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Executive summary

While the European building sector is responsible for 40% of the energy consumption and 36% of the GHG
emissions in the EU, only 25% of the building stock is energy efficient. The Renovation Wave Strategy has
been launched by the European commission to boost the building stock energy performance. Bio-based
products could help lower the overall carbon footprint of the construction sector. This work assesses the
use of bio-based material for energy renovation.

Nowadays, bio-based materials represent 3% of the total mass of building material used in Europe and
10% of its volume, with wood covering respectively two third and half of these shares. Regarding
insulation, bio-based products cover about 1% of the total market volume in Europe.

The bio-based material market is expected to gain importance in the years to come due to the stimulus
coming from European policies like the bioeconomy strategy. However, this policy stimulus must be
confronted with several barriers in the context of the renovation wave. The most important being the lack
of economic competitiveness; the limited availability of biomass that, being a finite resource, cannot
completely replace all other types of materials; the present lack of national norms promoting and
facilitating the adoption of bio-based materials; the strong and often distorted competition with the
bioenergy sector; the general lack of workers along the value chain skilled on bio-based materials (e.g.
construction engineers, architects, building contractors etc.) and the limited size of the bio-based
insulation material market compared to its competitors.
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1 Introduction

The European building sector is responsible for 40% of the energy consumption and 36% of the emissions
in EU (WEF, 2021). Considering that yearly only 1% of buildings in Europe undergo energy renovation, and
that only 25% of the building stock is energy efficient, the European Commission launched the Renovation
Wave Strategy to boost actions in the buildings sector and achieve climate-neutrality by 2050 (EU, 2020).
This main goal of this strategy is to improve the energy performance of the European building stock by
doubling the annual energy renovation rates in the coming 10 years. Of the total GHG (greenhouse gas)
emissions in Europe, 12% is due to the material intensity of the building sector (EUROSTAT, 2021). Due to
their lower carbon footprint (Hart et al., 2021), bio-based products represent a great alternative to GHG-
intensive fossil-based construction materials that could help lowering the carbon footprint of the
European building stock.

Bio-based materials are those materials wholly or partly derived from materials of biological origin,
excluding materials embedded in geological formations and/or fossilised. The use of bio-based material in
the renovation wave might represent a win-win solution that could both help increasing the energy
efficiency of the European building stock and, at the same time, lower its embodied carbon footprint.

This work aims at exploring the role bio-based products can plain in the context of the renovation wave.
More specifically, this report wants to give insights about:
e the market size and the different market sub-segments and their perspectives,
e the existing policies and measures EU and Member States level,
e the existing plans and strategies existing at Member State level to promote and incentivise the use
of these products,
e the key barriers in the further development of these products, and
the comparative advantages and disadvantages in terms of energy and CO, emission savings.

The main objective of the renovation wave is to foster deep energy renovation activities to achieve the
goal of 35 million building units renovated by 2030, it wants also to achieve several other side-objectives.
Aspects like the creation of more sustainable, circular, building aesthetic, high health and environmental
standards in buildings are, for example, other side-objectives mentioned in the strategy. For this reason,
the report will mostly focus on materials and applications that are directly relevant for energy renovation
(i.e. insulation material) but will also touch upon other materials not directly relevant for this purpose
which can still contribute to the side-objectives of the renovation wave.
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2 State of play of bio-based materials

Key messages:

e Bio-based insulation materials represents about around 1% of the European market of
insulation materials.

o Wood dominates the market of bio-based materials in the building sector, although
other feedstock like straw, hemp, flax etc. are more and more being used.

e The bio-insulations research field has sensibly grown in the last decades, with Europe
being the most active region of the world in this respect.

e The cost of bio-based insulation materials is generally higher than that of its traditional
competitors (e.g. EPS).

e Bio-based insulation materials show, on average, better performances than their
competitors from an environmental and health point of view, although the variability is
high.

This chapter sets the scene by giving an overview about the use of bio-based materials in construction.
The most important bio-based construction and insulation materials will be described in terms of size, sub-
segments characteristics and its perspective will be outlined. Finally, the benefits and/or impact of using
bio-based materials in the context of renovation, and more broadly in construction is summarised.

2.1 Bio-based materials in construction

Buildings consists of building elements that are generally classified on the basis of their function and the
location in a building (Figure 2-1).
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Figure 2-1  Functional decomposition of building elements.
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A literature review has been performed to identify those building elements that are relevant to be
considered in the context of the study. The relevant works to be further reviewed were found using the
so-called snowballing procedure (Wohlin, 2014). To identify the start set, the search engine LIMO (?) has
been used to perform the initial literature search. For each of the above listed target element, the following
search string has been used in LIMO: (bio-based OR bio based) AND building material AND construction
AND element. Based on their title and the keywords, the resulting articles were reduced in a first iteration
and, for those deemed relevant, the contents were read in the second iteration. The final set was further
integrated with the (e.g. grey) literature already known from the authors for their relevance and not
included in the performed search. Not only the building elements that directly or indirectly contribute to
meet the objectives of the renovation wave, but also those where bio-based materials have a relatively
important market share have been included in this section.

2.1.1 Insulation

Several bio-based insulation materials can already be found on the market or are being developed, with
multiple methods (

(1)  https://limo.libis.be/index.html
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Table 2-1) and feedstocks (Table 2-2) that can be used to create them.
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Table 2-1 Typical manufacturing methods used in bio-based insulation materials and frequency found in the

literature.
Manufacturing Explanation Number of applications found
methods in the review
Bonding By help of at least one binder, such as glue, to make one or more kinds of loose/particle 85

materials to form a whole body.

Natural form Biomasses are packaged directly from raw type (e.g. straws bales with tight or loose 33
structures).
Pressing By help of high pressing at environmental temperature, to make one or more kinds of 26

loose materials to form a whole body.

Hot-pressing By help of high pressing at a relative higher temperature, to make one or more kinds 18
of loose materials to form a whole body.

Others Such as needle-punching, hydro-entanglement, aerosol processing. etc. 3
Injection A magma is first produced, and then the solution is injected into a mold at a specified 2
pressure.
Foaming Generate a porous structure in solid materials by physical or chemical foaming 1
methods.
Source: Modified from Liu et al. (2017).

Feedstock like (wood) cellulose fibre (Cetiner & Shea, 2018; Foams et al., 2020; Hossain et al., 2018; Latif
et al., 2015; Palumbo et al., 2016, 2018; Pavelek & Adamovd, 2019; Romano et al., 2020; Segovia et al.,
2020; Spirinckx et al., 2013; Tiso et al., 2016; Tumusiime et al., 2020), paper flakes (Spirinckx et al., 2013),
hemp (Agliata et al., n.d.; Benfratello et al., 2013; Charai et al., 2021; Collet & Pretot, 2014; Costantine et
al., n.d.; Crini et al., 2020; Degrave-lemeurs et al., 2018; Hussain et al., 2019; Kyma & Sjo, 2008; Marceau
et al., 2017; Nguyen et al., 2016; Palumbo et al., 2016, 2018; Pittau et al., 2018; Pochwata et al., 2020;
Rahim et al., 2016; Sinka et al., 2018; Somé et al., 2018; Spirinckx et al., 2013; Véjelis et al., 2017; Viel et
al., 2019; Zampori et al., 2013), straw (Blondin et al., 2020; Colinart et al., 2013; Latif et al., 2015; Lee &
Yeom, 2015; Liu et al., 2019; Palumbo et al., 2016; Pittau et al., 2018; Platt et al., 2020; Rahim et al., 2016;
Romano et al., 2020; Sabapathy & Gedupudi, 2019; Slaimia et al., 2017), bamboo fibre (Huang et al., 2018;
Mao et al., 2017, 2018), flax (Benmahiddine et al., 2020; Codyre et al., 2018; Kyma & Sjo, 2008; Spirinckx
et al., 2013), sheep’s wool (Romano et al., 2020; Spirinckx et al., 2013), cork (Abu-Jdayil et al., 2019;
Cascone et al., 2019; Dias et al., 2018; Limam et al., 2016), reed (Asdrubali et al., 2016), algae (Talaei et
al., 2020), agro waste (Antunes et al., 2019; Barbieri et al., 2020; Brouard et al., 2018; Ismail et al., 2020;
Karaky et al., 2018; Lee & Yeom, 2015; Maraveas, 2020; Palumbo et al., 2015, 2016; Panyakaew & Fotios,
2011; Pinto et al., 2011; Prajer & Trgala, 2018; Viel et al., 2019), cotton waste (Binici et al., 2012; Rajput et
al., 2012), waste paper (Oriyomi et al., 2015; Rajput et al., 2012) and leather scraps (Marconi et al., 2020)
have been used.

Table 2-2 Top 5 countries with highest number of scientific papers published on bio-based insulation material
and relative feedstock studies.

Feedstock and number of of papers

France Sunflower (4), hemp (7), flax (5), wood (2), straw (1), bagasse (1), rice husk (1)
UK Straw (4), wood (1), coconut husk (1), bagasse (1), hemp (6),
Italy Kenaf (1), cork (1), carboard panels (1), hemp (4), reed (1), waste paper and textile (1), wood (1), Olive stone (1)
Turkey Cotton (2), straw (3), rice husk (1), sunflower (3), Olive seed (1), textile waste (1), wood (1)
Algeria Wood (3), straw (2), date palm (4)
Source: Modified from Liu et al. (2017).
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The bio-based components can be formed into a soft malleable insulation material, or into hard panels.
All mentioned bio-based elements can be filled in between two panels to serve as insulation. However,
most research papers work with a composite panel with the bio-based element as first input, and a binder
as a second input (e.g. glue, silica). Additionally, straw and hemp can be used as blocks as well, compared
to the previously mentioned filling method and the formation of a panel. Straw bales on the one hand and
hempcrete on the other hand can be used both as insulation and as structural component.

Figure 2-2  Example of bio-based insulation materials.
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Source: Maskell et al. (2015).

As shown by Liu et al. (2017), research in bio-based insulation material has boomed in the last decade,
especially in Europe (Table 2-2), in particular for hemp, straw, flax and wood based material (Liu et al.,
2017).

2.1.2 Wall

Wall elements can be constructed out of timber (Corradini et al., 2019; Dong et al., 2020; Markstrom et
al., 2019; Mathis, Blanchet, Lagiére, et al., 2018; Mathis, Blanchet, Landry, et al., 2018; Nakano et al., 2020;
Robertson et al., 2012; Santi et al., 2016; Singh et al., 2019; Svajlenka & Kozlovska, 2020; Werner & Richter,
2007; Winandy & Morrell, 2017; Zibell et al., 2011), bamboo (Ahmad & Kamke, 2011; Seixas et al., 2021),
hemp (Crini et al., 2020; Moujalled et al., 2018; Piot et al., 2017; Pittau et al., 2018) and straw (Cascone et
al., 2019; Pittau et al., 2018; Yin et al., 2020). Bio-based composites can be constructed as well, for example
based on agro-waste (Liuzzi et al., 2017). In the case of a composite, fibre is used to add strength to a
massive wall element.

Timber can used in wall elements, for example by creating a timber framework (Pittau et al., 2018), or load
bearing walls, which would represent the load bearing component of the building. Generally speaking,
timber can be used directly as beam or transformed into manufactured product, by e.g. laminating and/or
pressing wood, products that are often referred also as engineered wood products. While the first is used
typically as load-bearing element, engineered wood products can have different applications. Examples of
such products are CLT (cross laminated timber), LVL (laminated veneer lumber), OSB (oriented strand
board), MDF (medium density fibreboard), PSL (parallel strand lumber) and HDF (high density fibreboard)
(Mathis, Blanchet, Lagiére, et al., 2018; Singh et al., 2019).

Bamboo can be used directly in a round pole frame structure, but it can also be formed into more workable
dimensions, similar to timber (Ahmad & Kamke, 2011; Seixas et al., 2021). It is possible to create PSL or
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SWB (strand woven bamboo) from the bamboo material for example, similar to OSB and LVL. Hemp cannot
be used as it is in construction. It is formed in hemp concrete or hempcrete blocks (Piot et al., 2017). This
product is achieved by mixing hemp shives with a binder like cement or lime for example. It is possible to
use straw bales as load bearing structure itself, or as infill for an existing framework. Timber frameworks
are used frequently for this purpose (Cascone et al., 2019; Pittau et al., 2018). Note that a structural wall
element will rarely be renovated since it is hard to access and is expected to have a life cycle of 100 years.
Other construction elements will be changed out more regularly, like cladding and insulation.

2.1.3 Cladding, roofs and floors

Bio-based inputs used for cladding, roofs and floors can be wood (Friedrich, 2021; Friedrich & Luible, 2016;
Lehmann, 2012; Mantanis et al., 2018; Markstrom et al., 2019; Valachova et al., 2021), straw (Brzyski et
al., 2017), flax (Barnat-hunek et al., 2017; Betts et al., 2021; Brzyski et al., 2017; Codyre et al., 2018; Mak
& Fam, 2019), hemp (Barnat-hunek et al., 2017) or other residue products (Pujadas-gispert et al., 2020).
A common used wood composite in construction works is CLT (Lehmann, 2012), but new products like
wood plastic composite (WPC), a composite material combining wood-based elements with polymers, are
more and more being developed (Gardner et al., 2015).

Wood can be applied to a building to support both the roof, as well as the floor (Lehmann, 2012; Mantanis
et al., 2018; Pujadas-gispert et al., 2020). Similar applications are found regarding flax panels (Mak & Fam,
2019).

2.2 Market size, perspective and natural capacity
2.2.1 Market size

In this section, an overview of the current market size of bio-based materials in construction is given. To
determine the market size of each bio-based construction material, the material consumption at EU level
is analysed for the construction sector (NACE code F). This is achieved by considering the Raw Material
Consumption (RMC) indicator for 2018, the latest year available. The RMC combines the amount of
domestic, foreign, direct and indirect raw material necessary to satisfy the material need of a certain
industry in a given geographical reference area. This means that the RMC includes both material used in
new as well as renovated buildings and does not allow to clearly understand the amount of bio-based
material consumed in the context of renovations. However, the analysis helps to understand the overall
market characteristics and the role played from bio-based materials in the building sector.

The selected categories of primary raw materials for the construction industry are (Eurostat, 2020):

e Non-metallic minerals, which contains (but not limited to) litho-based inputs like marble, granite,
clay, sand and gravel.

e Metal ores (gross ores), which includes all possible mineable metals (e.g. iron, copper, nickel, gold,
silver).

e Timber (industrial roundwood), which is comprised of all roundwood, except for fuel wood. Both
natural lumber and engineered products are included.

e Straw, which is part of the total biomass used for construction purposes.

e Other biomass. This category is created to scope the amount of bio-based construction material
that is used, excluding the explicit available categories of timber and straw.

These materials are selected, as they are part of the final, physical construction work. Extractions of fuel,

both renewable/bio-based as non-renewable to power the production of the final products are excluded
from the calculations whenever possible.
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Figure 2-3  Raw material consumption in construction and construction works (NACE code F), 2018, EU 27. In
thousand tonnes and percentages left and in cubic meter and percentages right.
Building materials in the construction sector Building materials in the construction sector
based on weight (1000 tonnes) based on volume (m3)
— 1146 (<1%)
100% 100%
11019231
(1%)
98% 28765 (2%) 98%
96% 96%
103 757 (6%)
94% 94%
47941 667 (5%)
92% 92%
90% 90%
25100881
(2%)
88% 88%
86% . 86%
1606 796 (91%)
930127931
84% 84% (88%)
82% 82%
80% 80%
m MF3 - Non-metallic minerals m MF2 - Metal ores (gross ores) B MF3 - Non-metallic minerals W MF2 - Metal ores (gross ores)
B MF131 - Timber (industrial roundwood) ® Other Biomass (minus fuelwood) W MF131 - Timber (industrial roundwood) ™ Other Biomass (minus fuelwood)
mMF1211 - Straw W MF1211 - Straw
Note: y-axis not fully displayed.
Source: Based on Eurostat data (Eurostat, 2020).
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Figure 2-3 on the left depicts the RMC for the construction sector in thousand tonnes. For each input
category, the percentage of total material consumption is calculated. Non-metallic minerals dominate the
construction sector by far, with a market share of 91%. Metal ores follow with a market share of 6%. The
remaining 3% of the mass of building material used in Europe is due to bio-based construction product.
Within this category, timber has the biggest market share, namely 2%, 1% of the mass is represented by
“other biomass” and straw has a negligible market share of less than 1%.

While mass is the common unit used in such a type of material flow analysis, it must be noted that making

the comparisons solely based on mass can give an incomplete picture of the relative market importance

of each material. In fact, at least in the context of construction materials, it can also be relevant to know
the relative volume occupied from a specific type of material in buildings to get an idea of its relative
market importance. For this reason, in this work also the volume-based market shares in cubic meters (m3)

is calculated using the densities reported in Table 2-3.

e The category non-metallic minerals is assumed to consist of four main categories: (1) concrete (i.e.
sand and gravel, MF38), (2) marble, granite and sandstone (MF31), (3) clay (MF37) and (4) limestone
(MF36).

e Metal ores are split between (1) steel (i.e. iron, MF21) and (2) non-ferrous metal (MF22). Since it is not
possible to calculate the density of the combined mix of non-ferrous metals, aluminium is taken as a
proxy.

e The three bio-based inputs are kept separately to be able to analyse each of them separately.

Since the category “other biomass” consists of many different plant species, which are not defined in the

Eurostat database, a gross estimation of 400 kg/m? is assumed. For this reason, the resulting estimate of
the market share of the category “other biomass” has subject to higher uncertainty.

Table 2-3 Densities used for construction materials.

Non-metallic minerals Concrete (sand and gravel) 72% 1425
Marble, granite and sandstone 11% 2 475
Clay 8,5% 2350
Limestone 8,5% 2700
Metal ores Steel (iron) 28% 7 820
Non-ferrous metals (aluminium) 72% 2700
Timber Wood 100% 600
Straw Straw 100% 104
Other biomass Various crops 100% 400
Source: Data retrieved from Engineering Toolbox (2020) and Sokhansanj (2013).
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Figure 2-3 on the right shows the resulting market shares based on volume instead of weight. As one can
see, the conventional categories of non-metallic minerals and metal ores decrease in relative market share
to 88% and 2% respectively. The market share of the bio-based materials (with lower density compared to
the conventional materials) increases. Timber increases from 2% to 5%, straw increases from less than 1%
to 1% and the undefined “other biomass” increases from 1% to 4%. In this new calculation model, the bio-
based materials account for 10% of the total raw material consumption in the European building sector.

As already mentioned, these data refer to the big family of bio-based materials. This means that they do
not allow to distinguish neither which is the share used in new and renovated building nor which is the
share that is used in those applications that are mostly relevant for the renovation wave (i.e. insulation)
compared to the others (e.g. load-bearing elements).

Figure 2-4  European thermal insulation market by region (left) and product (right) in 2018 (total = 270 million
m3).
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Source: https://www.gupta-verlag.com/news/industry/23659/ial-consultants-the-european-market-for-thermal-
insulation-products (retrieved on 31/10/2021).

While, at least based on the authors’ knowledge, there are no data available about this latest aspect, some
conclusions can be drawn comparing the result our analysis with the characteristic of the market of
insulation material (Figure 2-4). The family of renewable insulation materials account for 1,4% of the total
market volume of insulation material in EU. Even assuming that insulation material volume in building is
linearly proportional with the other building elements (which is clearly not being typically lighter) the fact
that bio-based insulation material has a volume that is proportionally 10% of that used in the whole
construction sector makes clearly understand that most of the bio-based material used in construction
goes in other building elements like structural elements. It is thus evident from the analysis of previous
sections that bio-based materials currently play a secondary, although still relevant, role in the
construction sector, and that timber dominates this market segment.

2.2.2 Market perspective

It is evident from the analysis of section 0.1 that bio-based materials play a marginal market role in the
construction sector and that timber dominates this market segment. Still, the bio-based material market
is expected to gain importance in the coming years due to the stimulus from European policies such as the
bioeconomy strategy (Kardung & Wesseler, 2019) as it happened over the last years. For example,
between 2008 and 2018, the whole bio-based economy experienced an increased of its turnover of about

ETC CM Report 2022/01 13


https://www.gupta-verlag.com/news/industry/23659/ial-consultants-the-european-market-for-thermal-insulation-products
https://www.gupta-verlag.com/news/industry/23659/ial-consultants-the-european-market-for-thermal-insulation-products

30%, with the highest increase in the the chemicals and plastics (+68 %) and the pharmaceutical (+42%)
sectors (Porc et al., 2021).

It is thus important to look also at the market perspective and try to give answers to the following
questions:
e What is the market potential considering their economic competitiveness and the overall
consumer acceptance?
e What is the achievable sustainable supply of bio-based feedstock material?

With regard to the first questions, Schulte et al. (2021) compared the life cycle cost of different bio- and
fossil-based insulation materials (

Table 2-4). They found that EPS (expanded polystyrene) is the cheapest and miscanthus, which still shows
a limited market integration, being only about 10% more expensive. Hemp and wood-based insulation are
the least cost-efficient.

Other studies come to the same conclusion that bio-based solutions tend to be slightly more expensive
than their traditional competitors (see e.g. Barrio et al., 2021; Lazzarin et al., 2008; Saadatia, 2014). In
another work, Goswein et al. (2019) explored the economic performances of building retrofitting and
compared the cost per m? of EPS and cork-based insulation material. They found that, over the 30 years
studied, retrofitting offers an economic advantage only in the case of relatively high energy consumption
(or energy cost) in the building. This is because the savings are more than compensated by retrofitting
costs. In addition, between the two insulation materials, the bio-based one results the most expensive due
to its higher market price compared to the EPS-based solution (Figure 2-5).

Table 2-4 Life cycle costs of insulating 1 m? of external wall of a residential building with 0.24 W/m?K for 70
years with different materials.

Life cycle stage Wood fiber Hemp fiber mmm
1.51 2.21 2.79 0.90 0 0

Cultivation system

Manufacturing system 10.33 9.19 6.35 2.76 4.13 8.35

Use phase system 0.81 3.70 0.81 3.74 3.70 3.64

End- of- life system 1.22 1.31 1.37 1.39 0.46 0.81

Transports 0.37 0.39 0.40 0.41 0.09 0.25

Total 14.24 16.79 11.72 9.18 8.39 13.05
Source: Adapted from Schulte et al. (2021).

It has also to be noted that, while EPS production is a relatively well-established and widespread
technology (cfr. Figure 2-4), the insulation cork board use is rather limited due to the limited supply of
cork, which is also due to the high intersectoral competition for the raw material cork with bottle cork
stoppers industries. In practical terms, this means that while the former benefits from the positive effect
on production costs of technological learning, process efficiency optimization and of the economies of
scale, this is not the case for the latter. This applies to many bio-based materials that appeared on the
market recently or are being developed, being the bio-based industries are a nascent sector. The fact that
often they still represent a niche market, the technological readiness level it is relatively low and that the
efficiency of the production processes is not yet optimized, makes bio-based products hardly economically
competitive. At least in comparison with the more widespread products such as those based on mineral
wool (glass and stone wool) and plastic foams (EPS, XPS, PUR). The fact that the bio-based sector is and
will most probably continue to grow, can positively influence the cost competitiveness of at least those
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subsectors and products that will continue to grow reaching a certain market size and will thus benefit
from the aforementioned effects.

Figure 2-5  Left: Comparison of the economic (production and installation) and energy consumption costs after
30 years for 1 m? of non-retrofitted, ICB (insulation cork board) and EPS-based insulated exterior
wall. Right: Sensitivity analysis of heating and cooling needs based on the total economic cost.
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Source: Goswein et al. (2019).

Consumer behaviour will play a critical role in supporting the uptake of bio-based materials. Consumers’
purchasing choices can greatly influence the bio-based products demand and, consequentially, its supply
and market price. Gaffey et al. (2021) reviewed the studies looking at the consumers perspective of bio-
based products and, more specially their motivation, interest and knowledge related to bio-based product.
The reviewed studies (see In the same work the authors studied the consumer drivers and motivations
with regards to buying bio-based products in the Netherland and Ireland. They found that, in both
countries, price is the key factor influencing the purchase of bio-based products (Figure 2-6) and that about
half of the consumers are not willing to pay more for them.

To avoid unwanted effect, it is important that the increased demand of bio-based material does not lead

to the unsustainable overexploitation of natural resources. It is thus crucial to understand what a future
realistically achievable sustainable supply of bio-based feedstocks is.
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Table 2-5 for their details and main findings) showed the relatively positive perceptions of consumer
towards bio-based materials, mainly due to the sustainability benefits perceived, despite the relatively
limited knowledge they have about them.

In the same work the authors studied the consumer drivers and motivations with regards to buying bio-
based products in the Netherland and Ireland. They found that, in both countries, price is the key factor
influencing the purchase of bio-based products (Figure 2-6) and that about half of the consumers are not
willing to pay more for them.

To avoid unwanted effect, it is important that the increased demand of bio-based material does not lead

to the unsustainable overexploitation of natural resources. It is thus crucial to understand what a future
realistically achievable sustainable supply of bio-based feedstocks is.
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Table 2-5

Studies assessing consumer perspective on bio-based material.

Year

Meeusen et al.,
2015

Pfau Swinda, Vos
John Vos, Dammer
Lara, 2017

Delioglamnis et al.,
2018

Carus
Michael,Partanen
Asta,Piotrowski
Stephan, 2019

Ladu et al., 2019

Sabini Matteo,
Cheren Serena,
2020

Taufik et al., 2020

Source:

Survey

Literature
Survey

Two-round
Survey

Interviews

Two-round
Delphi Study
Survey

Survey

Lab-in-the
-field study
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Denmark (N = 1012), Germany
(N = 1136), Italy (N = 1060), The
Netherlands (N = 1016), Czech
Republic (N = 1008), and
Slovenia (N = 1011)

17 relevant EU reports

Round 1 (N =452), Round 2 (N
=530) from 17 EU member
states

90-min in-depth psychological
interviews (N = 60) in Germany,
Italy and Poland

Round 1 (N = 744), Round 2 (N
=341) from Germany, Italy,
Spain, UK

(N =1014) from 37 countries
(largely Mediterranean, but
other EU and non-EU responses
included)

(N =281) German, French and
US consumers

Adapted from Gaffey et al. (2021).

A high degree of unfamiliarity with the bio-based concept and bio-
based products among consumers. They have positive associations
linked to the environment. However, there are also mixed and
negative feelings due to the lack of knowledge and arising
questions about the bio-based concept and products.

While there is a general understanding among the public regarding
what bio-based products are, specific knowledge about product
characteristics is mostly missing and misconceptions occur.
Various studies included in the meta-review show that people
assume that bio-based production is aimed at finding
environmentally friendlier solutions. This results in a positive
attitude towards bio-based products, but also high expectations.

Respondents have a positive attitude towards and interest in bio-
based products. Consumers find them trustworthy in terms of
their content, they recognize their potentially positive
environmental impact and are willing to pay more for a bio-based
product of the same functionality and properties than a fossil-fuel
derived one. Nevertheless, the survey does indicate that limited
market availability and high prices are important factors that
inhibit the wider use of bio-based products.

Most consumers had very little knowledge of concepts like “bio-
based” and “biodegradable”. They (incorrectly) assume that all
plant-derived products will be biodegradable. Consumers feel
overwhelmed, not competent, and not responsible for the
decision around which materials are good or bad. They want a
simple, official, and trustworthy label to help them identify the
“good” materials.

The top three environmental issues for consumers were: (1)
biodegradability; (2) recyclability; and (3) type and origin of raw
material. For consumers, the top three social issues were: (1)
impact of the product on people’s health; (2) no child labour; and
(3) respect for human rights in the production of raw materials
and products. The three most important aspects to be considered
before buying a product in addition to sustainability related
characteristics were: (1) price; (2) functionality/performance of
the product; and (3) better performance than alternative fossil-
based products.

Many misconceptions, lack of knowledge or understanding about
what is bio-based, the origin, production and processing of bio-
based products. Furthermore, customers have doubts about the
trustfulness of the claims given by companies and brand owners.
Clear labels are expected to answer the misconceptions, provide
knowledge and more visibility for bio-based products.

Focus on bio-based packaging. The results show that consumers
only perceive compostable bio-based packaging to have more
environmental benefits than fossil-based packaging. However,
most consumers dispose of compostable bio-based packaging in
an incorrect manner (not in line with what is communicated on
the packaging label) relatively often.
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Figure 2-6  Motivations of consumer for buying bio-based products (NL= Netherlands, IRL= Ireland).
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Source: Gaffey et al. (2021).

2.2.3 Market versus resources issues

With regard to timber, largest part of bio-based construction materials at the moment, an idea on the
current intensity of forest management and harvesting can be obtained analysing the utilisation rate. The
utilisation rate represents the ratio between the annual volume felled and the volume of annual growth
(i.e. net annual increment NAI) in the stock of living trees. This ratio is an indicator of the sustainable forest
management since it provides an overview of the net forest that remains after felling.

Values over 100% indicate a non-sustainable harvest process, where more trees exit compared to natural
generation plus additional plantation. Values below 100% imply an increase in the standing volume of
timber over time. The ratio indicator should obviously be considered only over large spatial areas and
temporal timeframes. This is due to the spatio-temporal variability of growth and harvesting patterns
influenced, for example by the necessary management decisions like evening out the age of the standing
stock, or the impact of natural disturbances. It must be also underlined that the ratio of fellings per net
annual increment reported in the statistics might be under-estimated when relative large areas of the
forests are owned by small-scale owners exploiting the forest for self-consumption of firewood. This type
of harvesting is not reported in official statistics.

In the latest report on the State of Europe’s Forest (Forest Europe, 2020), these figures are provided by
region (

). The average utilisation rate is slightly above 70%, which implies a yearly increase in the overall standing
stock of wood. It is interesting to know the descending gradient in the utilisation rate moving from the
Nordic to the Southern European countries. This is certainly due to the higher relative importance of the
forest sector in Nordic countries (cfr. Figure 2-7) but this is certainly also due to the fact that exploitation
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of forests for self-consumption of firewood is much more widespread in southern European countries. This
means that, at the moment, European forests are not under pressure and that an increase in the supply
wood can be also foreseen. It should ensure no further forest degradation and sustainable management
at the supply side.

Table 2-6 Net annual increment (NAI), fellings, and utilisation rate by region (2015). Data coverage as % of total
regional forests available for wood supply (FAWS) area: NE 94%, C-WE 100%, C-EE 34%, S-WE 0%, S-
EE 61%, EU-28 67%, Europe 65% (23 countries).

North Europe 249,1 205,8 82,6
Central-West Europe 259,1 7,3 184,7 5,2 71,3
Central-East Europe 86,6 8,1 53,6 5,0 61,9

South-West Europe - = = - -

South-East Europe 57 5 58,0
Source: Based on State of Europe’s Forests (Forest Europe, 2020).
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Figure 2-7  Contribution of the forest sector to gross domestic product, by country, 2015.
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Goswein et al. (2021) estimated the potential land requirements of a large-scale bio-based renovation of
the building stock in Europe until 2050. Their research focused on four different materials, namely timber,
straw, hemp and cork and considered only the building envelope components above the ground (exterior
wall and roof). Using material flow analysis, the authors estimated the expected material intensity of such
bio-based renovation strategy in the EU-27+UK (Figure 2-8).
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Figure 2-8  Yearly material intensity for renovation and new construction, evaluated as mean value for the
period 2020-2050, for exterior walls and roofs, per type of material.
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Consequently, the land that would be needed to fulfil the estimated demand of bio-based material has
been based estimated (Figure 2-9 left). The authors conclude that straw represents the most promising
feedstock to be used in large-scale bio-based renovation. This is both because of its carbon storage
potential and low land use impact (Figure 2-9 right) coming from the fact that it is a by-product of wheat
farming. In addition, its use would provide an additional source of income to farmers. Timber is found to
be the most promising in terms of land availability. Considering also its carbon storage benefits and the
fact that from a technological and logistical point of view the wood-based market is already developed, it
is certainly going to be a fundamental bio-based resource in the near future.

The expectable increase in demand of the resource wood from other sectors as well is likely increasing the
competition for this resource. Both hemp and cork do not have the capacity to satisfy the demand in the
EU 27+UK at the moment, even though hemp was found to have the highest potential GWI (global warming
impact) (see next section).
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Figure 2-9 Left: European land requirement vs availability to supply the annual demand of the four
alternative feedstocks. Right: land efficiency coefficient measured as m? required to store 1 tonne
CO: in the building stock.
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Material Economics (2021) modelled the European demand for biomass feedstocks from all sectors by
2050 and compared this with the realistically achievable biomass supply in Europe. Nowadays’ energy use
is slightly over six exajoules (EJ) (%) in the EU, that is already 150% more than what was in 2000. Based on
the proposal of e.g. think thanks and industries associations, bioenergy use could peak more than 20 EJ by
2050. Even if the EU Commission roadmaps and integrated scenarios are more conservative (see e.g.
European Commission 2018a), they still expect 11 to 14 EJ of energy coming from bioenergy by 2050.
These analyses generally neglect the biomaterial sector, which already consumes the equivalent of 4 EJ of
biomass. This work does not indicate the share of this biomass used specifically in the construction sector,
but solely that roughly two thirds of it consists of solid wood products, which is in line with other EU level
estimates (Gurria et al., 2017). Sadly, this type of statistics is not available, but a substantial share of solid
wood products is used in construction, and there are claims that about 70% of wood in Europe is used in
construction and furnishings (3). Taking these aspects into consideration it can be guessed that probably
between one third and half of the total biomass used for biomaterials and bioenergy together are
absorbed by the construction sector. The bioeconomy and the development of novel bio-based materials
that it is stimulating, can increase the demand for biomass of up to 5 EJ. Considering that an increased
import of sustainable biomass is unlikely due to the already high competition for land and that the
domestic supply from forest and waste streams can only partially contribute (see e.g. previous sector), the
extra demand should come from dedicated energy crops which would require a profound modification of
the EU agricultural sector and its landscapes. For example, the 5 EJ extra of bioenergy might require about
30 million hectares of land, which roughly the same size of Italy and represent 20% of EU cropland
nowadays. All this means that the high reliance on biomass of current climate scenarios would require an
increase from 70% to 150% of its use in both the material and energy sectors. This might bring to a demand
of biomass that is from 40 % to 100 % higher than what is realistically available.

(2) Inthe study 1 EJ is equivalent to 5 to7 million hectares of land used for energy crops or 55 million tonnes of wood.
(3) https://ec.europa.eu/growth/sectors/raw-materials/related-industries/forest-based-industries/woodworking en
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The authors explicitly stated that, with some due exceptions (e.g. biofuels for aviation), biomaterials have
to be prioritized over bioenergy due to their effectiveness. Nevertheless, the competition between the
two sectors is high, and will probably remain so in the future, contributing to limit the potentiality of bio-
based materials to play a leading role in the context of renovations. It is also evident that the increase in
circular (also called cascading) practices and the more general valorisation of bio-waste streams potentially
represents an important source of additional biomass supply since it can significantly decreases resource
consumption (see e.g. Risse et al., 2017). The production of bioenergy mostly or even solely of second and
third generation would, for example, help achieving the climate goals and, simultaneously, reduce the
pressure on lands and increase virgin biomass availability for biomaterials.

The situation becomes even more complex when the European situation is seen from a global perspective
and the potential indirect impact of the bioeconomy in other regions of the world is looked at. Europe is
already now the sole region in the world acting as a net importer of the four major natural resources:
materials, water, carbon and land (Tukker et al., 2016), and has a per capita cropland footprint of 40%
higher than the global average (Tramberend et al., 2019). Bruckner et al. (2019) further assessed the
European global cropland footprint of the non-food bioeconomy. The authors showed that Europe is the
major consuming region of cropland-based non-food products worldwide and is highly dependent on
imports being roughly two thirds of the cropland required to satisfy its non-food bioeconomy related
demand. It is interesting to note that, on the contrary, three quarter of the cropland footprint of the
European food consumption 2010 is coming from domestic land resources. These results show how high
is the risk of land use displacement and leakage effects linked to an increased demand of biomass in
Europe. All these aspects, although extremely difficult to be accounted for, should be taken into account
to avoid unwanted negative side-effects.

2.3 Environmental and health impacts and benefits associated to bio-based products for
renovation

In this section an overview on the environmental benefits and impacts of bio-based materials used in the
context of renovation is given. The section aims at answering the following questions:

e What is the most effective bio-sourced renovation product to mitigate climate change?

e What is the broader impact of bio-based material other than that related to climate change?

2.3.1 Climate mitigation and bio-based material for renovation

Literature on GHG footprint of bio-based materials shows that, on average, they have a lower GHG
footprint compared to their fossil counterpart. An nice overview is for example presented by Weiss et al.
(2012), which reviewed the results of 44 LCA studies covering some 60 individual biobased materials and
about 350 different scenarios. The same benefits are reported also more specifically the construction
sector (see e.g. review in Trinomics et al., 2021) and for, more specifically, insulation materials (Cusenza
et al., 2021).

Anyway, with regard to the first point, it is not easy to provide an answer because finding the best bio-
based feedstock needs to take into consideration many aspects such as the application into which the
material is turned to, its energy saving performance and its embedded carbon (i.e. GHG emission due to
its production), the amount of biogenic carbon stored in the bio-based product, its lifetime, if the positive
effect of the temporary carbon storage in biomaterials is accounted for and how. Studies with different
approaches can lead to different results that thus need to be carefully interpreted.

Pittau et al. (2018), for example, investigated the climate change impact of five functionally equivalent (i.e.

same area, U-value and lifetime) alternative exterior walls, three of which bio-based (hemp, straw and
wood-based) and two fossil-based (brick and concrete).
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The analysis looked at the life cycle emissions of the products and took into account also the temporary
carbon storage effect of bio-based ones, which is typically not included in studies following the
methodology outlined in LCA standards like the EN 15804. They found that, among the different materials
studied, the fast-growing bio-based materials (i.e. hemp and straw) are the best to be used if one wants
to minimize the impact in terms of CO; emissions. All the three bio-based materials exhibit a GWI lower
than that of both fossil-based ones. However, while the cumulative GWI is still positive for timber, no
matter the disposal scenario, for both straw and hemp the cumulative GWI is always negative over the
time horizon considered (200 years).

Pittau et al. (2019) investigated also the European scale mitigation potential of storing carbon in bio-based
materials used for the energy renovation (i.e. insulation) of existing facades. Three construction solutions
based on fast-growing biogenic material, one wood-based and a synthetic (EPS) insulation solution were
compared. They found that: (i) using straw as insulation material to renovate existing facades, by 2050 up
to 3% of total anthropogenic emissions of 2015 could be offset; (ii) the hemp-based solution needs 28-40
years to yield net negative cumulative GWI; (iii) wood can store a large amount of carbon, but due to long
rotations of forest stands, not all emissions can be compensated by 2050.

However, it has to be stressed here that two different approaches to account for the role of biogenic
carbon sequestration exist. One assumes that forest occurrences are accounted for before harvesting
(growth approach henceforth), following what happens in the natural cycle of carbon where the biomass
has to grow before it harvested. The other (regrowth approach henceforth) accounts for the biogenic
carbon dynamics after harvesting and describes a burden thinking where the harvested biomass creates a
carbon debt caused by a time gap before the forest is regrown.

Pefialoza et al. (2018), for example, showed how the approach chosen to account for the temporary carbon
storage effect of bio-based products can have a sensible impact on the results, especially for shorter time
horizons. In comparing cross laminated timber with concrete, the former resulted 40% and 50% less
impacting than the latter respectively over a 20- and 100-year time horizon when assessed with the growth
approach, and 190% and 135% with the regrowth one. Pefialoza et al. (2018) also argued that, while the
choice is subjective; the growth approach better represents the reality as the trees grow before they are
harvested. On the contrary the regrowth one is mostly theoretical and generates the so-called temporal
carbon debt that is attributed to the forest product. They further said that the former is more suitable for
attributional LCA approach with the objective of knowing more about a product system, rather than to
support decision-making, which is more suitable for the latter, when the aim of the study is to assess the
impact of specific actions (i.e. consequential LCA). It can further be argued, following the previous logic,
that the regrowth approach can logically make sense in the case of afforestation practices involving land
use change (non-forested land turned to a forest), while the growth approach can better reflect situations
without land use change i.e. forest area under (sustainable) forest management, which is also the most
widespread case in the case of Europe.

When the temporary carbon storage effect is considered, also the rotation length chosen has an influence
on the results. As shown in Trinomics et al. (2021), if the same amount of carbon is sequestered in 1 vs
100 years, the absolute results change of 44%, with a sign that depends on if the growth or regrowth
approach is followed. If the first approach is used, slow-growing feedstocks are favoured (i.e. 100 years
rotation length has an impact of -44% compared to that of 1 year for same amount of carbon), when the
second is used, fast-growing ones are favoured (i.e. 100 years rotation length has an impact of +44%
compared to that of 1 year for same amount of carbon).

All this to say that great care has to be placed on drawing the conclusion that fast-growing plant-based
bio-based materials contribute more to mitigate climate change than slow-growing ones based on the
results of these studies. Different methodologies exist and they bring to opposite results. There is no
scientific consensus on which one is the best since each approach can be more or less suitable depending
on the overall goal and scope of the assessment.
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2.3.2 Other environmental and health impacts

Concerning the broader impacts/benefits of bio-based material in the context of renovation, Schulte et al.
(2021) calculated the life cycle impact of different insulation materials for 18 different impact indicators
(Figure 2-10). In 11 impact categories the bio-based insulation materials performed better than EPS and
stone wool-based, with the latter being the most impacting in seven categories. Overall, wood and
miscanthus-based insulation materials were found to be the least environmental impacting, not showing
the highest burden in any of the considered impact categories.

For those feedstocks sourced from agriculture (hemp and flax), the cultivation step is a critical hotspot,
being the main contributor to the overall life cycle impact in 16 out of the 18 assessed impact categories.
The main driver of these burdens is represented by the application of fertilizer, and the subsequent release
of emissions in the form of nitrate, N,O, phosphate and ammonia, of pesticides and, to a lower extent, of
agricultural operations.
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Figure 2-10 Comparison of the relative environmental burdens of the bio-based and fossil-based insulations. The
material with the highest impact in a category represents 100%.
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Note: Categories are fine particulate matter formation (FPM), fossil resource scarcity (FRS), freshwater ecotoxicity (FET),
freshwater eutrophication (FE), global warming (GW), human carcinogenic toxicity (HCT), human noncarcinogenic
toxicity (HNT), ionizing radiation (IR), land use (LU), marine ecotoxicity (MET), marine eutrophication (ME), mineral
resource scarcity (MRS), ozone formation, human health (OFH), ozone formation, terrestrial ecosystems (OFT),
stratospheric ozone depletion (SOD), terrestrial acidification (TA), terrestrial ecotoxicity (TET) and water
consumption (WC).

Source: Schulte et al. (2021).
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2.3.3 Health impacts (indoor air quality)

With regards to VOCs (volatile organic compounds) emissions, bio-based and synthetic or mineral
insulation materials show similar performances, with the first showing in the first week noticeable
emissions that drastically drops after one month (Maskell et al., 2017; Won et al., 2014). Important to note
that some wood-based materials can contribute sensibly to the emissions of VOCs such as aldehydes and
terpenes in indoor spaces. This is mainly caused by the formaldehyde-based binding resins used in some
engineered wood products like plywood and MDF (Harb et al., 2018), but also, in part, to the organic nature
of wood. However, the steady state VOCs emissions from wood-based products are comparable to other
products: mostly below thresholds and emitted soon after renovation or construction. Interestingly, some
of the VOCs naturally emitted from wood products like d-limonene and a-pinene contribute to lower blood
pressure and to physiological relaxation and antimicrobial, anti-inflammatory antipruritic, analgesic and
stress reducing properties that are attributed to monoterpenes (Son et al., 2013). These type of human
health benefits can undoubtedly contribute to improve indoor air quality.

Bio-based materials prevent the condensation of water vapour by allowing for the diffusion of moisture.
For this reason, they are often used in breathable assemblies. This water-permeability reduces the chance
of growth of mould, that is known to be associated to higher risk of allergic reactions and asthma. Palumbo
et al. (2018) showed that bio-based insulation materials can absorb up to seven times more moisture than
EPS, provided that the assembly breathability, that depends on its composition (plasters, paints, coatings,
etc.), is ensured. Although insulation materials are generally not exposed to indoor air directly, the
inherent natural properties of some bio-based materials can be beneficial to improve air quality. The
amine groups presented in wool insulation, which are highly reactive with VOCs, can contribute to purify
indoor air (Won et al., 2014), and hemp is well known to have hypoallergenic properties. The moisture
buffering capacity of bio-based materials, and all the other positive properties, are proportional to the
surface area covered by these materials. To really influence indoor air quality, the bio-based materials
should be exposed on the interior. Compared to insulation materials, bio-based plasters have a much
higher potential to positively influence indoor air quality since, by occupying a bigger indoor surface area
on walls, they have a more direct contact with indoor air. Similarly to the insulation materials, they would
also contribute to buffer the indoor moisture level due to their breathability.

To sum up, of the four key factors to achieve good indoor air quality, namely: ventilating well, controlling

humidity and moisture, reducing the indoor emissions and protecting against outdoor sources (Nazaroff,
2013). Bio-based materials can, to a certain degree, positively influence the last three.
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3 Plans and strategy to promote and incentivise bio-based materials in Europe

Key messages:

e At European level, the role of bio-based products in contributing to reduce the whole life-
cycle carbon emissions in buildings is acknowledged although there is no direct reference
to the use of them for energy renovation.

e Member states are slowly starting to acknowledge the use of biomaterials as climate
mitigators with some (e.g. France) also promoting their use in the construction sector,
even if not specifically in the context of energy renovations.

e Wood is still being prioritised as bio-based construction material and limited references
are made to other types of biomass.

The overall objective of this section is to provide an overview of actions, plans and strategies to promote
bio-based material for the renovation wave both at the level of the European Union and of its member
states. This has been achieved by screening relevant EU documents, plans, strategies etc. dealing with
climate change, renovation and bio-based materials as well as all EU National Energy and Climate Plans
(NECPs) and National Long Term Strategies (LTSs). Based on the findings of this literature research two
case studies have been selected in which the member states have been described in more detail.

3.1 European policies and action plans

The most important European action plan related to climate change and sustainability in general is “The
European Green Deal” (European Commission, 2019). It represents “a new growth strategy that aims to
transform the EU into a fair and prosperous society, with a modern, resource-efficient and competitive
economy where there are no net emissions of greenhouse gases in 2050 and where economic growth is
decoupled from resource use” (European Commission, 2019).

The renovation wave initiative falls under the green deal, which singled out that the renovation of public
and private buildings is the key initiative to deliver its objectives. The plan explicitly acknowledges the role
of bio-based products in contributing to reduce the whole life-cycle carbon emissions in buildings. As
already stressed, the renovation wave focuses on the reduction of the operational energy consumption.
All references to the material use include reducing, reusing, recycling and their decarbonisation. Thus, a
circular economy model is proposed, which is not solely applicable to bio-based materials but to all types
of materials used. However, bio-based materials might have an advantage when a circular economy is the
status-quo.

In a questionnaire as part of a stakeholder consultation regarding the “European Green Deal”, bio-based
construction materials were mentioned in the section about the most promising approaches and best
practices for targeting the residential sector (European Commission, 2020b). Respondents preached to
define accurate accounting rules to measure and confirm the substitution effect of using bio-based
products instead of carbon-intensive materials on construction sites. In this direction goes also the recent
study promoted by the Directorate-General Climate Action of the European Commission that explores the
challenges and opportunities of incentivising a higher uptake of wood products in construction together
with a possible policy instrument to support it by remunerating the actors who employ wood materials in
construction projects.

Also the “new Circular Economy Action Plan for a Cleaner and more Competitive Europe” recognizes the
environmental impact of the construction sector (European Commission, 2020a). It names both
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construction and buildings as key product value chains and proposes a cooperation with the construction
industry to reach circularity.

In March 2020 the European Commission committed itself to come forward with a sustainable built
environment strategy, and the launching of a new and comprehensive “Strategy for a Sustainable Built
Environment”. This strategy is supposed to ensure coherence across all relevant policy areas such as
climate, energy and resource efficiency, management of construction and demolition waste, accessibility,
digitalisation and skills. As preliminary indicated, the focus should be strongly on the creation of a circular
economy through recycling and material recovery. Notably, carbon storage and support for the sustainable
and circular bio-based sector are mentioned in the communication (*). Despite the ambitious intentions
set out from the Commission, at the time of writing of this report (December 2021) the strategy has not
been published yet, and there are concerns about its future delivery (°).

The main action of the European Commission to promote the use of bio-based materials is represented by
the updated bioeconomy strategy (European Commission, 2018b), which pursues five main objectives:

e ensure food and nutrition security,

e manage natural resources sustainably,

e reduce dependence on non-renewable, unsustainable resources,

e |imit and adapt to climate change,

e strengthen European competitiveness and create jobs.

This strategy is implemented by means of a dedicated action plan (European Commission, 2018c)
consisting of 14 actions clustered into three main priorities that should promote bio-based material use
through supportive measures such as funding, innovation and regulatory frameworks. This strategy is the
most comprehensive with regard to the promotion of bio-based materials use and while it mentions the
construction sector, it does not specifically mention renovation.

The newly launched “fit for 55%” package (°), aims to put Europe on track for a 55% reduction in emissions
by 2030 by supporting its climate policy framework. The package comprises of eight revisions to existing
laws and five new proposals covering areas of climate, land use, energy, transport and taxation. Although
some relevant for bio-based materials and the renovation wave (e.g. new EU forest strategy and the
revision of the Energy Performance of Buildings Directive), no direct reference to the use of bio-based
materials for the renovation wave is made.

In general, it is clear that there is interest in promoting the bio-based sector in Europe. However, the use
of these materials in the context of energy renovation is only mentioned, but not specifically tackled.

3.2 National Energy and Climate Plans & Long Term Strategy

All EU National Energy and Climate Plans (NECPs) have been screened searching for the keywords, “bio-
based”, “wood”, “timber”, “straw”, “cork” “hemp” and “flax” so to find the potentially relevant section to
further read. The same approach has been followed for the National Long Term Renovation Strategies

(LTRSs), although it has been done only for the nine member states that provided their report in English.

As expected, very little was found on bio-based construction materials. Only nine out of 27 member states
mention the word bio-based, but not necessarily linked to the building industry. Austria, Belgium, Bulgaria,
Finland, France, Germany, Ireland, Netherlands and Sweden all mention the future development of bio-
based fuel, products and a bio-based circular economy. Only France mentions bio-based materials as

(4) https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-strategy-for-a-sustainable-built-
environment

(5) https://rreuse.org/stakeholders-call-for-delivery-of-eu-strategy-for-a-sustainable-built-environment/

(°)  https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/package-fit-for-55
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environmentally high performing substitutes in the construction sector. They also plan to support
innovation in the eco-material sectors, which includes the bio-based one, as well the use of wood residues
to facilitate their National Energy Renovation Plan.

The search terms “wood” and “timber” did yield a substantial amount of hits. All 27 member states provide
plans regarding the management of their wood and timber supply. Austria, Denmark, France, Germany,
Latvia, Lithuania, Luxembourg, Portugal, Slovenia and Sweden (10 out of 27) include the (increased) use of
wood in construction in the future. Others mention the increased production of wood-based products,
because of its carbon sequestration potential and the fact that wood can be recycled following the
cascading principle (e.g. construction beam, recycled to particle board, recycled to briquettes to be burnt).
Straw is mentioned almost exclusively as a bio-based fuel source, and only Portugal recognizes the
environmental benefits of cork in its NECP and LTS. This should not come as a surprise since Portugal is the
biggest producer of cork in the world. For that reason, they do not have to cope with the above-mentioned
supply problem of using cork as a construction material.

From this analysis, it is evident that in the EU member states, wood is being prioritized as bio-based
construction material to (partly) substitute conventional materials like concrete and steel in the future.
Other materials like straw, cork, hemp and flax that, as shown before, have potential, are not mentioned
in the NECPs and LTRSs.

3.3 National case studies
3.3.1 France

France is selected since, although not explicitly for energy renovation (as all other member states), it is the
only country explicitly proposing and stimulating the use bio-based materials in construction, inclusive but
not restricted to the wood-based ones. Its NECP highlights the importance of substituting fossil-based
materials with bio-based ones, promoting the use of harvested wood products, and temporary stocking
carbon in bio-based materials. It has put in place other relevant initiatives, such as the new RE2020 (see
below) to stimulate bio-based material use in construction. France has a relatively low market share of
bio-based construction products, but relatively high potential in terms of domestic wood supply.

France not only mentions bio-based construction in its NECP, but also in other reports such as their
“National Low Carbon Strategy” (Ministére de la Transition Ecologique et Solidaire, 2020). The country
highlights the use of bio-based materials in construction and renovation work to reduce the overall
greenhouse gas emissions related to the construction sector. France also has its own Bioeconomy Strategy,
that has been operationalized by the adoption in 2018 of its associated 2018 - 2020 Action Plan (Ministere
de I'agriculture et de I'alimentation, 2018). With this strategy, the country provides a framework for the
sustainable development of the bioeconomy as a whole, with the final goal of transitioning from a fossil-
based to a bio-based economy.

RE2020 (Ministry of Ecological Transition, 2020), the new regulation on the climate and energy
performance of new buildings, is expected to come into force in 2022 and is maybe the most important
national policy measure that should positively influence the uptake of bio-based construction materials.
This regulation has three main goals of reducing the GHG impact of buildings, stimulate the further
improvement in their energy performance and ensure their freshness in summer periods. The long term
goal is to progressively transform the industry as a whole, the involved construction techniques and the
energy consumption of buildings.
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The regulation takes into account the building's emissions over its entire life cycle to reduce the climate
change impact. It will thus stimulate the use of materials with low embodied carbon and strongly
emphasize the positive role bio-based material use in construction can have with this respect. This is done
indirectly thanks to the calculation approach that is required to assess the life cycle impact of the building.
The regulation, in fact, foresees the use of the dynamic LCA method, which weighs more the carbon that
is emitted today than that is emitted in the future. This method thus acknowledges and gives value to the
carbon sink effect of bio-based materials, thus indirectly stimulating its use in the construction sector.
Despite RE2020 does not specifically mention the use of bio-based materials for energy renovation, it
wants to improve the energy efficiency of both new and existing (i.e. to renovate) buildings and it
promotes bio-based materials. This can thus be considered the most important policy measure, probably
in the whole Europe to promote the use of bio-based materials for energy renovation.

As expected, wood is still the dominant bio-based construction material. In France forests covered roughly
a third of France’s territory (Forest Europe, 2020), with an area that increases of 85 000 thousands hectares
yearly on average. According to the industry association, France Bois Forét, the country has enough timber
resources to increase the use of wood as construction material (France Bois Forét, 2019). Although wood
is not traditionally used as a main construction material in France, the RE2020 initiative is expected to
change this in the future.

Table 3-1 lists the relevant policy measures in place to promote the use of bio-based construction materials
in France. Most measures relate to wood-based construction. The scope of this study is more broad and
encompasses other materials as well (e.g. straw, hemp, cork). For that reason, the wood-specific measures
are combined at the bottom of the table.
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Table 3-1

Type Geographic
level

“Batiment Biosourcé”  Label/certification National

List of policy measures incentivizing the use of bio-based materials in construction in France.

Since 2012 Buildings in France can receive this label, certifying that

(Bio-based Building)
label

RE2020

France Relance

Bas-carbone (Low
carbon) label

E+ C- label

4e Programme
d'investissements
d'avenir (PIA4)

Legislation

High-level strategy

Label/certification

Label/certification

High-level strategy

National

National

National

National

National

In the next
few years

2020-2022

Since 2019

Since 2016

2021-2026

they have used bio-based material in their construction
(Fillon, 2012). Several levels of certification are available,
based on the amount of kilograms material per square
meter used.

This is a national building regulation. It is supposed to
provide requirements in terms of environmental
performance for construction works. It considers both the
energy performance and the environmental footprint of
the buildings (Ministry of Ecological Transition, 2020).

This COVID-19 recovery plan includes three development
areas: ecology, competitiveness and cohesion (Ministére
de I'Economie des Finances et de la Relance, 2020). The
plan encompasses bio-based construction in two ways.
First, by promoting the use of bio-based materials in
renovation. Second, it indirectly strengthens the wood-
based construction material sector by aiming for
reforestation and a general support for the timber
industry.

This initiative provides funding for voluntary efforts to
reduce climate impacts (Ministere de la Transition
Ecologique, 2021b). The label works as a signal to other
funders and investors.

The E + C- label was created to support the development
and improvement of low-carbon buildings in France
(Ministére de la Transition Ecologique, 2021a). It was an
experiment to test the ambition to build environmentally
friendly with existing capacities and skills in the
construction sector.

20 billion euros investment over 5 years dedicated to
innovation and support for the recovery plan. The building
sector represents one of the three axes covered in the

strategy.

Wood-specific Name

measures:

e Plan “Immeubles de Grande Hauteur en bois” (High-rise Timber Building Plan)

e  Charte Bois — Construction — Environnement

e  “Plans bois” (Wood Plans) I, Il and IlI

e Campaign “Le bois — c’est essential” (Wood is essential)

e  Contrat stratégique de Filiere Bois (Strategic Contract for the Wood-based value chain)

e Decreen. 2010-273

e  Pacte “Bois Biosourcés” (Biosourced wood pact)

e  Fonds Bois & Plan de relance de la compétivité des scieries (Timber Fund & Sawmill competitiveness revival plan)
e  “France Bois” (France Wood)

e Filiere forét bois — plan recherche innovation (Forest-wood sector - innovation research plan)

France takes on great responsibility regarding the implementation of bio-based construction materials to
reduce environmental impacts of the sector. They translate the general European Commission action plans
well into regional measures. The country even takes it one step further and applies these measures to
future legislation. The RE2020 national building regulation should deeply stimulate the use of bio-based
building materials (not just wood) in the construction sector both in new and renovated buildings. France
has also other measures into action to promote these bio-based materials, although they often focus only
on wood.

Additionally, the country highlights the use of bio-based materials in the renovation context specifically in
their NECP, but they do not specify critical details like which materials to use and where to apply them. It
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is expected that these details will follow after RE2020 is launched. In general, it can be said that France
puts its goal of reaching an established bioeconomy into action quite well, with sufficient consideration
for the construction sector.

3.3.2 Finland

Finland’s national plans and strategies do not mention the use of bio-based construction materials
specifically. However, this does not mean the country does not use such materials in practice. In fact,
Finland traditionally uses massive amounts of wood as a construction material. Today, wood accounts for
about 40% of all construction materials used in Finland, which is some eight times more compared to the
earlier calculated European average (Ministry of Agriculture and Forestry of Finland, n.d.). Roughly 71% of
the land area of Finland is covered by forests (Eurostat, 2018), which makes wood an extremely important
resource. Even if bio-based materials encompass a broader array of feedstocks, the massive availability of
wood and the potential offered to use it in construction makes Finland an extremely important country to
study further. For that reason, together with the fact that Finland is one of the European countries with
the best average energy performance of buildings (European Commission, n.d.), Finland is selected as
second case study.

Not surprisingly, the policy context of Finland focuses on stimulating and promoting the use of wood, with
the country supporting its forest industry through public policies in the past decades. To do so Finland
introduced public wood promotion campaigns and technology platforms, and they removed institutional
obstacles (e.g. revision of fire safety regulations) (Ministry of Agriculture and Forestry of Finland, n.d.).
This resulted in a doubling of sawnwood consumption per capita between 1995 and 2000 (Hurmekoski,
2016).

The main objectives to be achieved by the wood-based industries and activities until 2025 are described
by Finland’s “National Forest Strategy” (Ministry of Agriculture and Forestry of Finland, 2015), which also
emphasizes the importance on further promoting the use of wood in the construction sector in general.
This strategy was adopted in 2015 and updated in 2019. In turn, this strategy was based on the
“Government Report on Forest Policy”, which defines sustainable forest management as a source of
growing welfare (Ministry of Agriculture and Forestry of Finland, 2014).

Similarly to France, Finland has its own “Finnish Bioeconomy Strategy” (LukeFinland, 2017). It is an
overarching strategy to generate economic growth and support a sustainable bioeconomy. More
specifically, the ministry proposes to stimulate the bio-based economy with an output of 100 billion euro
by 2025 and 100 000 new jobs added. They plan to do this by increasing the bioeconomy business and
from the development of high added value products and services, while securing the operating conditions
for the nature’s ecosystems.

The Finish “National Energy and Climate Strategy for 2030” mentions specifically the promotion of the use
of wood as construction material (Ministry of Economic Affairs and Emoloyment of Finland, 2017). They
highlight the potential to store carbon long-term by using such materials. For this reason, wood-based
construction materials are promoted to help reducing the carbon footprint of the entire construction
sector.

Table 3-2 depicts all relevant measures to promote the use of wood-based construction materials in
Finland. No specific bio-based measures are found.
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Table 3-2

m Type

Strategic Programme
for the Finnish forest
sector

National wood
construction / building
programme

Aid scheme for growth
and development
from wood

The Housing Finance
and Development
Centre of Finland
(ARA)

Normative carbon
limits for different
building types

High-level strategy

High-level strategy

Financial aid

Financial aid

Legislation

Geographic

level

National

National

National

National

National

2011 - 2015

2011 -2015
and
2016 - 2022

2021

Since 2013

In the next
few years

List of policy measures incentivising the use of wood-based materials in construction in Finland.

The programme promotes the competitiveness and
renewal of the Finnish forestry sector (Ministry of
Employment and the Economy, 2015).

The programme aims at increasing the use of wood in
construction. It also covers the growth of internationally
competitive wood construction know-how (Ministry of
the Environment, 2019).

The scheme provides support and funding for various R&D
projects (Ministry of the Environment, n.d.).

The agency provides loans to public and private building
projects. If they include the use of wood, the cost can be
partly compensated by the government (ARA, n.d.).

Finland is developing a building code for low-carbon
construction, including normative carbon limits for
different building types. Wood-based buildings have an
advantage because of their long-term carbon storage.

Finland tries to utilise the full potential of its abundance of natural, especially forest-related, resources.
Even though no direct support measures for other bio-based materials in the context of energy renovation
and more generally in construction are found, Finland does support the development of a bio-based
economy. Given that the country has still some margins to increase its wood supply, it is expected that the
use of wood as a construction material can still be increased, maintaining a level of demand that is
sustainable. In addition, the country is planning to increase the amount of timber buildings by launching a
building code to promote low-carbon construction. Due to the carbon sink effect of wood-based materials,
they will have a competitive advantage over other materials when such legislation will be approved.
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4 Key barriers

Key messages:

e lack of economic competitiveness of bio-based products and concerns regarding fire

security, sound insulation and durability are still common from users, although they like
the perceived environmental friendliness of biomaterials.

e Difficult access to capital to develop and market new bio-based products due to high

perceived risk.

e Biomass is a finite resource and, as such, cannot completely replace all other types of

materials.

e Although things are changing in some countries, national norms are not yet bio-based

product friendly e.g. due to conservativeness about fire safety and the lack of
recognition of their environmental advantages.

e At continental level, the support of bioenergy creates a market distortion against the

material sector and the lack of harmonisation in the national standards/certifications is
a challenge.

e General lack of skilled workers and/or formal training programs about bio-based

materials along the value chain, e.g. construction engineers, architects, building
contractors etc.

e Many bio-based products are in initial development and the limited size of the bio-

based market/industries makes it difficult to benefit from e.g. economies of scale and
technological learning effects, which would augment the competitiveness of the bio-
based products on the market.

Multiple potential barriers identified in the previous sections and in the literature are summarised in the
following sub-sections.

4.1.1

Market conditions

Bio-based materials are often not cost-competitive with their fossil-based competitors.

Although bio-based materials are often seen positively from users due e.g. to their perceived
environmental friendliness, still prejudices against their use and their safety and technical
performance exists, although these concerns are often not justified. For example, concerns
regarding fire security, sound insulation and durability are still common (Ranacher et al., 2020).
Also due to its smaller size, the bio-based sectors spend much less on marketing than other
competing markets does (Gustavsson et al., 2006).

The cost of insuring bio-based building is often higher since this type of buildings are put in higher
insurance premium classes from insurance companies (Mahapatra et al., 2012). This is due to the
higher perceived fire risk and the costs of damages due to water and moisture that are higher for
such a type of buildings (GLOBE Advisors, 2016).

Investment barriers and the perception of high investment risk, which lead to difficult access of
capital to develop and market new bio-based products.

Although feedstock supply can be increased, biomass is a finite resource and, as such, cannot
completely replace all other types of material.
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4.1.2

4.1.3

4.1.4

Legal and regulatory

Conservative regulations about fire safety in some places hinder the more widespread use of bio-
based materials (Gustavsson et al., 2006).

Norms often do not recognize the advantageous properties of bio-based materials, e.g. the
environmental ones and those connected to moisture regulation for insulation materials (nova-
Institut, 2015).

The support for the energetic use of biomass, often in terms of subsidies for bioenergy, create a
market distortion that makes feedstocks too expensive and/or difficult to source for the material
sector (nova-Institut, 2015).

Many different certifications exist on the market, with some that overlap and others that are
issued only in specific regions. The often-missing harmonisation of standards and certifications can
be a challenge for bio-based producers. For example, for the wood fibre insulation materials, the
harmonized European Standard EN 13171 has been developed, but something similar does not
exist for e.g. vegetable (flax, hemp, etc.) and animal (sheep wool) fibres (Bos et al., 2018).

Human capacity

Bio-based materials still represent something unfamiliar to many construction engineers,
architects, building contractors and other building consultants. This is often because their
education and/or traditional practices are oriented towards the use of other, fossil-based,
materials (Gustavsson et al., 2006).

General lack of skilled workers and/or formal training programs along the value chain.

Technical

Many bio-based products are in the initial development stage with a technological and market
readiness that is still too low.

Limited size of the bio-based market/industries makes it difficult to benefit from economies of
scale and technological learning effects, which would in turn contribute to make products more
cost-efficient.
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5 Conclusions

The major conclusions that can be drawn from this report are the following:

Bio-based products represent an important but still marginal market in the construction sector.
Wood dominates the market of bio-based material in construction although, especially in the
family of insulation materials, other feedstocks (e.g. hemp and flax) showing very good potentiality
are being more and more used.

Generally speaking, the environmental performances of bio-based materials tend to be better
than their traditional, fossil-based, competitors, although there is a relatively important variability
that depends on the product under consideration and the feedstock used.

Cost-competitiveness of bio-based materials for renovation is still low compared to traditional
products. This represents one of the main hurdles to its more widespread adoption. The fact that
the bio-based sector is and will most probably continue to grow, can positively influence this
aspect.

Even if the supply of bio-based feedstocks can be increased and its use made more efficient with
circular practices, the biomass resource is a scarce and finite resource. Considering also the strong
competition with the bioenergy sector for biomass, bio-based products cannot, also in the best
case, be consider to play a dominant role in the context of the renovation wave but rather a
supporting one.

The limited availability of biomass requires that those uses and products contributing the most to
climate change mitigation or not having cost-effective alternatives are prioritised and that the
potential indirect impact of increased biomass demand in other regions of the world is carefully
considered to avoid burden-shifting.
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List of abbreviations

Abbreviation Name Reference

CLT Cross laminated timber /

EEA European Environment Agency Www.eea.europa.eu

EPS Expanded polystyrene /

ETCCM European Topic Centre on Climate change https://www.eionet.europa.eu/etcs/etc-cm
mitigation

GHG Greenhouse gas(ses) /

GWI Global warming impact /

HDF High density fibreboard /

ICB Insulation cork board /

LTRS Long term renovation strategy /

LTS Long term strategy /

LVL Laminated veneer lumber /

MDF Medium density fibreboard /

NAI Net annual increment /

NECP National Energy and Climate Plan /

0SB Oriented strand board /

PSL Parallel strand lumber /

RMC Raw material consumption /

SWB Strand woven bamboo /

VITO Vlaamse Instelling voor Technologisch https://vito.be/en
Onderzoek

VOC Volatile organic compound /

WPC Wood plastic composite /
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