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Abstract. In the field of fuels generated from renewable resources, woody biomasses 
have found fertile ground for labelling. Indeed, several certification schemes have been 
developed, covering not only the sustainability of forest management, but also the 
chain of custody, allowing the traceability of products at different stages, from pro-
duction to purchase. This study aims to investigate whether there is a willingness to 
pay for forest products for energy purposes with sustainability or quality certifications 
(FSC, PEFC and ENplus certifications) and what determines it, using pellets as refer-
ence product for the study. To do so, an exploratory analysis has been conducted, first-
ly using Principal Component Analysis (PCA) for a dimensional reduction and, sub-
sequently, an ordered logistic regression. The results show that more than 30% of con-
sumers are mainly willing to pay up to 10% more for PEFC and FSC certified pellets 
than for non-certified products, indicating a strong attention by consumers towards 
environmental issues, the quality certifications that can be adopted for pellets, and the 
attitude of consumers towards local and recycled products.

Keywords:	 pellet, sustainability certification, willingness to pay, quality label.
JEL codes:	 M31.

HIGHLIGHTS

•	 Consumers are willing to pay a premium price for quality or sustainabil-
ity-certified forest biomasses for energy purposes.

•	 Not only does price influence pellet consumers; label knowledge and 
environmentally-friendly habits are also the most significant drivers of 
certified pellets WTP.

•	 The level of knowledge about certification schemes positively influences 
certified pellets WTP.
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1. INTRODUCTION 

In recent decades, the term bioeconomy has been 
used to describe the production and trade of products 
derived from renewable biological resources, such as 
crops and forests (European Commission, 2012). Given 
the growth of the global population and the overcon-
sumption of many resources, together with the ongoing 
climate change (Perone, 2019), the bioeconomy seems to 
be a solution to the scarcity of non-renewable resources, 
such as oil products (European Commission, 2018), and 
the related increase in prices, which in 2022 are reaching 
historical highs. 

The road towards the so-called bioeconomy has been 
paved since the 1970s, when the environment became 
an issue of discussion (Welford, 1995). However, it was 
only in the last decades of the 20th century that the issue 
of sustainable production of renewable biomasses arose 
(Ros et al., 2010). The issue has grown into a social con-
cern and, since then, has shaped the general attitude of 
consumers towards sustainably-crafted products (United 
Nations Environment Programme, 2018). This new atti-
tude has also put pressure on businesses to adopt envi-
ronmentally sound practices (Bradley, 2021); indeed, 
nowadays, consumers increasingly demand that bio-
mass production (ISPRA, 2010) complies with minimum 
standards of social and environmental responsibility 
(European Commission, 2018). For example, in 2020, the 
Italian consumption of certified quality pellets – a bio-
fuel made of compressed untreated sawdust – reached 
1.1 million tonnes out of a total of 3.4 million tonnes of 
national consumption, showing a marked positive trend 
compared to previous years (Associazione Italiana Ener-
gie Agroforestali, 2021). The same concern is expressed 
in many other sectors through an increase in so-called 
ethical consumer purchases, regarding the environmen-
tal and social spheres of products (Blanc et al., 2021). 
Many forms of labelling have consequently been estab-
lished since the late 1990s to inform consumers about 
the link between the product and its origin and pro-
cessing phases (Paluš et al., 2021). Product labelling has 
also been used to identify those products deriving from 
environmentally-friendly productions and chains of cus-
tody (Tikina, Innes, 2008). Indeed, the label is the most 
immediate tool to help consumers compare certified 
products with other non-certified ones of the same cate-
gory, allowing them to express their preferences towards 
more sustainable consumption.

In the field of fuels generated from renewable 
resources, woody biomasses have found fertile ground 
for labelling. Indeed, several certification schemes have 
been developed since the end of the 20th century, cover-

ing not only the sustainability (economic, environmental 
and social) of forest management, but also the so-called 
chain of custody, allowing the traceability of products at 
different stages, from production to purchase.

Among these certification schemes, the most wide-
ly used in the field of forest sustainability are the Forest 
Stewardship Council (FSC) and the Programme for the 
Endorsement of Forest Certification (PEFC). Both apply 
to any forest product (and recently to forest services as 
well), including forest biomasses. FSC is an interna-
tional, independent, non-profit organization established 
in 1993 to promote responsible forest management and 
later introduced in Italy in 2001. This certification cov-
ers 230 million of hectares and also deals with chain 
of custody, allowing consumers to evaluate the path of 
the product (FSC, 2022). PEFC is a voluntary certifica-
tion that covers both the management of the forests and 
the chain of custody. The certification was developed in 
Europe in 1999 to meet the needs of wood producers 
and subsequently introduced in Italy in 2001. Currently 
PEFC certification covers more than 326 million of hec-
tares in the world and 888,494 in Italy (PEFC, 2022).

On the other hand, in the specific field of prod-
uct quality, the ENplus certification establishes tech-
nical specifications such as calorific power, durability 
and dust that allow for better product quality (ISO/IEC 
17065:2012 — Conformity Assessment — Requirements 
for Bodies Certifying Products, Processes and Servic-
es, 2012), being especially dedicated to pellet fuel. This 
certification was established in 2011 and was based on 
international ISO standards but adopting more stringent 
requirements. Currently ENplus certifies more than 13 
million tons of pellets representing the most important 
quality certification for this product (ENplus, 2022).

Given the widespread nature of this type of labels, 
several studies have investigated consumer attitudes 
towards certified product purchase, in particular the 
willingness to pay (WTP) a premium for certified wood 
products (Paletto, Notaro, 2018). It has been shown that 
consumers are willing to pay a price premium ranging 
from 1% to 39% of the base price for a certified product 
(Cai, Aguilar, 2013). In more detail, recent research has 
shown that, while in the past older people with a good 
income were the main purchasers of labelled products, 
in the last few years this trend has been changing and 
the main buyers of eco-labelled products are the young-
er, more environmentally-aware generations (Higgins et 
al., 2020). Another interesting result related to the con-
sumption of forest products is that the base price of a 
product is usually negatively correlated with consumers’ 
WTP, meaning that the buyers are willing to pay a high-
er premium price for cheaper products (Cai, Aguilar, 
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2013). This result ties with Teisl (2003), who found that 
WTP is higher for more frequently-used products, due to 
the belief that frequently-purchased wood products have 
a greater impact on the environment. Finally, knowledge 
of and trust in an eco-label also influence consumers’ 
attitudes and their WTP (Panico et al., 2018), which is 
why companies and policy makers should implement 
targeted information campaigns on ecolabels and envi-
ronmental issues (Panico et al., 2022).

As consumer awareness and propensity to pay a price 
premium for labelled forest products for energy purpos-
es is a relatively unexplored field of research, even when 
considering the different meanings people give to sus-
tainability. This study aims to investigate whether there 
is a willingness to pay for forest products for energy 
purposes with sustainability or quality certifications and 
what determines it, using pellets as a reference product.

The choice of pellets as case study can be related 
to different aspects. Based on the latest specific data 
published on pellet utilization, this product is used by 
more than 4% of Italian families to heat domestic envi-
ronments (ISTAT, 2014) and its consumption stead-
ily increased from 2012 (AIEL, 2020). In particular, by 
considering regional aspects, pellet utilisation seems to 
be more important in Northern Italy, where households 
have twice the consumption of Central Italian house-
holds and four times that of Southern Italian households 
(ISTAT, 2014).

To do so, a multi-section survey was developed 
using Google form and subsequently shared online. Fol-
lowing data collection, an exploratory analysis was con-
ducted, first using Principal Component Analysis and 
subsequently an ordered logistic regression to highlight 
different patterns of consumer perception and behav-
iour of sustainability, and to elicit information about the 
main drivers of consumer WTP.

The objective of the study was pursued by answering 
the following specific research questions:
1.	 How do consumers approach and behave about the 

topic of sustainability? What is their level of knowl-
edge about sustainability and quality labels?

2.	 Are consumers willing to pay a premium price for a 
bag of pellets with a sustainability or quality certifi-
cation?

3.	 What drives consumers’ willingness to pay for this 
labelled forest product? 
The paper is structured as follows: I) the methodol-

ogy section presents how data were collected through an 
online survey and subsequently analysed with the Prin-
cipal Component Analysis (PCA) and the ordered logistic 
regression tools; II) the results section includes the main 
findings about the dimensional reduction with the PCA 

and the main drivers of sustainability or quality labelled 
pellets WTP; III) the discussion section tries to explain 
these main findings, like the lower quota of respondents 
who are willing to pay a premium price for labelled pel-
lets, or the main determinants of WTP emerged from 
the ordered logistic regression, e.g., label knowledge, 
product origin, sustainability perception. age and level of 
education of purchasers; IV) finally, the conclusion sec-
tion includes further research that can be developed and 
possible market and policy implications of the study and 
its main limitations.

2. METHODOLOGY 

2.1. Data collection and questionnaire structure

In order to collect information about consumers’ 
knowledge and opinion on sustainability and their pellet 
purchasing process, a self-compiled questionnaire was 
designed. It consists of three parts: the first one deals 
with consumers’ behaviour and attitudes on sustainabil-
ity and their level of knowledge on the main sustainabil-
ity and quality pellet certifications. The survey was pre-
sented in the online data collection as specific to pellet 
consumers. To avoid response bias, a filter question was 
used where respondents were asked whether they were 
actually users of this product, if so they were redirected 
to the compilation

Starting from the first part, based on what is already 
known in the literature, several questions on the percep-
tion of sustainability were administered, as shown in 
Table 1. In particular, the section about sustainability 
perception focuses on what consumers think about envi-
ronmental sustainability (attitude) and on how consum-
ers act in relation to sustainability issues (behaviour). 
These two items were explored through questions based 
on the literature. No validated attitudinal scales were 
adopted, trying to build different constructs about atti-
tude (Minton, Rose, 1997; Moser, 2016) and behaviour 
(Liobikiene, Juknys, 2016; Paco, Lavrador, 2017).

Regarding the evaluation of consumers’ specific 
knowledge about the main certifications linked to sustain-
ability (PEFC and FSC) and quality (ENplus), a three-item 
construct based on subjective knowledge was designed 
and adapted as indicated by Pieniak et al. (2010). 

The second section focuses on the pellet purchase 
process and consumption, where extrinsic and intrinsic 
characteristics are considered, and on the WTP for sus-
tainability certification or quality-labelled pellet bags. 

The last section deals with the socio-demographic 
aspects of the respondents such as age, gender, educa-
tion, family members and monthly household income.
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All questions included in the questionnaire are 
closed-ended, either binary questions (Yes/No) or five-
point Likert scales, where 1 means “Not important/Nev-
er/Totally disagree” and 5 means “Very important/Very 
often/Totally agree” depending on the specific context.

The questions dealing with the WTP for PEFC, FSC 
or ENplus labelled pellets are structured with five differ-
ent options, starting from a base price of 4.50 €/bag: 0%, 
up to 10%, up to 20%, up to 30% and more than 30% of 
the base price.

The questionnaire, which was written using eas-
ily understandable terminology, was first tested with a 
user panel and then distributed online, using the Google 
Form tool. To reach as many consumers and interested 
people as possible, it was shared through specialised 
forums and social media, during the period between 
2020 and 2021, collecting 254 valid interviews which 
were then coded and recorded in a database. Socio-
demographic characteristics of the Italian consumers 
interviewed are reported in Table 2.

In order to group the observations into different age 
cohorts, the classification proposed by Brosdahl, Car-
penter (2011) was adopted, resulting in the following cat-
egories: Younger generations (between 1982 and 2000, 
also including those few people born after 2001), Gen-
eration X (between 1961-1981) and Older generations 
(between 1925 and 1960, grouping the Baby boomers 
and Silent generation cohorts).

2.2. Principal Component Analysis

The next step in the analysis was the simplifica-
tion of the dataset, in order to reduce the number of 
covariates, through a PCA. This procedure performs a 

dimensional reduction of the data with a slight loss of 
explained variance (Gewers et al., 2021). Moreover, it can 
highlight any latent relationships between the included 
covariates, grouping them into a new set of orthogonal 
variables (Capitello et al., 2016) and making the infor-
mation level more effective.

The 12 original variables included in the analysis are 
those reported in Table 3, which refer to consumer behav-
iour and attitude towards sustainability in a comprehen-
sive view, and to the subjective knowledge of the main 
labels used to assess the sustainability or quality of pellets.

Tab. 1. Constructs used in the questionnaire to explore behaviour, attitude and knowledge about sustainability.

Category Variables Source

Behaviour
Differentiate waste even though it is not mandatory Liobikiene, Juknys, 2016
Use of energy-saving light bulbs Liobikiene, Juknys, 2016
Short distances without a car Paço, Lavrador, 2017

Attitude

Woody and agricultural biomass as a valuable source of energy -
Prefer to buy local products Moser, 2016
Favourable to stop buying from polluting companies Minton, Rose, 1997
Prefer to buy recycled products Minton, Rose, 1997
In favour of paying more taxes to reduce pollution Minton, Rose, 1997
Current environmental measures are adequate Moser, 2016

Knowledge
ENplus level of knowledge

Adapted by Pieniak et al., 2010FSC level of knowledge
PEFC level of knowledge

Tab. 2. Socio-demographic characteristics of the sample (n=254).

Variables Category Frequency 
(n) Percentage

Gender
Male 156 61.42
Female 98 38.58

Age cohort
Younger generations 112 44.10
Generation X 101 39.76
Older generations 41 16.14

Family 
members

1-2 92 36.22
3-4 133 52.36
>4 29 11.42

Educational 
level

Elementary and middle school 35 13.78
High school 126 49.60
University 69 27.17
Higher education 24 9.45

Monthly 
household 
income (€)

Up to 2000 68 26.77
2001-3000 81 31.89
3001-4000 40 15.75
> 4000 19 7.48
No answer 46 18.11
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Only principal components (PCs) with eigenvalues 
greater than 1 were considered for further analyses, as 
factors with a lower value could be considered unreliable 
(Kaiser, 1960; Cliff, 1988). Finally, Varimax rotation was 
implemented to simplify the interpretation of the results 
(Kaiser, 1958; Abdi, Williams, 2010). Thus, results and 
subsequent discussions will refer to rotated factor scores 
with a value greater than |0.400|, which is considered 
appropriate for the sample size of the dataset (Hair et al., 
1998; Pituch, Stevens, 2012).

The last step of the dimensional reduction proce-
dure involves the adequacy and reliability tests. To check 
whether the sample size is adequate, the Kaiser-Meyer-
Olkin (KMO) test was used: results up to 0.600 are con-
sidered reliable (Kaiser, Rice, 1974). Secondly, Bartlett’s 
sphericity test was applied to check whether the correla-
tion matrix is adequate for carrying out factor analysis 
(Dziuban, Shirkey, 1974). 

Finally, Guttman’s lambda test was implemented to 
check the internal consistency of the factors and of the 
overall model (Gliem, Gliem, 2003). Internal consistency 
coefficients below 0.600 are considered inadequate to be 
used in subsequent analyses; therefore, similarly to Giampi-
etri et al. (2016) PCs with similar values will be excluded.

2.3. Ordered logistic regressions

To estimate how the willingness to pay a premium 
price for the bag of pellets with a sustainability or qual-
ity label, was performed through a series of ordered 
logistic regressions, one for each proposed label (FSC, 
PEFC, ENplus), similarly to what has been done in 
recent studies (Capitello et al., 2016; Merlino et al., 2020; 
Giampietri et al., 2021).

The ordered logistic regression implies that the 
observed ordinal dependent variable Y is a function of 
another latent variable, Y*, which is unobserved and 
continuous (Wooldridge, 2012). The values of Y* will be 
compared with the different cut points calculated by the 
model, highlighting the probability that the observation 
falls into one specific ordinal category or another (Wil-
liams, Quiroz, 2020). The ordinal dependent variable 
is the willingness to pay (WTP) a premium price for a 
pellet bag with a sustainability or quality label, with five 
responses ranked (1-5), as reported in section 2.1. 

Only the sign of the coefficients obtained from the 
model estimation can be discussed directly: in order to 
highlight the magnitude of the covariates, odds ratios 
were calculated.

The ordered logistic function, derived from the 
model, is structured as follows (1):

Yi
* = α PC1…ni + λSociodemographicsi + 

   σIntr/Extr_chari + εi� (1)

where Yi
* is the latent variable for the i observations, 

PC1…n are the factors obtained from the PCA deemed 
suitable for the logistic analysis, Sociodemographics 
corresponds to the variables Age cohort, Gender, Fam-
ily members, Education, Monthly household income, 
and Intr/Extr_char are the intrinsic/extrinsic attributes 
of pellets, reported in Table 4, considered by consumers 
during the purchase process. Finally, εi is the stochastic 
error.

The goodness of fit of the three models was esti-
mated through the Pseudo R2 value, whereas the propor-
tional odds assumption of the ordered logistic regression 
was tested through the likelihood-ratio test (Mehmetog-
lu, Jakobsen, 2017; Giampietri et al., 2021).

Tab. 3. Variables included in the Principal Component Analysis (n=254).

Category Variables Mean St. dev.

Behaviour
Differentiate waste even though it is not mandatory 4.44 0.95
Use of energy-saving light bulbs 4.38 0.85
Short car-free distances 3.99 1.17

Attitude

Woody and agricultural biomass as a valuable source of energy 4.28 1.01
Prefer to buy local products 3.94 0.98
Favourable to stop buying from polluting companies 3.73 1.17
Prefer to buy recycled products 3.35 1.12
In favour of paying more taxes to reduce pollution 3.13 1.33
Current environmental measures are adequate 1.86 1.03

Knowledge
ENplus level of knowledge 2.85 1.57
FSC level of knowledge 2.63 1.41
PEFC level of knowledge 2.31 1.33
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All the analyses were performed using STATA 17.0-
SE (StataCorp, 2021) statistical software.

3. RESULTS 

The descriptive analysis of WTP a premium price 
for certified pellets by consumers in Table 5 allows some 
preliminary considerations to be made. First of all, it is 
evident that most of the respondents are not willing to 
pay an additional premium for sustainability certifica-
tions compared to ENplus certification. Furthermore, 
more than 30% of consumers are mainly willing to pay 
up to 10% more for PEFC and FSC certified pellets than 
for non-certified products. ENplus, compared to sustain-
ability certifications, has fewer consumers willing to pay 
up to 10% or not willing to pay, in favour of the classes 
with higher WTP. From these descriptive considerations, 
it can be deduced that quality certification is slightly 
more appreciated by consumers.

3.1. Principal Component Analysis

With the adoption of the PCA, a dimension reduc-
tion was obtained starting from the original twelve 
regressors (Table 3) and obtaining a four PCs model, 
whose characteristics are presented in Table 6. The prin-
cipal components, as indicated in the methodology ear-
lier, represent a new set of variables obtained by saving 

most of the variance carried by the original variables; in 
particular, the model explains 58% of the total variance. 
The adequacy was met on the basis of the significance of 
Bartlett’s test and value of the KMO test higher than 0.6. 
However, to select suitable components for the regres-
sion analysis, a second step was conducted to check the 
consistency of the grouped variables, using Guttman’s 
lambda test. This analysis indicates that three compo-
nents were sufficiently reliable (PC1; PC2; PC3), while 
the fourth was excluded at this stage. Table 6 shows, in 
addition to the PCs, the results of the model adequacy 
and reliability tests as well as Guttman’s lambda for 
internal factor consistency.

The first PC explains 19.2% of the total variance and 
groups together many variables related to the approach 
to sustainability, indicating a strong attention of con-
sumers towards environment issues. This consideration 
stems from the combination of the factor loading of the 
variables; in fact, from the coefficients, a positive cor-
relation can be observed between the differentiation of 
waste, even if not mandatory; the preference for walking 
rather than using a car for short distances, the purchase 
of recycled products, the propensity to pay more environ-
mental taxes, the attitude toward biomasses and to avoid 
products from polluting companies. This combination 
suggests that consumers may associate multiple aspects 
that contribute to environmental sustainability. Indeed, 
for the respondents such aspects can be combined in a 
new factorial dimension. They recognise a certain com-
plexity in the sustainability issue that can be addressed 
on the basis of several combined actions, such as waste 
separation and environmental taxes. Based on these con-
siderations and on the number of variables correlated, 
the PC can be related to broad attention to the main 
aspects of sustainability, the name Holistic approach to 
sustainability was chosen for this component.

The second dimension accounts for 16.4% of the vari-
ance derived by the original covariates. This PC collected 
the variables related to knowledge of the certification 
schemes, in particular, the self-reported knowledge of FSC, 
PEFC and ENplus certifications. As expected, the positive 
coefficients of the original variables indicated a certain 
degree of correlation between consumer knowledge of sus-
tainable and quality certifications that can be adopted for 
pellets by providing a strong factorial dimension includ-
ing just the variables related to consumer knowledge. The 
relationship described by the component suggests that 
there is some degree of association between the certifica-
tions, indicating that informed consumers are likely to be 
familiar with more than one certification scheme. Further-
more, the association between PEFC and FSC is stronger 
compared to ENplus, probably because these certifications 

Tab. 4. Attributes included in the ordered logistic regression 
(n=254).

Variables Mean St. dev.

Price 4.13 1.05
Wood species 3.51 1.55
Absence of Residue 3.13 1.28
Local origin 2.68 1.42
Label 2.37 1.42

Tab. 5. Frequency distribution of Consumers’ willingness to pay for 
certified pellets.

  PEFC FSC ENplus

0% 48.8 45.7 41.3
up to 10% 31.9 35.0 29.5
up to 20% 15.0 14.2 21.7
up to 30% 3.5 4.3 5.5
more than 30% 0.8 0.8 2.0
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are both related to sustainability aspects and in the mind 
of consumers a certain degree of overlapping of confu-
sion between them may occur. Concerning the ENplus 
that deals mainly with quality aspects, the relation found 
with the other variables related to FSC and PEFC indicate 
that correlation exists between quality and sustainability 
aspects. For these reasons the PC was named Subjective 
knowledge of sustainability and quality labels.

The last PC considered reliable − on the basis of the 
internal consistency test − explains a total of 12.8% of 
the variance. It contains the variables related to sustain-
able energy use (using energy-saving light bulbs) and to 
the purchase of sustainable products, due to the attitude 
toward local and recycled products. Factor loadings indi-
cate a positive relationship among these elements, sug-
gesting that the use of sustainable energy and the atti-
tude towards local and recycled products are tied, prob-
ably because the latter are also related to saving energy 
and resources, with positive impacts on environmental 
sustainability. In fact, this PC is mainly related to the 
purchasing intention of sustainable products and the 
avoiding of energy waste. Considering these aspects, this 
component was named Sustainability linked to purchas-
ing and consumption habits.

3.2. Ordered logistic regressions

As indicated in the methodology, three different 
ordered logistic regressions were performed to highlight 

which drivers affect the WTP an additional premium 
price for certified pellets and whether there are differ-
ences between the models, as shown in Table 7.

Starting with the PCs used as covariates, Holis-
tic approach to sustainability and Subjective knowledge 
of sustainability and quality labels were significant in 
each regression. The component Sustainability linked 
to purchasing and consumption habits was only signifi-
cant when describing WTP for PEFC certified products. 
These results suggest that both knowledge of certifica-
tions and environmental concern are important in plac-
ing a higher value on products bearing sustainable or 
quality certifications, particularly for PEFC certifica-
tions, since the PCs related to environmental attitude 
were both significant only in this regression.

Moving on to socio-demographic predictors, the 
age cohort was negatively related to the additional 
premium price for PEFC, FSC and ENplus, suggesting 
that older people are less interested in these certifica-
tions. The odds ratio quantified this attitude in terms 
of probability ratio, indicating that older people are 
0.662 times less willing to pay for PEFC, 0.668 for FSC 
and 0.722 for ENplus. Gender was positive and signifi-
cant in PEFC and FSC models, indicating that women 
are more interested in such certifications and willing 
to pay more for them, respectively 1.935 time more and 
1.859 times more. Education level is positively relat-
ed with FSC certification, with more educated people 
being 1.479 times more willing to pay a premium price 
for pellet-bearing FSC.

Tab. 6. Results of the Principal Component Analysis.

Variables PC 1 PC 2 PC 3 PC 4

Differentiate waste even though it is not mandatory 0.547
Short distances without a car 0.472
Use of energy-saving light bulbs 0.867
Prefer to buy local products 0.559
Prefer to buy recycled products 0.536 0.426
In favour of paying more taxes to reduce pollution 0.743
Woody and agricultural biomass as a valuable source of energy 0.453 0.493
Favourable to stop buying from polluting companies 0.721
Current environmental measures are adequate 0.721
PEFC level of knowledge 0.907
FSC level of knowledge 0.858
ENplus level of knowledge 0.513 0.477

Bartlett’s test of sphericity Chi-square = 614.225 Df = 66 Sig = 0.000
KMO’s test 0.685
Guttman’s lambda (PCs) 0.709 0.680 0.603 0.201
Guttman’s lambda (Overall model) 0.717

* Only factor loadings > |0.400| were considered for the analysis.
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Turning to pellet attributes, price was significant 
in PEFC and ENplus models, suggesting that people 
who place more importance on price are less willing 
to pay for these certifications. Another insight related 
to this outcome suggests that PEFC and ENplus buyers 
are more price sensitive than people interested in FSC. 
Finally, the role of local origin was only significant for 
sustainability certifications schemes. This result sug-
gests a relationship between these certifications and the 
importance attached to the origin of timber, indicating 
that the role of PEFC and FCS is at least partially recog-
nised by consumers.

4. DISCUSSION

Woody biomass has been recognised as an impor-
tant element in combating the climate crisis and pro-
moting renewable energy, since − in addition to being 
the main source of bioenergy in the EU (Šupín et al., 
2019) − its emissions appear to be climate neutral (Luick 
et al., 2022). Among the woody biomass products, pel-
lets have gained strong interest in the global market, 

becoming one of the best-selling products, as reported 
by Nuramin et al. (2020). 

Given the increasing volume of pellet imports from 
non-EU countries, such as the United States (Fingerman 
et al., 2019), and the high exploitation of forests to meet 
the high market demand (Luick et al., 2022), the impor-
tance of introducing eco-labels that guarantee the qual-
ity, origin and sustainability of the product seems evi-
dent.

Based on these considerations, this study tried to 
investigate the demand side, the WTP a premium price, 
and the factors that motivate a consumer to buy a bag of 
certified pellets.

Three key findings emerged in the light of our anal-
ysis:
1.	 concerning the perception of sustainability by pellet 

consumers, three clear components emerge. A first 
component based more on attitudes and defined as a 
Holistic approach to sustainability in which a strong 
focus on environmental issues, their complexity and 
actions to face them emerges. In the literature, sev-
eral authors state that environmentally-conscious 
consumers are positively inclined to buy green prod-

Tab. 7. Ordered logistic regression results (n=254).

Covariates
PEFC FSC ENplus

Coef. Odds ratio Coef. Odds ratio Coef. Odds ratio

PC 1 0.529 1.697 *** 0.531 1.701 *** 0.459 1.582 ***
PC 2 0.559 1.749 *** 0.550 1.734 *** 0.286 1.332 **
PC 3 0.264 1.302 * 0.222 1.248 0.156 1.168
Age cohort -0.413 0.662 ** -0.403 0.668 ** -0.326 0.722 *
Gender 0.660 1.935 ** 0.620 1.859 ** 0.366 1.442
Family members 0.001 1.001 0.037 1.038 -0.065 0.937
Education level 0.226 1.254 0.391 1.479 * 0.199 1.220
Monthly household 
income 0.021 1.021 -0.020 0.98 0.198 1.219 *

Wood species 0.055 1.057 0.028 1.029 -0.038 0.963
Price -0.216 0.806 * -0.120 0.887 -0.206 0.814 *
Local origin 0.175 1.191 * 0.203 1.225 ** -0.074 0.920
Label -0.019 0.981 -0.049 0.952 0.125 1.133
Absence of residue 0.040 1.040 0.067 1.069 0.152 1.164
/cut 1 -0.022 0.514 -0.365
/cut 2 1.798 2.508 1.093
/cut 3 3.583 4.120 2.866
/cut 4 5.356 6.083 4.302

Log-pseudolikelihood -257.491 -260.652 -301.248
Chi-square 62.13 64.75 52.17
prob. Chi-square 0.000 0.000 0.000
Pseudo R2 0.123 0.128 0.083

p-value levels of significance * < 0.1; ** < 0.05; *** < 0.01.
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ucts (Chaudhary, Bisai, 2018; Carfora et al., 2019; 
Rahman et al., 2020). A second component linked 
to knowledge of the certification schemes adopted 
in this study and named Subjective knowledge of 
sustainability and quality labels was highlighted. In 
a study by Tan et al. (2019) on Chinese consumers’ 
preferences in purchasing certified wood flooring, 
the importance of knowledge of eco-labels was rec-
ognised. Finally, a last component called Sustain-
ability linked to purchasing and consumption habits 
in which sustainable behaviours emerge, such as the 
purchase of recycled, local and sustainable products 
and a responsible and sparing use of energy was 
identified. 

2.	 Almost half of the consumers are not willing to pay 
a premium price for the three certifications ana-
lysed. About 30% would be willing to pay 10% more 
than the base price and only a small fraction would 
be willing to pay more than 20%, more for quality 
certification than for sustainability. Although the 
WTP varies depending on the products studied and 
the location under analysis (Wan et al., 2018), the 
obtained WTP ranges for certified pellets remains 
consistent with those reported in the meta-analysis 
of Cai, Aguilar (2013) for certified forest products, 
that is between 1 and 39%. This result, which is in 
contrast to the statement made by Vásquez Lavin et 
al. (2020) on the low possibility of paying a premi-
um price for certified forest products, is also in line 
with the findings of García et al. (2021) for firewood, 
suggesting that it is forest products intended for 
energy use that are susceptible to a premium price.

3.	 The factors leading consumers to pay a premium 
price for a bag of certified pellets are multiple and 
are to be found in some components of the percep-
tion of sustainability, such as attention to environ-
mental issues and knowledge of labels. Notaro, Pal-
etto (2021) in a study conducted on the WTP, atti-
tudes and preferences of Italian consumers towards 
wood fibre bio-textile report that environmental 
issues are among the main drivers of green pur-
chasing behaviour. Concerning label knowledge, 
Panico et al. (2022) in a study conducted on the 
purchasing behaviour of Italian consumers for cer-
tified forest products, state that certification has a 
positive effect on the WTP, while they had no sig-
nificant results concerning the factors “trust” and 
“environmental attitude” of consumers. Other fac-
tors that lead consumers to pay a premium price for 
certified pellets are found in the sociodemographic 
domain. Our results partly support what Higgins et 
al. (2020) stated about sociodemographic predictors 

of WTP for eco-labelled forest products. Indeed, age, 
particularly youth, and level of education are key 
predictors. Indeed, age, in particular the younger 
generation, and level of education are strong pre-
dictors of consumer behaviour since they were sig-
nificant in all models. Gender is a good predictor 
of behaviour only for sustainability certifications 
while income was not significant in the models. In 
the literature, however, Zhang, Dong (2020) report 
that women are more likely to make green purchases 
and several authors of studies on the use of alterna-
tive energy sources for households have emphasised 
the importance of income as a key variable for WTP 
(Streimikiene et al., 2019; García et al., 2021; Nduka, 
2021). Finally, pellet attributes such as local origin 
for sustainability certifications and price for PEFC 
and ENPlus certifications are also important fac-
tors for the WTP of certified pellets. Specifically, our 
results show a negative relationship between price 
and WTP, in fact the lower the price, the higher the 
propensity to purchase the certified product, thus 
agreeing with a study by Luo et al. (2018) on Chi-
nese and Japanese consumers’ willingness to pay for 
modern wood structures, according to which the 
base price of the product influences the consumer’s 
WTP. This result can probably be attributed to the 
fact that pellets are a non-durable good.

5. CONCLUSIONS 

5.1. Main findings

The objective of this study was to explore if, and 
how, consumers attach importance to different sustain-
ability and quality labels about woody biomasses for 
energy purposes, and whether this importance translates 
into a willingness to pay for such attributes. To do so, 
three research questions were proposed, focusing on the 
pellets market.

Concerning the first one, the results highlighted a 
certain propensity of consumers towards an ecologi-
cal behaviour and attitude, considering both their daily 
actions and their opinion on energy consumption and 
pollution. Despite their positive leanings, consumers also 
declared a relatively average level of knowledge on the 
sustainability and quality certifications of forest prod-
ucts proposed in the study (PEFC, FSC and ENplus), 
suggesting that they do not distinguish the labels and 
their meanings well.

Focusing on the second research question, the 
majority of respondents are not willing to pay a pre-
mium price for a bag of sustainable or quality labelled 
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pellets. Among those who are in favour of paying more 
for a certified product, it seems that both sustainabil-
ity labels behave similarly, again confirming the scarce 
differentiation between PEFC and FSC by consumers; 
moreover, the quality scheme received a higher WTP 
than the others, considering the increasing importance 
given by buyers to quality standards.

After confirming the presence of a quota of consum-
ers willing to pay a premium price, the third research 
question tried to explore the main drivers of this answer. 
What emerges is that label knowledge and approach to 
sustainability positively influence the propensity to pay a 
premium price, particularly in the case of PEFC. Turn-
ing to socio-demographics data, age cohort, and gen-
der were the most relevant, followed by education level 
and monthly household income (significant for only 
one label respectively). Finally, considering the charac-
teristics of the product, only price and local origin were 
found to play a role in WTP.

5.2. Limitations and future research

The main limitation of the study is linked to the 
national dimension of the survey: although the sample 
is adequate for the analysis conducted and is also rep-
resentative of the Italian situation, it does not reflect the 
international scene, due to the difficulty of comparing 
different markets and consumers. In this direction, fur-
ther research could increase the scientific reliability of 
this analysis, by adopting an international scale in the 
survey of woody biomass purchasers.

The second issue that can be improved regards the 
method of investigation of the willingness to pay. In fact, 
the present research performed a deeper analysis on the 
drivers of WTP, and further studies on the premium 
prices that purchasers give to certified forest biomasses 
like pellets are needed. In this way other econometric 
tools like choice models or experimental auctions could 
be implemented on the certified pellets market. 

Moreover, the issue related to the evaluation of sus-
tainability and environmental friendliness has been 
explored by adopting different literature sources: fur-
ther research could implement validated psychometric 
scales, obtaining a more reliable estimation of consumer 
attitudes. In fact, the adoption of constructs or attitudi-
nal scales already validated in the literature and imple-
mented with a confirmatory factor analysis could enrich 
further in-depth studies, better highlighting the role of 
consumer’s behaviour, attitude, and knowledge spheres 
on forest biomasses’ WTP. Likewise, Principal Compo-
nent Analysis is not supported by a structured model 
including latent constructs, as in the case of Exploratory 

or Confirmatory Factor Analysis, making the interpreta-
tion of the components more difficult. In this direction, 
the methodology approach itself could be improved, e.g., 
by the adoption of the Partial Least Squares Structural 
Equation Modelling (PLS-SEM) technique, to better 
explore complex structural models with more detailed 
cause-effect relationships. 

Finally, among the further developments of this 
exploratory study, there is also the link between safety 
of pellet stoves emissions and quality certifications of the 
product. An in-depth exploration of consumers’ aware-
ness of health risks of emissions and the quality of forest 
biomasses could provide a more comprehensive scenario 
about forest biomasses market dynamics and require-
ments.

5.3. Market and policy implications

This is one of the first times that the drivers of will-
ingness to pay for certified forest biomasses for energy 
purposes are assessed through an econometric model.

The market implications could be relevant given that 
almost 40% of people are not willing to pay an addition-
al premium for certifications, companies could invest in 
consumer awareness and knowledge of the environmen-
tal implications of PEFC, FSC and ENplus. This is par-
ticularly interesting in the case of quality labels, since 
consumers seem to be more sensitive to product quality 
and safety standards. The adoption of private certifica-
tions could meet people’s requirements for quality and, 
at the same time, could increase the company’s econom-
ic margins.

The study also highlighted that there is not enough 
differentiation between the different meanings of the 
certifications. Policy makers can act in this direction by 
promoting the adoption of and knowledge on sustain-
able and quality certification schemes, enhancing peo-
ple’s environmental awareness and helping forestry and 
energy companies that are adopting private labels on 
the final product or that are certifying their production 
chain. From the long-term perspective, this awareness-
rising action could also promote the adoption of sustain-
able production criteria at an international level, with 
positive environmental and economic repercussions on a 
larger scale. Finally, the question of the large-scale use of 
pellets and their origin acquires even greater relevance 
in this historic moment of energy crisis and the consid-
erable increase in heating costs. The price on the market, 
which has reached peaks of 10 €/bag during the second 
half of 2002, is an indication of the greater prominence 
that this forest biomass is acquiring as a substitute for 
gas heating, but it could lead to less control, and there-
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fore less sustainability of the supply chain and safety 
standards, of the material marketed, with possible reper-
cussions for consumers in both economic and health 
terms.
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