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Such biocomposites not only lead to greener, but also much 
healthier goods and may increase quality (Roig 2018). If 
they contain enough plant fibers, products from them even 
become carbon neutral over their life cycle, even if they are 
incinerated at the end (Martins et al. 2017). Expectations for 
these novel biobased materials are high, as they represent a 
welcome alternative to conventional applications in indus-
try (Scherer et al. 2018).

One representative of natural fiber-reinforced plastics is 
Wood-Plastic Composites (WPC). They consist of up to 80 
vol.-% wood fibers in thermoplastics (Carus et al. 2016). 
The annual global production of WPC is expected to reach 
8 million tons by 2022 (Statista 2022a, b). The main appli-
cations are in furniture, automotive, everyday products 
and construction applications such as decking or cladding 
(Carus and Partanen 2018). The great sustainability poten-
tial of WPC also lies in the fact that the bio-fibers can origi-
nate as a waste product from the agricultural, forestry and 
wood-processing industries (Osburg et al. 2016). Never-
theless, the literature warns against too high expectations, 
because applications must fulfill a wide range of require-
ments and legal criteria (Franzoni 2011). For example, 

1 Introduction

The global production volume of petrochemical plastics 
reaches 400 million tons (Statista 2022a, b). As a result, 
oil reservoirs are irreversibly exploited and CO2 is emitted 
(Scherer et al. 2018). The consequences are global warm-
ing, acidification, and often energy waste (Steenis et al. 
2017). In the discussion of abatement efforts, according to 
a study by Magnier and Schoormans (Magnier and Schoo-
rmans 2015), 96% of Europeans believe industrial compa-
nies have a duty to act now. Besides avoidance, Khoshnava 
et al. (Khoshnava et al. 2018) consider resource efficiency 
to be the second most important measure, which includes 
the use of renewable resources. Biomass can be embed-
ded in petrochemical plastics, making them more sustain-
able and saving oil resources (van den Oever et al. 2017). 
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such composites are subject to particularly high durability 
constraints in construction applications (Roig 2018). To 
counteract the disadvantage of hydrophilic wood fibers, the 
remaining plastic matrix must then be better than before 
(Ratanawilai and Taneerat 2018). Biobased plastic com-
posites thus have limitations, which makes industry experts 
skeptical and uncertain in selecting such alternatives for 
their products (Brockhaus et al. 2016). Qi et al. (Qi et al. 
2010) made an early point that openness to such materials 
will grow once the pressure on industry to use more sustain-
able alternatives increases. But whether biobased plastics 
can be developed into new products, simply because they 
are sustainable, is also a cost issue (Brockhaus et al. 2016). 
The variable costs could increase if the material is weaker 
and more of it has to be used in the products to compensate, 
and the fixed costs also rise if the production machines have 
to be adapted to the biomaterial (Markström et al. 2018). 
In order to balance cost increases through higher prices, 
sustainability must represent an additional benefit for the 
industry and consumers while maintaining the same level 
of performance.

The transformation of previous plastic-intensive prod-
ucts into Wood-Plastic Composites is thus an optimiza-
tion task between the best achievable material properties, 
the lowest possible cost and the greatest willingness to 
buy in the market. How the application potential of WPC 
as a plastic substitute is analyzed in such a holistic way is 
reported in the literature as compolytics research approach 
(Friedrich 2023). As an acronym for composite polymer 
and policy analytics, compolytics studies derive guide-
lines for the transformation of plastics by WPC for various 
industries. Under this philosophy, the potential of WPC is 
assessed from an expert’s point of view under technical 
performance aspects and under ecological, and at the same 
time, under economics criteria. Such an approach then fol-
lows the Triple Bottom Line (TBL) Principle according to 
Elkington (Henriques and Richardson 2004). Therefore, the 
aim of this study is to find out how industries evaluate the 
sustainability aspect from wood fiber relative to material 
performance. Specifically, the following research questions 
(RQ) are to be clarified, (RQ1) whether industries are differ-
ently in favor of WPC-use in their business, (RQ2) whether 
and how the previous role of plastic in their own business 
influences the consent to WPC in principle, (RQ3) whether 
cost efficiency or performance would rather be sacrificed for 
the sake of sustainability, (RQ4) how high the wood fiber 
content would be chosen in order to still trust the material 
sufficiently, and (RQ5) on which company-specific and 
latent factors it depends, whether the change from purely 
petrochemical to biobased may rather be at the expense of 
color stability or moisture resistance, and what the highest 
biobasedness is then.

Findings initially have practical relevance, as they inform 
the WPC and plastics industry about which material proper-
ties become relevant for decision-making and whether max-
imally provided sustainability is trusted at all. For further 
research, the study uncovers potential for addressing which 
specific performance parameters need to be further devel-
oped to increase industry trust and whether future research 
should focus more on their needs. The paper is organized as 
follows: Sect. 2 derives from the literature relevant material 
attributes that are most likely to influence the experts’ deci-
sion and should therefore be considered in the study design. 
Section 3 presents the method of data generation and analy-
sis. Section 4 presents the results of the expert survey and 
discusses them in the light of the literature, and the last sec-
tion draws a conclusion, addresses the limitations and rec-
ommends further research.

2 Theoretical Framework and Hypotheses

In Lancaster’s (Lancaster 1966) decision model, it is not the 
products themselves that influence the choice, but the bun-
dle of utilities from the product. According to this model, 
products of the same kind achieve different prices in the 
market because they are equipped with varying properties in 
which decision-makers see diverse partial utilities (Klaiman 
et al. 2016). The Theory of Planned Behavior (TPB) accord-
ing to Ajzen (Ajzen 1991) tries to explain why consumers 
and industry experts nevertheless react heterogeneously 
to products with the same characteristics. Obviously, the 
choice depends on the personal attitude toward the object, 
according to which WPC with a high wood content could 
evoke positive reactions, especially among environmentally 
conscious people. However, particularly companies must 
take their business environment into account. Such norma-
tive restrictions could lead to the rejection of WPCs, for 
example, if the performance is assessed as poorer despite 
sustainability, and the selection thus represents an opera-
tional risk. In the following, such hazard factors for WPCs 
are derived from the literature, and it is discussed how they 
could influence decision behavior in this expert survey.

2.1 How Sustainable is WPC?

Even if a material in products can be purely biobased, 
the CO2-balance does not necessarily have to be positive. 
Accorsi et al. (Accorsi et al. 2014) illustrate this for pack-
aging material, and cardboard then releases up to 1.18 kg 
CO2eq, wood to 0.43 kg, but plastic is leading with 3.4 kg. 
Thus, WPC can help to make plastic products at least some-
what more climate neutral by adding wood fibers. The car-
bon footprint is then between pure wood and plastic (Teuber 
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et al. 2016). Roos et al. (Roos et al. 2014) also see the CO2 
aspect of wood-based products as an opportunity to delib-
erately push environmentally harmful products out of the 
market while maintaining the same technical performance. 
Sijtsema et al. (Sijtsema et al. 2016) therefore refer to bio-
basedness as an additional benefit, which increases the 
utility bundle according to Lancaster’s theory (Lancaster 
1966), or for the same total utility, another product charac-
teristic may decrease in return, e.g., products become more 
expensive.

2.2 What are the Costs of WPC?

Khoshnava et al. (Khoshnava et al. 2018) attribute a cru-
cial role to the cost aspect in the product selection process. 
Regarding WPC ingredients, van den Oever et al. (van den 
Oever et al. 2017) asses the price of polyethylene plastic 
with 1.35 €/kg. For Keskisaari and Kärki (Keskisaari and 
Kärki 2018), wood fibers cost up to 0.40 €/kg, and Eder and 
Carus (Eder and Carus 2013) then arrive at 1.0 to 4.0 €/
kg for produced WPC compound. Blending plastics with 
wood fibers not only conserves oil resources and the envi-
ronment, but potentially also lowers material costs. But fix-
costs increase for the time being, because investments in 
production factors are necessary. If the output volumes of 
WPC grow, the unit fixed costs decrease significantly, which 
can make WPC a cost-neutral alternative to conventional 
petro-plastics. Thus, products made in a WPC-variant will 
certainly be seen under strongly to moderately increasing 
costs in the short term, and even under the same costs in the 
long run. Friedrich (Friedrich 2020a, b) tested various pack-
aging materials, including WPC, with consumers, and was 
able to derive significantly higher willingness-to-pay, both 
for everyday and shopping goods. At the same time, the 
author derived from another expert study that medium-sized 
companies in particular would only partially pass on addi-
tional costs to consumers (Friedrich 2020a, b). Higher costs 
therefore do not necessarily hold market players back. The 
taxation of conventional plastics in the European Union will 
also encourage companies with little environmental concern 
to consider WPC as a substitution technology just for cost 
reasons. Therefore, the question of the highest achievable 
wood content is all the more important for the industry.

2.3 How Well Performs WPC?

In order for deciders to opt for a new material, such as WPC, 
they need to be able to objectively assess its performance, 
also for business risk minimization. For Kuzman et al. (Kuz-
man et al. 2018), the provision of information to the industry 
is therefore crucial, especially for novel wood-based prod-
ucts. In this context, Franzoni (Franzoni 2011) mentions 

mechanical properties as the main criterion. For WPC, 
Soccalingame et al. (Soccalingame et al. 2015) detected a 
20% growth in ultimate load after adding 30% wood fibers 
compared to pure polypropylene, which Sommerhuber et al. 
(Sommerhuber et al. 2017) also derived when using recy-
cled plastic. Seldén et al. (Seldén et al. 2004) came up with 
only 8.5% rise under 50% wood content, suggesting that 
fiber addition for load increase is not endless. Nevertheless, 
even from a strength-related point of view, wood incorpora-
tion would initially maximize product utility.

However, Brockhaus et al. (Brockhaus et al. 2016) are 
more critical about the durability of biobased plastic com-
posites, because wood fibers absorb moisture from the envi-
ronment. Friedrich (Friedrich 2019) actually demonstrated 
30% higher water absorption for WPC under 70% fiber con-
tent than with 50% share. Tamrakar and Lopez-Anido (Tam-
rakar and Lopez-Anido 2011) found that water absorption 
actually accelerates with higher temperatures. Even though 
the main applications of WPC are in decking and cladding 
panels, withstanding rough weather conditions, the range of 
applications seems to be limited.

Research on WPC material properties investigates not 
only mechanical characteristics, but also durability which 
becomes quantifiable by measuring color change behav-
ior. Badji et al. (Badji et al. 2017) demonstrated significant 
bleaching effects from UV irradiation for WPC with 30% 
wood fibers, and Peng et al. (Peng et al. 2014) also reported 
an increase in surface roughness after artificial weathering 
of samples. The effect of fading is largely due to the deg-
radation of lignin in the wood (Beg and Pickering 2008). 
Again, this may limit WPC applications, particularly where 
their aesthetics are intended to provide an additional benefit, 
e.g. in long-lasting prestige shopping goods. The literature 
also reports changes in other WPC characteristics, such as 
polymer-related thermal elongation or creeping under per-
manent load. However, the present study is concerned with 
possible utility reductions due to the change from pure plas-
tic to WPC as a substitute material, which is why moisture 
resistance and color stability can be considered to be maxi-
mally disadvantageous due to the wood fiber. Therefore, in 
addition to cost and sustainability, these should be two fur-
ther critical variables in an expert survey.

2.4 What Influences Decisions toward WPC?

Previous findings from the literature suggest that depend-
ing on the industry and normative business environment, 
the same utility bundle of sustainability, cost, color stabil-
ity, and moisture resistance might be viewed differently for 
WPC products in one’s own business segment. Reinders 
et al. (Reinders et al. 2017) revealed that product brands, 
that are only partially biobased, can actually underperform 

1 3

Page 3 of 15 4



Polytechnica (2024) 7:4

Figure 1 illustrates the study design. It follows the Lan-
caster Theory (Lancaster 1966) derived from the literature 
that WPC products offer a bundle of partial utilities that 
can be described according to manifest variables as shown 
in Table 1. How high the utility is estimated for sustain-
able products can be determined according to the Theory 
of Planned Behavior (Liobikienė et al. 2016). In addition to 
costs, marketing also plays a role for companies (Lettner et 
al. 2017). Usually, then, for consumers, personality traits are 
the deciding factor for purchase (Vecchio and Annunziata 
2015). For industrial experts, on the other hand, it is more 
the organizational and latent business-relevant variables 
that are crucial (Qi et al. 2010). Assuming that, as already 
described, the utility from material performance and cost 
efficiency are increasingly estimated to be lower under 
wood fiber addition, but could be compensated by more 
benefits from sustainability, the total utility would remain 
constant up to a certain degree of biobasedness. The cen-
tral study question is then at which wood fiber content the 
compensation effect is no longer effective and whether this 
depends on the sampled variables.

purely non-biobased products. Onwezen et al. (Onwezen et 
al. 2017) even argue that any slight negative aspects found 
in products can disproportionately weaken the major posi-
tive ones. This could also apply to the remaining plastic 
content in WPC, or a decrease in performance must be out-
weighed by many times greater increases in sustainability. 
Markström et al. (Markström et al. 2018) assume that a lack 
of knowledge and experience can also lead to rejection. 
Finally, Friedrich (Friedrich 2021a, b, c, d) demonstrated 
for WPC as a building product, that construction experts 
and private homeowners made their decision against WPC 
façade elements for different reasons. For the former, Qi et 
al. (Qi et al. 2010) saw the company size as an influencing 
factor. Thus, in addition to the material criteria already men-
tioned, organizational variables should also be taken into 
account in an expert study. These include the company size 
and the business focus, i.e. whether services or goods pro-
duction is in the foreground. Latent variables could include 
previous experience with biobased plastics, the proportion 
of plastics in the company’s own business and the estimated 
importance of plastics for business success. Table 1 summa-
rizes the test variables derived from the literature.

Table 1 Test variables in the study design
Manifest Variables
Wood Content [Vol.-%] Costs same

0% increase
20% intensive
40% Moisture Resistance hydrophobic
60% hydrophilic
80% Colour Stability resistant

bleaching
Organisation-relevant Variables Latent Variables
Branch Technics….Tourism WPC Experience low….high
Company Size 1….>250 Plastics in Use 0%….> 50%
Business Focus Service…Production Importance Plastic low….high

Fig. 1 Overview of hypotheses to demonstrate effects on expert attitudes toward WPC as a plastic-substitution technology
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consent to participate was expressed by their willingness to 
volunteer information. The survey only gathers feedback on 
the operational status quo and bears no ethically relevant 
psychoanalytical aspects. The front of the questionnaire (see 
Supplement) contained general information about WPC, 
and the students were also taught essential material speci-
fications in order to answer questions. This was intended 
to sensitize the experts to the main question of whether 
plastic-intensive products could be replaced by this mate-
rial in their companies. On the back followed the 16 choice 
containers and finally the inquiry of the corporate and latent 
data. The questionnaire was previously tested in the “Mar-
keting” lecture. A high reliability of the study design could 
be estimated in advance, as exactly this design was already 
applied under the compolytics-approach in four previous 
consumer and expert surveys for similar research questions 
on biobased plastics (Friedrich 2021a; b; c; 2022a). On the 
basis of the primary data obtained in this way, the research 
questions (RQ1) to (RQ5), described at the introduction, 
can be answered.

3.2 Data Analytics and Clarifying RQs

3.2.1 Representativeness and Robustness

The questionnaire attempts to find out which partial utili-
ties from plastic-based products, namely cost efficiency, 
moisture and color stability, industry experts would give up 
for the benefit of higher sustainability in the form of wood 
fiber content. Of interest here is the percentage of wood, the 
order of sacrificed utility and the dependence of the decision 
on corporate characteristics. Statistically, the grouped data 
sets are subjected to a correlation analysis to find out, for 
example, whether and to what extent the highest possible 
level of sacrifice in favor of sustainability depends on the 
company size. Alternatively, difference statistics were per-
formed if the test variable had few attributes, i.e. for “yes/
no” answers. For example, the responses on industry affili-
ation were grouped according to material experience and 
checked for differences. This shows which sector is the most 
or least familiar with WPC. Finally, a significance check 
provided both approaches with a high degree of validity.

The more heterogeneous the answers are, the stronger 
is significance between agreement on the utility bundles 
and organizational and latent variables. For this reason, all 
entries for the variables were first tabulated and, in partic-
ular, the industry distribution was depicted as a pie chart. 
In order to exclude multicollinearity between the variables 
prior to the effect analyses, the variance inflation factor 
(VIF), derived from the correlation matrix, was tested for 
keeping the upper limit of 10.

3 Method

3.1 Data Generation via Survey

3.1.1 Questionnaire Preparation

The responses of the industry experts to WPC as a poten-
tial substitute material, applied to their own products, 
were gathered by a survey. According to Table 1, the four 
manifest variables with “Wood Content” 5-fold, “Costs” 
3-fold, “Color Stability” and “Moisture Resistant” 2-fold 
each, entered the setting. This resulted in 5 × 3 × 2 × 2 = 60 
choices, where the ordinal or cardinal scaling of the vari-
ables allowed a clear ranking. For this, 32 combinations had 
to be blocked, e.g. when the minimum wood content was 
combined with a maximum performance loss. The remain-
ing 28 choice sets were divided into 16 choice containers. 
They each offered two to three utility bundles for selection, 
under two wood contents of plausible rank order, e.g., 20% 
and 40%. The utility bundles then described whether the 
wood-increase was at the expense of either costs, color sta-
bility, or moisture resistance. Depending on which choice 
was made, the questionnaire forwarded the test person to 
a next exactly defined choice container. This included a 
higher fiber content, again at the expense of another prop-
erty. If none of the offered combinations was considered 
equally useful, the respondent could then “opt-out”, keep-
ing the latter choice with the lower wood content, and was 
then directed to the query of the organizational and latent 
variables. For the respondents, the 16 containers were vis-
ibly arranged in order of increasing sustainability aspects 
according to the five possible wood proportions. This is 
consistent with the Boundary Value Principle (Rao and 
Patel 2010). The selection process resembles multi-cri-
teria choice-making (Pohekar and Ramachandran 2004). 
Similar to a multi-stage decision problem, the respondent 
must repeatedly choose a new utility bundle under pairwise 
comparison (Wong and Lee 2008). Since they did this until 
the perceived total utility decreased for the first time, this 
resembled the principle of an auction, where continuously 
increasing prices are always judged relative to the utility 
from the purchase.

3.1.2 Survey Execution

In October/November 2022, 35 students from the IU Inter-
national University of Applied Sciences in Mainz, Germany, 
conducted the expert survey in their parent companies from 
various industries. Since the study combines lecture with 
working in a weekly rotation manner, each student was able 
to ask a minimum of five experts within a short time. The 
respondents were informed about the objective and their 

1 3

Page 5 of 15 4



Polytechnica (2024) 7:4

3.2.4 Impact of Company Characteristics on the Decision 
(RQ5)

Whether the WPC product is allowed to lose color or 
become wetter in the long term when switching from purely 
petrochemical to biobased, and what triggered this deci-
sion, clarifies the first part of research question RQ5. For 
this purpose, only entries for “hydrophobic/hydrophilic” 
and “color stable/bleaching” were taken from the data set of 
item “FirstChoice” and condensed to the item “First Weak-
ness”. In order to uncover dependencies on corporate spe-
cific and latent variables, the data set was finally crossed 
with the variables “Company Size” and “Business Focus” 
and again with the variables “Importance Plastic”, “Plastics 
in Use” and “WPC Experience” from Table 1, and the cor-
relation analysis and difference statistics were carried out. 
The same was done with the data set for item “max.Wood”, 
as the second part of RQ5. Finally, it was additionally exam-
ined whether there is also a general relationship between 
item “max.Wood” and item “First Weakness”, which points 
to a universal character of WPC-related decision-making.

4 Results and Discussions

4.1 Characterization of Respondents

The survey gave a total of n = 167 participants, and since 
the interviews took place in the presence of the students, all 
responses could be declared valid. The VIF-value ranged 
from 1.01 to 1.47, which is far below the maximum of 
10, and therefore multicollinearity between the variables 
could be excluded. Figure 2 shows that the sectors “Media/
Leisure/Tourism” and “Medicine/Pharma/Health” are the 
most strongly represented, followed by “Technology/…”, 
“Food/…” and finally Distribution/Logistics/…”.

Table 2 summarizes the results on the test variables. As 
can be seen, most respondents were from small (57.5%) or 
medium-sized companies (38.9%) and are service-oriented 
(89.8%). Also, most of them had not yet used WPC as a 
bioplastic option (84.3%), and most use products with a 
medium content of petrochemical plastic (62.3%). Plastic 
generally seems to play a medium (35.3%) to important 
(37.1%) role, which is in line with the study question.

4.2 Consent to WPC as Plastic-Substitution 
Technology

Of the 167 respondents, 15.0% rejected wood-fiber addition 
in plastic. The related item “WPC-yes/no” did not show any 
significant result in the difference statistics with the variable 

3.2.2 Analysis of WPC Acceptance (RQ1) and Current Role 
of Plastic (RQ2)

To clarify the single research questions, the data from the 
16 choice containers first had to be read out. Here, it was 
counted how often respondents generally chose a wood 
fiber content > 0%, which represents an item for “WPC-yes/
no”. This dichotomized data set (0% = 0; >0% = 1) was 
subjected to correlation analysis with selected variables, and 
effects were classified as weak for 0.10 ≤ r < 0.20, medium 
for 0.20 ≤ r < 0.50, and strong above, according to Cohen 
(Cohen 1988). In addition, an ANOVA using F- and Levene-
statistics was executed to test the data sets for differences, 
with the significance level set at 5%. Thus, if the data sets 
for item “WPC yes/no” and the variable “Branch” were 
different and at least weakly associated, this answered the 
research question RQ1. In the same way, RQ2 was used to 
clarify whether agreement with WPC actually depends on 
the estimated importance, the proportion of plastics in one’s 
own business and previous experience with biobased plas-
tics. Finally, there had to be a significant effect and group 
difference between the item “WPC yes/no” and the vari-
ables “Importance Plastic”, “Plastics in Use” and “WPC 
Experience” according to Table 1.

3.2.3 Analysis of Willingness to Renounce (RQ3) and 
Acceptable wood Content (RQ4)

RQ3 answers how far industry experts see a decrease in per-
formance and cost efficiency in an increasing wood fiber 
proportion as material sustainability. For this, it is clarified 
at which maximum wood content a decline of the total util-
ity is perceived for the first time. The growing number of 
entered choice containers indicates continuously accepted 
fiber amounts, despite shrinking material efficiency. First, 
the paths of all responses were graphically displayed as a 
decision tree with the main paths according to the variables 
“Costs”, “Color Stability” and “Moisture Resistance”. Then 
for each response, the wood share, at which the “opt-out” 
solution was selected, was read out, resulting in a data set 
for item “max.Wood”. The distribution of the maximum 
wood proportion selected across all entries is again shown 
as a pie chart and the maximum is displayed. With item 
“FirstChoice”, RQ4 clarifies whether experts would first 
renounce cost efficiency from the change to 20% wood 
share, or whether they would give up color stability or 
moisture resistance. In the latter case, a utility bundle from 
choice container 1 was agreed to, acceptance of higher costs 
results from container 2. Or, “opt-out” was chosen in both 
containers, which means rejecting WPC of such wood con-
tent. The counted responses were again presented as a pie 
chart.
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“Branch” (Table 3). So, the agreement with WPC is sector-
independent which answers RQ1.

The results first constrain the statements of Florez and 
Castro-Lacouture (Florez and Castro-Lacouture 2013) that 
sustainable materials are generally seen as beneficial by 
users, because after all WPC was rejected by 15%. Also 
that, as mentioned by Heidbreder et al. (Heidbreder et al. 
2019), biobased materials are generally preferred over pure 
petroplastics cannot be confirmed for industrial deciders. 
Rather, the finding gives credit to Onwezen et al. (Onwezen 
et al. 2017) that risk assessment can negatively override the 
decision in favor of sustainability. This also underscores 
the concerns of Brockhaus et al. (Brockhaus et al. 2016) 

Table 2 Characterization of the experts surveyed and their companies (values in %)
Branch: Company Size:
Distribution / Logistics / Transport 4.2 < 50 57.5
Technology / Buildings/Automotive 10.2 51…0.250 38.9
Food / Agriculture 6.6 > 250 3.6
Medicine / Pharmaceuticals / Health 30.5 Business Focus:
Finance / Insurance 0.6 Service 89.8

Production 10.2
Biobased Plastics already used?
no 84.3
yes 20.8
Average share of plastics in use: Assessed importance of plastics:
0 18.6 low 27.5
0…0.50 62.3 middle 35.3
> 50 19.2 high 37.1

Table 3 Association between item “WPC-yes/no” and selected vari-
ables
Correlation between Item…. …and Variable
“WPC-yes/no”
(0 Vol.-% Wood Content)

„Branch“
F(1, 165) = 1.83; p = 0.177; r = -0.10
“Importance Plastics”
F(1, 165) = 0.84; p = 0.359; r = 0.07
“Plastics in Use”
F(1, 166) = 2.15; p = 0.145; r = 0.11
“WPC Experience”
F(1, 166) = 2.57; p = 0.111; r = -0.12

Fig. 2 Branch distribution of expert opinions (in %)
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an interesting option for the industry in general. It can there-
fore be promoted via a high degree of standardization.

4.3 Assessments of WPC as Plastic-Substitution 
Technology

4.3.1 Willingness to Renounce on Performance

The decision tree with the path “cost increase”, as a first 
selection in choice container 2, is shown in Fig. 3. In addi-
tion, Fig. 4 illustrates the results of the two paths “bleaching” 
and “hydrophilic”, as an accepted decrease in performance 
for the benefit of sustainability. First, for the “20% Wood” 
sustainability option, it can be seen that 48.5% (Fig. 4) 
of the WPC supporters selected decreasing color stability 
(bleaching) in favor of moderate bio-content, and this is 
obviously seen as being identical to pure and color-stable 
petroplastics. For them, cost efficiency and moisture resis-
tance must have been more important. At the 40%-wood 
level, it appears that cost increase was the better alternative 
to a threatened decrease in moisture resistance. This also 
remains the case in the further course, although hardly any-
one still expressed agreement.

A similar amount of 15% was in favor of cost increase 
(Fig. 3 at 20% Wood level) and 18% for hydrophilic (Fig. 4 
at 20% Wood level). At the next sustainability level (40% 
Wood) it is again evident that a decrease in moisture 

that skepticism about the performance and cost situation 
makes it hard for novel biomaterials to convince. As for 
the inexistent dependence of WPC approval on the industry 
branch, this result concretizes Friedrich’s (Friedrich 2022a, 
b) statements on WPC packaging, which was assessed dif-
ferently by industry representatives. Obviously, it is diffi-
cult to transfer findings from one product group to another, 
and studies must investigate specifically selected WPC test 
objects than only the material itself.

As can be seen in Table 3, all latent variables that could 
trigger the attitude toward biobased plastics are also unspe-
cifically associated with the approval of WPC, which now 
answers RQ2. Overall, WPC seems to be equally well 
known in each industry as a plastic-substitution technol-
ogy because, after all, 20.8% had already dealt with it, the 
decision in favor of WPC is industry-unspecific, and the 
importance of plastic and the applied proportion is medium 
to high. WPC is therefore a topic for all surveyed branches 
and the 15% rejection is most likely not due to inexperience.

The fact that consent to WPC is independent of mate-
rial experience weakens the statement of Markström et al. 
(Markström et al. 2018) who saw a lack of material knowl-
edge as a cause for rejection. The results complement the 
literature in that, from a branding perspective, not only do 
plastic-intensive companies represent the best possible tar-
get group for novel WPC products, but the material can be 

Fig. 3 Decision tree for main path “cost increase” to compensate for higher sustainability
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4.3.2 Maximal Wood Content Accepted

Item “max.Wood” now reads out the highest selected wood 
proportions from the decision tree. This distribution is 
shown in Fig. 5 (left). As can be seen, 40% fibers achieved 
maximum agreement (34.7%) with losses in cost or perfor-
mance included in the utility bundle. In the same range is 
the choice for WPC with 20% share. It can be seen very well 
that a maximum amount of 60% or even 80% is no longer 
regarded as justified for the associated decrease in cost or 
performance utility. This now answers RQ4.

The results underline two facts that are crucial for bio-
materials. First, as claimed by Scherer et al. (Scherer et al. 
2018), there is a general interest in the highest possible bio 
content, because the maximum is 40% wood share and not 
20%. On the other hand, it agrees with Roos et al. (Roos et 
al. 2014) that, if all other parameters considered important 
are perceived to be optimal, sustainability is the deciding 
factor. This is the only way to explain why the maximum 
is not 20%. But it also underlines the statement of Sijtsema 
et al. (Sijtsema et al. 2016) that this is just true as long as 
other aspects, such as performance, do not decrease more 
than sustainability increases. This is known in economics as 
the efficiency principle, and it ensures that scarce resources, 
in this case the total utility from a bundle of properties, are 
not used sub-optimally.

resistance as alternative is always avoided (e.g. Figure 3; 
path 1,5,19 with 12.9% agreement instead of 25.8% for 
cost increase or 16.1% for bleaching). As before, moisture 
resistance has more priority than cost increase. In conclu-
sion, most respondents give absolute priority to the mois-
ture resistance of WPC, and costs may then also be higher, 
which answers RQ3.

The findings initially weaken Brockhaus et al. (Brock-
haus et al. 2016) that industrial developers view the cost 
increase for such novel biomaterials critically, because 15% 
accepted this to the benefit of sustainability. Akadiri et al. 
(Akadiri et al. 2013) found that, in addition to cost, perfor-
mance is also a decisive criterion, which the study likewise 
demonstrated. That, as claimed by Roig (Roig 2018), the 
durability of the biomaterial triggers the approval is also 
confirmed by the results because, after all, 18% did not want 
to give it up in favor of the same costs. The results comple-
ment the literature by showing that, in the choice between 
color stability and moisture resistance, as two of the most 
important WPC material properties, the latter is seen as 
even more significant by all industry experts. Optimization 
developments in the direction of even more water-resistant 
WPCs are obviously very effective here.

Fig. 4 Decision tree for main paths “bleaching” and “hydrophilic”, which decrease to compensate for higher sustainability
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correlation and difference statistics. As can be seen, the 
choice of which material performance may decrease in 
favor of the first 20% wood fibers (item “First Weakness”) is 
not significantly associated with any variable or makes any 
difference between them. Only the variable “Importance 
Plastics” with p = 0.104 just missed the significance thresh-
old and suggests a weak trend that experts prefer moisture 
resistance to color stability, if plastics are considered essen-
tial for their own product. However, since almost all respon-
dents use a relatively large amount of plastic in their own 
business (Table 2) and attach a fairly high priority to this 
material, no fundamental significant differences could be 
identified. In other words, plastic is a common material in 
products, so that a majority of all companies would initially 
give up color resistance, as can be seen in Fig. 5 (right). 
After all, moisture resistance is an unbeatable advantage of 
petroplastics, which even very sustainable WPC under high 
wood content hardly outweighs. The few existing associa-
tions underline the conclusion reached in Sect. 4.2 that WPC 
products must be tested individually in order to be able to 
identify specific differences between branches. Contrary to 
the statement of Markström et al. (Markström et al. 2018), 
the material itself is already sufficiently well assessed by 
industry representatives.

As far as the maximum wood content of 40%, preferred 
by most respondents, is concerned, service providers tended 
to favor this amount (p = 0.041). Manufacturing companies 
may have feared the additional effort involved in produc-
tion under high wood fiber content in the plastic and thus 
went for lower proportions. It is also possible that service 
providers could better differentiate themselves with more 
sustainability and would then use this more effectively as 
a marketing tool. After all, they would only have to pur-
chase WPC with a high wood content as a buy-in product. It 
should be remembered, however, that the data set included 

4.4 Reasons for the Assessments on WPC

4.4.1 Dependence on Company Characteristics

To find out which variables triggered the item “max.Wood” 
(Fig. 5, left) and the item “First Weakness” with the entries 
for “hydrophilic” and “bleaching” from Fig. 5 (right), 
Table 4 now summarizes the results of the corresponding 

Table 4 Association between Items “First Weakness” or “max.Wood” 
and company-related or latent variables
Correlation between Item…. …and Variable
“max.Wood” “Company Size”

F(2, 110) = 5.00; p = 0.08; r = -0.27
“Business Focus”
F(2, 105) = 4.27; p = 0.041; r = -0.20
“Importance Plastics”
F(2, 110) = 1.89; p = 0.248; r = -0.11
“Plastics in Use”
F(2, 108) = 0.05; p = 0.949; r = -0.03
“WPC Experience”
F(2, 110) = 1.44; p = 0.234; r = 0.11

“First Weakness”
(bleaching/hydrophilic)

“Company Size”
F(2, 110) = 1.01; p = 0.368; r = 0.05
“Business Focus”
F(2, 105) = 2.06; p = 0.154; r = 0.14
“Importance Plastics”
F(2, 110) = 1.38; p = 0.104; r = -0.15
“Plastics in Use”
F(2, 108) = 0.05; p = 0.948; r = 0.01
“WPC Experience”
F(2, 110) = 0.02; p = 0.884; r = -0.01

Correlation between Item…. … and Item
“max.Wood” “First Weakness” (bleaching/

hydrophilic)
F(1, 111) = 11.08; p = 0.001; r = -0.30

Fig. 5 Distribution of preferred maximum wood shares (left); distribution of first choices (right)
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reasons for this could not be found out in the study, 
since the decision was unspecifically associated with 
the test variables.

(2) The industry has comparable knowledge across sectors 
to assess WPC. Information campaigns can therefore 
be conducted under a high degree of standardization. 
In order to find out branch differences in the perception, 
WPCs must be tested in a more differentiated way on 
the basis of real objects.

(3) WPC may well cause higher substitution costs if mate-
rial performance is maintained in relation to pure petro-
chemical plastic. Since the literature reports that most 
consumers are willing to pay more for biobased prod-
ucts, additional costs from the transition to WPC can be 
passed on to the market.

(4) For wood content above 40–60%, experts see a greater 
decrease in performance and cost advantage than an 
increase in sustainability benefits. An average wood 
proportion of 50% can therefore be regarded as opti-
mum for efficiency.

(5) For the industry, moisture resistance of WPC is a major 
criterion. As a consequence, the wood content, con-
sidered to be optimal, is also rated lower than if color 
resistance was seen more important. Future product 
developments with WPC should therefore focus on 
optimizing moisture resistance, which will then also 
increase the acceptance of higher wood shares.

(6) WPC substitution technology can make subordinate 
plastic products, without any moisture requirements, 
comparatively more sustainable than prestige goods or 
functional tech products. Nevertheless, the ecological 
potential is assumed to be high, as for most cases the 
embedding of wood fibers is viewed as feasible.

However, this study also has limitations. For example, the 
respondents were only placed in a hypothetical decision-
making situation without any consequences. Nevertheless, 
since the survey took place in a real company environment, 
the results are comparatively more reliable than in consumer 
surveys. The survey also focused on Germany, which lim-
its the results regionally. Due to the cultural and economic 
closeness of the Central European countries, there is a cer-
tain transfer potential to other economies, and the approach 
can ultimately also serve as a template for additional studies 
in further countries.

At the same time, the investigations also provided 
insights into the need for further research. For example, 
it was not possible to uncover why WPC was specifically 
rejected in 15% of cases. A follow-up study should find out 
the exact reasons. Practical substitution ideas should also be 
demonstrated with a specific WPC product and the degree 
of approval measured on this. In this way, more information 

almost 90% service providers. In addition, the variable 
“Company Size” just missed the significance threshold with 
p = 0.08, but this tends to indicate that small companies 
are more interested in much wood-containing WPC, which 
would give them a differentiation advantage in the market. 
Since decisions for WPC wood shares show little relation-
ship to the test variables, this also answers the last research 
question RQ5.

The identified dependence of the expert opinion on 
their business environment underlines the statement of Qi 
et al. (Qi et al. 2010) that a sustainability commitment of 
the industry is triggered by the company size, and this had 
also been proven by Friedrich (Friedrich 2021d) specifically 
for WPC facades and among building experts. Again, the 
results are encouraging that marketing of WPC can be stan-
dardized rather than personalized because the industry has 
little differentiated response to it.

4.4.2 Influence on Preferred Wood Fiber Content

It might still be interesting to know whether a personal pref-
erence for material performance somehow triggers expec-
tations for maximum sustainability through wood fiber. As 
can be seen from Table 4 (below), the relationship between 
the two items is indeed highly significant (p = 0.001) and 
middle strong (r = -0.30). From the point of view of the 
industry experts, WPC products, which have lower visual 
requirements, can also contain more wood fibers, which 
may then naturally turn grey over time. If high demands are 
placed on the products in terms of moisture resistance, a 
rather lower fiber content is expected. This result is also a 
realistic assessment of the new WPC material. This find-
ing is relevant for future WPC product developments, 
which should equip subordinate plastic-intensive and low 
moisture-stressed products with maximum wood content, 
because hardly any visual expectations are towards them. 
Otherwise, it could be sufficient to embed only 20% wood 
fibers, which already offers real ecological advantages. The 
average biobasedness, then prevailing in the market, can 
still be high and relieve the environment to a maximum.

5 Conclusions

This study investigated the attitudes of industry experts 
regarding the plastic substitute material WPC and the poten-
tial of the wood fibers it contains. The following findings 
were derived from an auction-like survey:

(1) WPC is not generally considered to be more advanta-
geous than pure petroplastics. Approximately 15% of 
applications were rated as non-substitutable. The exact 
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can be obtained about sector-specific differences instead of 
general questions about WPC as a substitution technology.
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