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Abstract: According to the IEA Global Status Report for Buildings and Construction 2019, one
of the main industry sectors causing environmental impacts is the construction sector. Hence,
construction materials from renewable resources are expected to have a large potential to decrease
these impacts. In this study, a Life Cycle Assessment (LCA) was conducted for four different
insulation materials from renewable feedstock: insulation made from pasture grass, seaweed, reed,
and recycled jute fibres. Additionally, the effects on land use change were evaluated for pasture
grass insulation using the LANCA® methodology. To put the LCA results in relation to those of non-
renewable resources, a comparison of standardized LCA values for conventional insulation materials
is presented. In general, the renewable insulation materials show fewer environmental impacts than
their conventional counterparts. In particular, these materials have advantages regarding greenhouse
gas emissions and their impact on climate change. Of the analyzed materials, seaweed showed the
overall lowest emissions. It can be concluded that insulation materials from non-mineral, non-fossil,
and non-wooden resources are still fairly niche in terms of market share, but they have extraordinary
potential in decreasing the environmental impacts of construction ventures.

Keywords: LCA; insulation material; renewable resources

1. Introduction

Energy demand and the related environmental impacts in the use phase of buildings
are still of high relevance due to high heating demands [1]. In the case of uninsulated or
badly insulated buildings, this can be even more significant. Therefore, thermal insulation
is increasingly demanded at the policymaking level in Germany. Considering the Life
Cycle Assessment (LCA) of buildings and their use phase, the energy savings outweigh the
impacts of insulation materials [2]. However, there still is a high potential for decreasing
environmental impacts. In this context, various insulation materials made from renewable
raw materials have been added to the market. In addition to their fundamentally necessary
high thermal conductivities and heat storage capacities, regenerative insulation materials
contribute to the conservation of resources. This is because they store CO2 during their
lifetime and afterwards potentially substitute fossil resources. Nevertheless, their share
in the German market is still small [3]. According to the “Fachagentur Nachwachsende
Rohstoffe e.V.” (FNR), the market share, shown in Figure 1, of renewable insulation materi-
als in Germany is about 9%, and only around 10% of those renewable insulation materials
are made from non-wood sources; see [4].

Sustainability 2021, 13, 8505. https://doi.org/10.3390/su13158505 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-3327-3350
https://orcid.org/0000-0003-3865-3544
https://orcid.org/0000-0001-9469-9841
https://doi.org/10.3390/su13158505
https://doi.org/10.3390/su13158505
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13158505
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13158505?type=check_update&version=2


Sustainability 2021, 13, 8505 2 of 13

Figure 1. Market shares of insulation material by raw materials in Germany in 2019; Adapted with
permission from FNR, [4].

Since other renewable materials are still niche (see Figure 1), proper environmental
analyses of their life cycle potential are scarce. In order to gain insight into the sustainability
of these materials and be able to evaluate them in terms of their impact on climate change,
an LCA of selected materials is carried out and published in this paper. Insulation materials
made from meadow grass, seaweed, reed, and jute fibers are examined in detail. For an
insulation material made from meadow grass, a land use change assessment (LANCA®) is
additionally conducted.

To give a better overview, the calculated impacts are compared to the environmental
impacts of conventional insulation materials made from mineral and fossil sources. These
impact values are taken from the German Ökobaudat, a standardized, open access database
that contains values for the ecological evaluations of buildings [5].

2. Materials and Methods

In the following, the case study materials and methods applied are laid out and
described in detail.

2.1. Case Study Materials

In this study, the environmental impacts of four different kinds of insulation materials
made from four different kinds of renewable resources were assessed; the source region of
raw material is noted in brackets:

• Meadow grass (Germany);
• Seaweed (Mediterranean Sea);
• Reed (Turkey);
• Recycled jute (Germany).

The insulation material made from reed is harvested and produced in Turkey, while
the other case study materials are all produced in Germany. The raw material used for the
meadow grass is grown in Germany, while the seaweed is collected on the coastlines of the
Mediterranean Sea. The recycled jute is sourced from used cacao and coffee bean bags. As
the defibration is carried out upstream and not part of the insulation material production
process, it is not included in this study. The point of sale for all materials is Germany.
Each insulation material requires specific treatment before production. The respective
production systems and the system boundaries applied in the LCA and LANCA® analyses
are shown in Figures 2–5.
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Figure 2. Production system of the insulation material made from meadow grass.

Figure 3. Production system of the insulation material made from seaweed; striped lining marks the
considered system boundaries.

Figure 4. Production system of the insulation material made from reed.

Figure 5. Production system of the insulation material made from recycled jute.

In line with EN 15804, a “declared unit” was chosen instead of a “functional unit”. This
is due to the fact that a material comparison is performed independent of the functional
application of the type of insulation used (internal, external, roof, floor, etc.) The chosen
declared unit was 1 kg of insulation material. Accordingly, all impacts were calculated and
reported for 1 kg of material to provide a convenient measured value for conversion into
a specific application. An insight into the insulation characteristics of the four different
materials is given in Table 1.
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Table 1. Construction and insulation characteristics of the study materials.

Unit Pasture Grass Seaweed Reed Recycled Jute

Density kg/m3 32–65 65–75 155 34–40

Thermal conductivity W/(m × K) 0.042–0.045 0.046 0.055 0.038

Heat storage capacity J/(kg × K) 2196 2502 n/a 2350

Water vapor diffusion resistance µ 1–2 n/a 6.5 1–2

All the insulation materials show class B2 fire behavior for construction materials
according to DIN 4102-1, meaning they are normally flammable [6]. To reach that level
of fire protection, fire retardants must be added in the production process of the pasture
grass and the jute insulation material. For the materials made from seaweed and reed, no
additional chemical treatment is required. Seaweed has natural fire protection from the sea
salt. The packed plate structure of the reed stem insulation provides sufficient protection
for the B2 level. Further, no mold development has been detected for any of the study
materials according to the respective technical datasheets.

2.2. LCA

The LCA was conducted based on the approach laid out in DIN EN ISO 14040 and
14044 [7,8]. Accordingly, the analysis consisted of four phases. The first step was to define
a research objective and framework. After the scope had been determined, the Life Cycle
Inventory analysis was conducted. In this context, each process step was identified, and
the corresponding data were collected. The third phase was the impact assessment (LCIA),
in which the emissions were classified and characterized with their respective factors for
the selected impact categories. In the case of this study, Global Warming Potential (GWP),
Ozone Depletion Potential (ODP), Acidification Potential (AP), Eutrophication Potential
(EP), Photochemical Ozone Creation Potential (POCP), abiotic depletion potential for non-
fossil resources (ADPE), and abiotic depletion potential for fossil resources (ADPF) were
chosen according to the latest CML methodology from the 5th of September 2016 [9–11].
For this purpose, a model of the production system including all available material and
energy flows was created. The final step included interpreting the results of the impact
assessment. In accordance with DIN EN ISO 14040 and 14044, for LCA studies in the
construction sector the DIN EN 15804 for sustainable construction, which specifies the
general standards, is recommended [12]. This was developed for the preparation of Type
III Environmental Product Declarations (EPD) and firmly established for the comparison
of building products and structures at the ecological level [13]. The standard EN 15804
divides the product system into specific life stages. For the model created, the focus was
placed on the production phase (A1–A3, see Table 1) [12]. This means that the raw material
supply, the transport, and the production at the manufacturing site were considered. In
addition, the disposal of the product packaging, as well as the disposal of the product itself,
or its possibility for reuse as material or fuel (including credits for the generation of energy
through incineration), was included in the model. The use phase was not considered due
to its high level of individuality caused by the specific application scenario and building
type. A detailed overview on the applied life cycle phases and life cycle steps is given in
Table 2.

For the modelling of the production system, version 8.7 ts Professional 2019 of the
GaBi software and database was used [14]. For the calculation of the final results, the
modelling principals given in the CML 2001 Method were applied [9,10]. This selection
was defined in 2017 according to the requirements of the EN 15804 of that year. As there
is no updated version of the CML methodology, the results provide the latest state of the
selected methodology and represent the time of the data collection. The data were collected
in interviews with manufacturers, including respective site visits through questionnaires
during the period 1 January 2018 to 31 December 2019, and checked for plausibility as far
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as possible. Data on energy consumption were partly provided on a product-specific basis.
Otherwise, data on total plants or other infrastructure expenditures were extrapolated
down to the individual products by mass and/or economic value. The production of 1 kg
of insulation material was considered in each case; see above.

Table 2. Modules of the life cycle of construction materials structured according to DIN EN ISO 15804 [12].

Module Life Cycle Phase Life Cycle Step Assessed in This Study

A1

Production phase

Raw material production Yes

A2 Transport of raw materials Yes

A3 Production Yes

A4
Construction phase

Transport to construction site No

A5 Montage (Yes)

B Use phase Use, Maintenance, Repairs, etc. No

C1

Recycling or disposal phase

Dismantling/demolition No

C2 Transport Yes

C3 Waste treatment Yes

C4 Disposal No

D Credits and impacts outside the
system boundaries Reuse, recovery or recycling potential Yes

2.3. LANCA®

For the land use assessment, the LANCA® method (Land Use Indicator Value Cal-
culation) was applied. Here, land use indicators for “transformation” and “occupation”
are provided. “Transformation” addresses the permanent impacts that are caused by the
respective land use but occur after the land use period. For the “occupation”, the impacts
occur during the time of land use. The calculation scheme can be seen in Figure 6. For
the analysis of occupation influences, the soil quality after the regeneration of the area is
compared with the quality during land use. For the transformation impacts, on the other
hand, the soil quality before the land use under consideration is compared with that after
the regeneration of the area [15–17].

Figure 6. Schematic representation of transformation and occupation calculation of LANCA® indica-
tors (Adapted with permission from Bos et al., 2016 [16]).

In this study, the LANCA® impact categories assessed were Erosion Resistance (ER),
Mechanical Filtration (MF), Physicochemical Filtration (PCF), and Groundwater Rejuve-
nation (GWN). All impact categories are given in relation to 1 m2 of soil. No LANCA©
investigation could be carried out for insulation materials made of seagrass and reed, as
aquatic areas are currently not in the design spectrum of the methodology. Since the jute
insulation material is made from burden-free secondary material, the influence of land use
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was not investigated further. The LANCA© study was therefore carried out exclusively
for insulation materials made from meadow grass fibers, since most environmental im-
pacts from farming processes relate directly to their local surroundings. Consequently, the
analysis of land use change was included for this specific product.

3. Results

In the following, the results of the LCA and LANCA® analyses of the four different
insulation materials are displayed and interpreted.

3.1. Insulation Material from Meadow Grass

The insulation material made from meadow grass assessed in this study generally
showed low impacts despite the energy demand of the production process. The production
system closes the production cycle by using waste from the preceding pulping process in
a biogas plant for the creation of electrical and thermal energy. Due to this closed loop,
the resources are almost entirely used and the impacts are hereby reduced within the
production process. The resulting impacts of the assessed modules are listed in Table 3.

Table 3. Environmental impacts of 1 kg of insulation material made from meadow grass.

Module GWP GWP Fossil ODP AP EP POCP ADPE ADPF

Unit [kg CO2 eq] [kg CO2 eq] [kg R11 eq] [kg SO2 eq] [kg PO4 eq] [kg C2H4 eq] [kg Sb eq] [MJ]

A1 1.97 × 10−1 2.12 × 10−1 1.80 × 10−16 1.35 × 10−3 1.92 × 10−3 −1.20 × 10−6 2.81 × 10−5 2.01
A2 1.06 × 10−2 1.06 × 10−2 4.99 × 10−18 2.19 × 10−5 5.32 × 10−6 −7.09 × 10−6 1.03 × 10−9 1.41 × 10−1

A3 1.20 1.02 × 10−1 1.20 × 10−15 3.14 × 10−3 5.74 × 10−4 1.65 × 10−4 1.97 × 10−5 1.90
A5 3.52 × 10−1 6.77 × 10−2 9.57 × 10−17 4.00 × 10−5 8.85 × 10−6 2.73 × 10−6 3.77 × 10−9 4.05
C2 2.75 × 10−2 2.77 × 10−2 1.30 × 10−17 5.69 × 10−5 1.39 × 10−5 −1.85 × 10−5 2.67 × 10−9 7.13 × 10−2

C3 1.38 2.47 × 10−2 2.79 × 10−16 1.33 × 10−4 2.74 × 10−5 1-12 × 10−5 1.52 × 10−8 3.67 × 10−1

D −2.39 −2.40 −8.76 × 10−14 −3.41 × 10−3 −5.58 × 10−4 −2.37 × 10−4 −8.94 × 10−7 3.22 × 10−1

Total 7.67 × 10−1 −1.95 −8.59 × 10−14 1.33 × 10−3 1.99 × 10−3 −8.52 × 10−5 4.70 × 10−5 −2.04 × 10−1

The LANCA® analysis results are shown in Table 4.

Table 4. Results of the LANCA analysis of the meadow gras insulation material.

Impact Category Unit tLN tref

EW t/a −5.07 × 10−3 −4.34 × 10−3

MF cm ×m2/d 7.42 × 105 7.42 × 105

PCF (cmol ×m2)/m2 2.67 × 106 2.12 × 106

GWN (mm ×m2)/a 1.44 × 103 1.86 × 103

The cultivated area of the meadow grass insulation material was extensively managed
and there was no crop rotation in the observation period of 10 years. Since the cultivation
always remained constant and thus no transformation occurred, the effects of land use also
remained constant at the different times of occupation (t1-4). Therefore, only one state of
land use tLN is considered. The reference state tref here is a natural, uncultivated pasture in
central Germany.

This means a land use change for all impact categories, as shown in Figure 7. Herein,
a value of 1 resembles no change, a value > 1 indicates an increase, and <1 indicates a
decrease. For the impact category “Erosion Resistance”, which is, by its nature, given in
negative values, the indication is other way around: a value > 1 indicates a decrease and a
factor < 1 an increase, while a value of 1 means no change.
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Figure 7. Land use change factors of the different impact categories of the LANCA analysis of
insulation materials from pasture grass (EW = erosion resistance, MF = mechanical filtration, PCF =
physico-chemical filtration, and GWN = groundwater rejuvenation).

For the cultivation of pasture grass, an increase in physico-chemical filtration and a de-
crease in erosion potential and groundwater rejuvenation were determined. For mechanical
filtration, no change was determined.

3.2. Insulation Material Made from Seaweed

In Table 5, the environmental impact for the insulation material made from seaweed
is noted. Since the seaweed grows uncultivated and is not harvested, as the dead fibers
are collected by hand on shore, the production of the raw material is considered burden
free. Nevertheless, the incorporation of CO2 into organic matter through photosynthesis is
accredited in this assessment to ensure a closed carbon balance, which results in a negative
GWP. Similar results are shown for ODP, POCP, ADPE, and ADPF.

Table 5. Environmental Impacts of 1 kg of insulation material made from seaweed.

Module GWP GWP Fossil ODP AP EP POCP ADPE ADPF

Unit [kg CO2 eq] [kg CO2 eq] [kg R11 eq] [kg SO2 eq] [kg PO4 eq] [kg C2H4 eq] [kg Sb eq] [MJ]

A1 −1.23 1.81 × 10−2 1.62 × 10−16 2.98 × 10−5 3.98 × 10−6 4.03 × 10−6 4.16 × 10−9 4.74 × 10−1

A2 1.62 × 10−1 1.63 × 10−1 3.84 × 10−17 5.67 × 10−4 1.42 × 10−4 −1.19 × 10−4 1.34 × 10−8 2.17
A3 3.78 × 10−2 3.80 × 10−2 1.21 × 10−15 5.47 × 10−5 7.12 × 10−6 4.46 × 10−6 3.09 × 10−8 6.22 × 10−1

A5 2.33 × 10−2 2.33 × 10−2 3.98 × 10−18 2.12 × 10−6 4.74 × 10−7 1.53 × 10−7 1.58 × 10−10 3.31 × 10−3

C2 1.37 × 10−2 1.38 × 10−2 6.50 × 10−18 2.85 × 10−5 6.94 × 10−6 −9.23 × 10−6 1.34 × 10−9 1.83 × 10−1

C3 1.52 2.51 × 10−2 2.87 × 10−16 1.35 × 10−4 2.81 × 10−5 1.14 × 10−5 1.56 × 10−8 3.27 × 10−1

D −5.53 × 10−1 −5.54 × 10−1 −1.31 × 10−14 −6.19 × 10−4 −1.04 × 10−4 −5.09 × 10−5 −1.44 × 10−7 −6.93

Total −3.20 × 10−2 −2.73 × 10−1 −1.14 × 10−14 1.98 × 10−4 8.43 × 10−5 −1.59 × 10−4 −7.84 × 10−8 −3.15

3.3. Insulation Material Made from Reed

For the production of the insulation material made from reed, the reed is not cultivated
but grows naturally and is harvested in central Turkey. Due to the conversion of CO2
into organic matter through photosynthesis, a negative GWP, meaning the retention of
CO2, is calculated. Similar effects are shown for POCP, ADPE and ADPF. For the impact
categories ODP, EP and AP are positive impacts, meaning emissions into the environment
are calculated as show in Table 6.

3.4. Insulation Material Made from Recycled Jute

The jute fibers used for the production of this insulation material were recycled from
old cacao and coffee bean bags. Following the conservative cut-off criteria, their cultivation
is considered burden-free in this assessment. As with the insulation materials from reed
and seaweed, negative impact values were calculated for the impact categories GWP and
POCP. The reasoning here is the burden-free jute and the credits in module D. The results
are listed in Table 7.
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Table 6. Environmental impacts of 1 kg of insulation material made from reed.

Module GWP GWP Fossil ODP AP EP POCP ADPE ADPF

Unit [kg CO2 eq] [kg CO2 eq] [kg R11 eq] [kg SO2 eq] [kg PO4 eq] [kg C2H4 eq] [kg Sb eq] [MJ]

A1 −2.18 2.15 × 10−1 7.77 × 10−17 1.59 × 10−3 3.74 × 10−4 −6.29 × 10−4 −2.73 × 10−8 2.73
A2 4.14 × 10−2 4.17 × 10−2 1.04 × 10−17 3.92 × 10−4 1.01 × 10−4 −1.86 × 10−4 3.68 × 10−9 5.65 × 10−1

A3 6.96 × 10−1 1.08 × 10−1 2.11 × 10−16 1.63 × 10−3 1.11 × 10−4 7.29 × 10−5 7.40 × 10−9 1.30
A5 4.46 × 10−2 1.55 × 10−3 1.78 × 10−17 7.20 × 10−6 1.59 × 10−6 4.87 × 10−7 7.00 × 10−10 1.31 × 10−2

C2 2.95 × 10−3 2.97 × 10−3 1.39 × 10−18 6.87 × 10−6 1.70 × 10−6 −2.39 × 10−6 2.86 × 10−10 3.92 × 10−2

C3 1.57 1.76 × 10−3 1.09 × 10−9 5.38 × 10−5 2.08 × 10−5 −1.43 × 10−6 −1.57 × 10−6 −3.90 × 10−2

D −5.36 × 10−1 −5.36 × 10−1 −1.27 × 10−14 −5.99 × 10−4 −1.01 × 10−4 −4.93 × 10−5 −1.39 × 10−7 −6.71

Total −3.55 × 10−1 −1.65 × 10−1 1.09 × 10−09 3.08 × 10−3 5.09 × 10−4 −7.95 × 10−4 −1.72 × 10−6 −2.10

Table 7. Environmental Impacts of 1 kg of insulation material made from recycled jute.

Module GWP GWP Fossil ODP AP EP POCP ADPE ADPF

Unit [kg CO2 eq] [kg CO2 eq] [kg R11 eq] [kg SO2 eq] [kg PO4 eq] [kg C2H4 eq] [kg Sb eq] [MJ]

A1 −1.01 4.18 × 10−1 5.39 × 10−15 7.16 × 10−4 1.19 × 10−4 1.07 × 10−4 1.12 × 10−6 8.06
A2 1.39 × 10−1 1.40 × 10−1 6.59 × 10−17 2.89 × 10−4 7.03 × 10−5 −9.37 × 10−5 1.36 × 10−8 1.86
A3 8.74 × 10−2 6.98 × 10−2 1.66 × 10−15 1.41 × 10−4 2.46 × 10−5 9.87 × 10−6 2.67 × 10−8 1.80
A5 1.38 × 10−1 4.92 × 10−2 4.45 × 10−17 1.90 × 10−5 4.20 × 10−6 1.30 × 10−6 1.75 × 10−9 3.34 × 10−2

C2 1.37 × 10−2 1.38 × 10−2 6.50 × 10−18 2.85 × 10−5 6.94 × 10−6 −9.23 × 10−6 1.34 × 10−9 1.83 × 10−1

C3 1.36 2.25 × 10−1 3.92 × 10−16 1.71 × 10−4 2.98 × 10−5 1.22 × 10−5 3.81 × 10−8 3.72 × 10−1

D −7.02 × 10−1 −7.03 × 10−1 −1.62 × 10−14 −7.75 × 10−4 -1.30 × 10−4 −6.44 × 10−5 −1.79 × 10−7 −8.86

Total 2.41 × 10−2 2.13 × 10−1 −8.63 × 10−15 5.89 × 10−4 1.24 × 10−4 −3.73 × 10−5 1.02 × 10−6 3.46

4. Discussion

The overall environmental impacts for the assessed insulation materials from renew-
able resources are very low. Due to credits for energy generation from waste incineration
and the effects of biotic production and photosynthesis, some impact categories even reach
negative impacts, meaning a sequestration of the respective compounds.

For GWP, the least impacts were shown by the insulation material made from reed.
However, even the material made from meadow grass, which showed the highest impacts
within this study, had relatively low values of CO2 equivalent. The life cycle phase with the
highest impacts in GWP is module C3 waste treatment due to applied waste incineration.
However, these impacts are (partly) offset by the credits for energy generation from this
waste incineration in module D. The credits are calculated with a negative demand from
the German grid mix and thermal energy from natural gas. Therefore, a certain amount
of fossil GWP is gained as well. The analysis of fossil GWP showed similar results, with
the exception of the insulation material from meadow grass. Since there is a biogas plant
integrated in the production system, most of its GWP emissions were of a biogenic nature.
In addition, the use of the energy created in said biogas plant avoided the use of the
conventional German grid mix and thermal energy from natural gas and hereby reduced
some amounts of fossil-based greenhouse gas emissions.

For EP and AP, the most crucial phases are the production of raw material and the
production of the material itself (modules A1 and A3). Agricultural processes generally
show high impacts in these categories due to nutrient and salt discharge in the field.

The impact categories ODP, ADPE, and ADPF strongly profit from the credits for
energy generation from waste incineration in module D. In most cases, the credits in
impact equal the impacts from production and low impacts are calculated in these impact
categories. The ODP of the materials made from meadow grass, seaweed, and jute even
show negative values.

For POCP, all insulation materials show a negative impact, meaning an uptake of
C2H4 eq. This derives not only from the credits in module D, but also from the transport
processes involved. Here, it should be noted that the POCP of the CML methodology has
the peculiarity that NO emissions—in contrast to the other existing impact assessment
methods—have a negative characterization factor. The negative factor arises from the fact
that the emitted nitrogen monoxide has the characteristic of binding ground-level ozone
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(NO + O3 → NO2 + O2). This effect is taken into account in the CML characterization
method by a negative value of the NO characterization factor. This leads to negative results,
especially for transport processes, since the effects of the nitrogen monoxide outweigh the
effects of the other emissions caused [9,10]. This can lead to misleading interpretations,
which is why the results in this category should be critically questioned, especially when
making strategic decisions [18]. In addition, the comparability of the results obtained with
the CML method to those of other methods—e.g., ReCiPe [19]—is not given. Therefore,
considering these insulation materials as a sink for POCP should be avoided.

In Figures 8–14, a comparison is given of the four renewable insulation materials and
three conventional insulation materials. Exemplars chosen included the most commonly
used materials: a blow-in insulation (mineral wool), a bulk material (XPS), and a foam
material (solid PIR foam). All the impacts listed were taken from the Ökobaudat [5].

Figure 8. Comparison of the GWP of conventional and renewable insulation materials.

Figure 9. Comparison of the ODP of conventional and renewable insulation materials.
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Figure 10. Comparison of the AP of conventional and renewable insulation materials.

Figure 11. Comparison of the EP of conventional and renewable insulation materials.

Figure 12. Comparison of the POCP of conventional and renewable insulation materials.
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Figure 13. Comparison of the ADPE of conventional and renewable insulation materials.

Figure 14. Comparison of the ADPF of conventional and renewable insulation materials.

In comparison to conventional insulation materials, the analyzed materials from
renewable feedstock generally show less impacts. Only for the impact categories EP and
ADPE did the insulation material made from pasture grass, have higher insulation than
the conventional counterparts.

The study is limited to the selected insulation materials and depends on the primary
data collected which was performed at the production sites. All participating producers
have received the recommendation to use the data collected to initiate a reviewed EPD
certification to verify the results. A sensitivity analysis for the most contributory factors
within the results was performed without the detection of relevant uncertainties. Further
sensitivity analysis regarding the impact assessment methodology was not carried out,
and this is recommended for further research. The given results from CML should be
compared with other characterization models such as EF 3.0 [20]. A further limitation is the
restriction of the LANCA® to terrestrial land use, excluding aquatic areas and biodiversity
impact assessments.

5. Conclusions

In summary, it can be stated that all the assessed insulation materials showed signifi-
cantly less environmental impacts than mineral or fossil-based insulation materials. Each
production system was designed with the intention of giving an environmental advantage
compared to the conventional systems or materials. With closed production loops (pasture
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grass insulation), the usage of waste or yet unused materials (seaweed and jute insulation),
or extremely low treatment requirements (reed), the study materials have a huge potential
as an environmentally friendly insulation alternative. This potential has been underlined
and quantified within this study.

In future assessments, a consideration of the impacts on water use, aquatic area
usage as an extension of the LANCA® approach to aquatic area and biodiversity would
be of interest. Furthermore, since the assessed products are niche products, it would be
valuable to perform a comparative approach for the possible replacement of a considerable
market share of established products such as XPS, mineral wool, or PIR. With the immense
environmental emissions originating from the building sector, eco-friendly alternatives
for construction materials will gain in terms of market share as well as in public demand.
Consequently, further inquiries into alternatives and increased awareness are vital tools to
actively reduce emissions.
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