the objectives of reducing
greenhouse gas emissions. Bioenergy will play a key role in achieving the targets and its use will
increase significantly in the next few years [9]. Therefore, ensuring the sustainability of forest-based
bioenergy is essential for the acceptability of its use. In 2017, bioenergy was the largest source of
renewable energy in the EU, accounting for 57% of renewable energy [10]. In Finland, bioenergy
accounted for 78% of renewable energy and consisted mainly of wood-based energy [10]. In recent
years, wood fuels have produced over a quarter of total energy consumption in Finland. Indeed,
wood fuels are now the single most important source of energy in Finland since they have been more
important than oil, coal or natural gas since 2012 [11]. The energy wood produced in Finland is
largely based on the by-products of the wood processing industry and forestry. Typically, wood energy
resources are used in highly efficient district heating (DH) systems and combined heat and power
(CHP) plants [12].
Over the last seven years, the use of forest chips in thermal and power plants has varied between
7.2 and 8.0 million cubic metres and has averaged 7.5 million cubic metres per year (approximately
15 TWh) (Figure 1). In recent years, more than half of the forest chips have been chipped from
small sized-trees, i.e., small-diameter energy wood, and are harvested especially in connection with
silvicultural activities on young forests. The next most used are logging residues. The rest consist of
stumps and rotten log wood, whose uses have remained low. The use of forest chips in Finland is
thus based in particular on wood parts that are not suitable for pulpwood or dimensional lumber
in mechanical forest industry. Forest silvicultural activities ensure the supply of marketable wood.
In addition, sensitive and valuable natural sites are typically protected and are not included in felling.
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observation in the study, “Young people’s acceptance of bioenergy and the influence of attitude
strength on information provision” was that the school lecture weakly contributed to building
attitude strength, rendering opinion changes less likely in the future [17].
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that the school lecture weakly contributed to building attitude strength, rendering opinion changes
less likely in the future [17].
2. Materials and Methods
2.1. Implementing the Survey on Moodle
The survey was conducted over two years (2018–2019) for both full-time students at
Lappeenranta-Lahti University of Technology (LUT) University and distance learning students
who study alongside their work. LUT University (Lappeenranta-Lahti University of Technology (LUT))
is a science university in Finland, bringing together the fields of science and business. The questionnaire
was targeted at both full-time and distance learning students in the Bioenergy course, who were
given the opportunity to answer questions electronically at the end of the course. Responses were not
given anonymously, and respondents were aware of this. Full-time students have regular face-to-face
lectures, while distance learners self-study through the digital platform Moodle. Both groups had the
same lecture material available; only the teaching method was different. Distance learning students
also had the opportunity to ask questions of the teacher through a digital platform. The survey was
conducted in a digital learning environment. MoodleTM , “Modular Object-Oriented Dynamic Learning
Environment”, is a free, open-source object-based learning platform, i.e., virtual learning environment
(VLE). Moodle can be used to build courses that allow you to publish material (e.g., in a timed fashion)
and conduct experimental tests. Moodle provides tools for interaction, content production and material
sharing, among other things. The Bioenergy course was conducted in this environment for both
student groups. One of the topics of the course was the sustainability of bioenergy supply and use.
All dimensions of sustainability, such as environmental, social and economical, were included in the
definition of sustainability. In a digital learning environment, each group of students was able to
answer the question option in their own time and justify their answer. Answers were not graded and
there was no length limit to the justification of the answers. The choice question offered three options,
“yes”, “no” and “don’t know”, from which the respondent chose one.
The questions were:
•
•

How do you see the current woody biomass use for energy in Finland? Is it sustainable?
Can you justify your previous choice of sustainability?

There was no attempt to guide the students in their answers, because there could be reasons to
be either positive, negative or not know opinion. In practice, the course material and the way it was
delivered may affect responses compared to a hypothetical reference group that would not have seen
the teaching material. Therefore, the group of students taking the course are not representative of a
broader population of students that didn’t just learn about sustainability and bioenergy. However,
students were encouraged to think critically and source criticism. The course does not tell whether
the use of forest-based bioenergy is sustainable or not but highlights various methodological choices
which may influence to the outcome. Those are, e.g., definition of reference (no bioenergy) scenario,
time frame of evaluation period, spatial scale, scope (like one product life cycle or system level
assessment) and metric choice. The survey gave an idea of how these different groups view the use of
forest-based bioenergy and how different options were justified.
The number of distance learning students was larger than the number of full-time students each
year, and the number of students increased in 2019 (Table 1). The response rate for full-time students
was 70% and 100% for distance learners who completed the query as part of the course. A total of
273 students participated in the study. For full-time students, answering was voluntary, resulting in a
lower response rate.
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Table 1. Student population.
Group

2018

2019

Total

Full-time students
Distance learners

43
77

59
94

102
171

120

153

273
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2.2. Testing the Background Variables
Responses were cross tabulated for background variables. This was to determine whether the
background variable had an effect on the response. In cross tabulation, observations were presented
in number distributions and a hypothetical tabulation with no dependence on background variables
was constructed. The numbers in the hypothetical table are called expected frequencies. In order to
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2.2. Testing the Background Variables
Responses were cross tabulated for background variables. This was to determine whether the
background variable had an effect on the response. In cross tabulation, observations were presented in
number distributions and a hypothetical tabulation with no dependence on background variables was
constructed. The numbers in the hypothetical table are called expected frequencies. In order to make
the frequencies high enough (>5), the answers “no” and “don’t know” were combined, as were the
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Table 2. The significance of background variables for full-time students.
Table 2. The significance of background variables for full-time students.
df
df
sex
sex
11
nationality
nationality 11
BSc/MSc
1
BSc/MSc
1
studies
4
studies
4

X22-Value
-Value p-Value
X
p-Value
0.001
0.973
0.001
0.973
0.047
0.829
0.047
0.829
0.614
0.433
0.614
0.433
14.268
0.006
14.268
0.006

The use of forest biomass in energy production was also considered sustainable by most distance
learning students (87%) (Figure 5). Equally, for them, of all the background variables, only the study
fields influenced attitudes towards sustainability (Table 3). Chemical engineering (CHE) students
were more sceptical about sustainability. Within each group, the majority were energy technology
students, and they found forest biomass use sustainable. Moreover, there was no significant
difference in the attitudes towards sustainability between full-time and distance learning student
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The use of forest biomass in energy production was also considered sustainable by most distance
learning students (87%) (Figure 5). Equally, for them, of all the background variables, only the study
fields influenced attitudes towards sustainability (Table 3). Chemical engineering (CHE) students were
more sceptical about sustainability. Within each group, the majority were energy technology students,
and they found forest biomass use sustainable. Moreover, there was no significant difference in the
attitudes towards sustainability between full-time and distance learning student groups.
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3.3. Students’ Justification of Choices: Yes, Sustainable
Initially, the fact that forests grow more than they are felled, or forest felling fell below the
sustainable felling level, were the most frequently cited reasons for a sustainable alternative. It was
also mentioned that forests continue to function as a significant carbon sink. Several justifications
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3.3. Students’ Justification of Choices: Yes, Sustainable
Initially, the fact that forests grow more than they are felled, or forest felling fell below the
sustainable felling level, were the most frequently cited reasons for a sustainable alternative. It was also
mentioned that forests continue to function as a significant carbon sink. Several justifications stressed
that this is the case at present, but the increasing use of wood may make the situation unsustainable.
Second, different policy instruments, such as forest certificates (PEFC, FSC) and laws mean that
woody biomass use in Finland is largely sustainable. Forest laws require, among other things, that forests
must be replanted after felling. Finland also has a long history of wood use and forestry, whereby
knowledge and know-how of the long-term balance of forest management is known. For example,
the Finnish Forest Centre produces forestry guides that have the aim of maintaining biodiversity and
reducing the impact of forestry on the environment.
Third, it was mentioned that the sustainability of forest bioenergy production is always contextand feedstock-dependent. In Finland, bioenergy is mainly produced from process by-flows, residues
and small diameter stems from forest operations as a result of integrated systems that deliver bioenergy
and other forest products. Forests are not grown for bioenergy but are a by-product of cultivation
and processing.
Fourth, the new Renewable Energy Directive (RED II) has sustainable criteria for all biomass used
for energy use or biofuels [24]. Respondents saw this as a guarantee of sustainability. The Renewable
Energy Directive (RED II) was published in December 2018. The directive contains binding EU-wide
sustainability criteria for biomass used for energy production. The sustainability criteria aim to ensure
that the increasing use of bioenergy in the EU produces significant reductions in greenhouse gas
emissions compared to fossil fuels. In addition, sustainability criteria include requirements for growing
biomass in forests, fields and grasslands. The new RED II Directive will extend the criteria to include
solid energy biomass for electricity and heat production from July 2021. In addition to environmental
and ecological sustainability, social and economic sustainability were also mentioned as measures of
sustainability. Many studies emphasise social sustainability and the employment opportunities offered
by forest biomass for energy use [25–27].
3.4. Students Justification of Choices: No, Not Sustainable
First, loss of biodiversity, flora and fauna was mentioned in several justifications as a factor
negatively affecting the sustainability of forest biomass. Forest management practices favour
monoculture, and the proportion of unmanaged forests is decreasing. The preservation of native
species of wood, the amount of decayed wood, valuable habitats and the structure of forests are linked
to the maintenance of biodiversity.
Second, the increasing use of forests was seen as a threat to sustainability. There are many projects
in Finland that aim at increasing the use of wood in the forest and energy industries. The use of wood
can only be increased to a limited extent and there is a great deal of regional variation in supply and
demand in Finland. Increasing the use of energy in biomass also means extending harvesting to sites
with a lower biomass balance than before, which may imply a deterioration of the nutrient balance.
Increasing the use of wood can also lead to an increase in wood imports, whose sustainability might be
a challenge.
Third, biogenic carbon dioxide emissions were also mentioned, which raises atmospheric CO2
and accelerates the rise in temperatures. The CO2 -balance of bioenergy is neutral from a long-term
perspective, but the warming impacts of forest bioenergy needs consideration. C debt is a measure for
the global warming potential (GWP) of biogenic CO2 as it has a longer atmospheric residence time.
This is affected by the type of biome (boreal, temperate, tropic) and type of forest product (residues,
thinning, low- or high-quality stem wood). Logging residues are better in this regard compared to
stumps or stem wood.
Lastly, other responses that questioned sustainability included the cascade principle and poor
biomass efficiency in energy use. The cascade principle means prioritising the use of raw materials
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for resource efficiency. For example, wood is first made into higher-value products that are reused
or recycled and lastly converted into energy. In particular, electricity can be generated from other
renewable sources (solar, wind) and biomass can be used to replace fossil-based chemicals and products.
Renewable electricity can be used in conjunction with Power to X-technologies where atmospheric
CO2 and hydrogen from water are converted into synthetic fuels (methane, methanol, dimethyl ether).
The poor efficiency of biomass use was mentioned in the context of electricity generation in condensing
plants and long biomass supply chains. Potential GHG emission reductions will decrease as transport
distances increase, but this is dependent on the logistics system.
3.5. Students Justification of Choices: Don’t Know
The reason for not being able to respond to either option was the conflicting views of the different
parties. The lack of consensus within the science community regarding the essentiality of carbon
sinks raised questions about forestry and sustainability. Different methodological approaches exist,
and the perspective has shifted from narrow to system-level thinking, which has led to different
conclusions. Biomass supply is characterised by numerous alternative value chains from forest to end
product, which means that the impact of forest biomass on net GHG emission savings is context- and
feedstock-specific, due to the fact that many factors vary across regions and time.
4. Discussion
4.1. Student Responses and Justification
Most of the students considered the current energy use of forest biomass to be sustainable.
Many replies stressed that the situation could change if the use of forests is increased from the
present. Student background variables had no effect on the response to the first question, except for
the field of studies, where environmental technology and chemical engineering students were more
sceptical about the energy use of forest biomass. The effect of background variables on the second
question, the justification, was not assessed. Attitudes about the sustainability of forest-based bioenergy
were more positive than in a study of Chinese students who were more sceptical [15]. Moreover,
the schoolchildren appeared to be very critical of bioenergy and especially of the issues related to
bioenergy production from forests [16,17]. In those studies of schoolchildren, gender and residential
(urban–rural) distribution played a role in attitudes, whereas in this study, gender had no effect.
For university students, gender seems to have less of an impact than for schoolchildren. A university
of technology may have more like-minded students than the general population. These earlier studies
emphasised also the need to increase knowledge among students and it would seem that increasing
knowledge is changing attitudes in a more positive direction based on this survey.
The balance of forest use was highlighted in the responses of positive attitude. LUKE’s calculations
on forest growth and use were considered to be reliable sources [28–30]. In many responses, students
used external sources of information to justify their answer. The justification ranged from single
sentences to multi-paragraph responses. Forest laws, certifications and various recommendations and
guidelines were considered to ensure the sustainability of forest use. The preservation of forests as a
sink is a prerequisite for their sustainability [30]. Part of the forest must be outside economic use.
The current use of forests was considered to reduce biodiversity, when most of the forests are
commercially exploited. This is linked to the current level of forest use, which some respondents felt
was too high and therefore unsustainable. Even though the biomass going into energy would come
from side fractions, it does increase the carbon dioxide in the atmosphere after combustion, causing
global warming potential (GWP). The phenomenon called C-debt was mentioned, which is a measure
of the amount of C released from the soil and plant C stocks following the conversion of an area for
bioenergy production. The cascading principle was pointed as a relevant argument for side fractions
for which alternative end uses can be found instead of energy use, such as in the chemical industry.
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4.2. Emphasis of Student Responses to the SFO Concept
Of the five performance areas of SFO-concept, the environment area was most emphasised in the
student’s responses, being either a positive or negative attitude towards sustainability. The keywords
(cf. Table 4) felling balance, overcapacity, C-debt and biodiversity collected and named from the
students’ responses fall into this environment area. These terms can be seen key responses relative
to the SFO concept indicators. The second most emphasised areas were economics and quality
optimisation, where the keywords certification, waste fraction cascading and directive (RED II) can
be included in this area. The people and society area, which includes a wide range of ecological,
political, economic, social and cultural systems and processes that are necessary for people and society,
was very poorly addressed. It may not have been perceived as important in forestry in industrialised
countries compared to developing countries, where the well-being of local communities should be
prioritised. Moreover, the ergonomics area, which focuses on individual aspects of the work conditions
of forest workers, was not addressed by respondents. On the other hand, this topic was not covered
in the bioenergy course, as it relates in detail to forest harvesting operations. This may also be more
relevant to forestry in developing countries, where the mechanisation of logging is at a lower level and
a shortage of training is more obvious. It seems that the more traditional environmental, economic and
social designations of sustainability, will be better suited to the definition of sustainability discussed in
the course with an emphasising on the first two areas.
4.3. Validity and Reliability of the Study
Validity expresses how well the measurement method used in the study measures the characteristic
of the phenomenon being investigated, which is what it is intended to measure. This study was
conducted in the form of multiple-choice questions and justification for the answers was required.
The concept of sustainability in relation to the research question is not necessarily unambiguous
and involves different interpretations that emerged in the justification of the answers. Measuring
sustainability requires previous research data and related studies and calculations. The need to rely on
previous models and calculations is typical when measuring sustainability concepts.
The answers were not graded, and the query was obligatory for distance learners and voluntary
for full time students. Thus, the grading had no effect on the results, which is important for validity.
As a result, the study provided information on the factors on which the sustainability of forest biomass
was chosen. This was in fact a more important result from the study than the proportions of the
alternatives. This study was valid for this university student group at this time and the results cannot
be generalised more widely. This is because the results of these type of studies are time and place
dependent. Extending the survey to a wider population, for example among university students,
would improve validity.
Reliability refers to how reliably and reproducibly a metric is used to measure a desired
phenomenon. If the reliability of measurement is poor, it also results in poor validity. The opposite
may not be true. Query surveys can have many random errors that need to be eliminated beforehand.
In this survey, the respondents were not anonymous, but the answers could be associated with the
respondent and this was known to the participants. In this study, anonymity would not have added
value to the responses, since it would not have changed the answers. Thus, it has no effect on reliability.
It was stressed to the students that all the options are “equally correct” if the answer is justified.
Now the study was conducted twice in the same way in 2018 and 2019, and there was no significant
difference in the results between the different years. This repetition improves reliability.
One possible factor that influences a respondent’s answers is the time it takes to respond, such as a
quick interview or a written response within a certain time. The students had several weeks to answer
the question and justify their answer, so the time had no effect on the answer, and the students could
study the matter in their own time. Questions must relate to the respondent’s field of experience or
motivation in order for the respondent to be able to answer. In this case, “no opinion” responses will
decrease. The students were also well placed to answer the questions because they had studied the
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subject in the course. This makes the group more homogeneous with respect to the lecture material
on the topic. Some students had more experience-based knowledge because they were working and
engaged in distance learning compared to full-time students at university. No significant difference
was found between these groups in the responses. Possibly applying for the same type of technical
education means that the group of students is more homogeneous regardless of the way the study
takes place. Distance students are, on average, older, so age does not change attitudes. The research
question was related to the situation and circumstances in Finland, so one would assume that students
with a foreign background may have different attitudes towards sustainability, but no difference was
found in the answers to this background variable either. The study of similar course material may have
been the reason for this. The respondent must have the motivation to answer the questions, which was
not a problem in this study. The questionnaire was part of the course, so all the distance learners and
most of the full-time students answered the questionnaire.
4.4. Possible Recommendations and Future Research
If it is to be assumed that some of the respondents are not in a position to form an opinion of the
argument, the response options on the Likert scale could be: ‘totally agree, somewhat agree, somewhat
disagree, disagree, no opinion’. This kind of questioning could have added value for a study where
there is justifiable disagreement. It is assumed that responses to the different categories would have
been more evenly distributed than in the current survey, because there are also answers between yes-no
opinions. The field of study influenced the opinion, but the reason remained open. There are more
female students in environmental and chemical engineering, but based on the crosstabulation, gender
had no effect. Further clarifications could be made as to what factors influenced opinion in these fields
of study. Since this group of students already enrolled in this class it shows a level of interest and
possibly bias on the topic relative to the general population.
Finally, examining sustainability in connection with the use of bioenergy will become more
important in the future as the use of bioenergy increases. The targets set for Finland’s use of bioenergy
are a good example of this, as the additional use of renewable energy in traditional energy production
(heat/electricity) and transport will rely heavily on bioenergy over the next decade.
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