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• LCA of mushroom production was car-
ried out with peat alternatives as casing
material.

• Peat alternatives caused environmental
trade-offs as casing for mushroom
production.

• Peat alternatives caused <13.5 %
impact change except for fossil resource
use.

• Fossil resource use was largely reduced
by peat alternatives.

• Trade-offs of reducing peat use need to
be identified for more alternatives.
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A B S T R A C T

Button mushrooms are an important protein source with a production of >48 million metric tonnes in 2021.
Several life cycle assessments (LCAs) have been employed in assessing mushroom cultivation. This paper assessed
potential impacts of relevant alternatives (sphagnum moss, grass fibres, spent casing and bark) to peat as casing
materials for mushroom production across Europe by using LCA using a cradle to farm gate approach. Here, we:
i) compared the environmental impacts of mushroom produced with different growing media across Europe ii)
identified environmental hotspots across the value chains of mushroom growing media and iii) provide insights
on the sustainability of mushroom growing media production. Two functional units have been used the kg and €
of harvested mushrooms. Data were gathered from mushroom producers and casing processors across Europe.

Changes in casing material for mushroom production caused environmental trade-offs, by reducing the
resource use for fossil and by moderately changing (<7.7 %) all other impacts assessed here except the bark used
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as casing material which caused a reduction for all impact categories. Thus, each of the casing alternative ma-
terial could substitute peat in mushroom production with limited environmental impacts if productivity does not
decrease. LCA demonstrated advantages or disadvantages of replacing part of the peat casings by other alter-
natives (e.g., sphagnum moss, spent casing, grass fibre, bark). As switching to alternatives becomes more urgent
in the near future, potential trade-offs, advantages and disadvantages of using less peat need to be identified
using a broader range of alternatives.

1. Introduction

The environmental impact of mushroom cultivation has become of
increasing importance in the public society (Goglio et al., 2024; Rob-
inson et al., 2019), as mushroom consumption is about 100 g per capita
per week globally (Royse et al., 2017), and mushrooms are an important
source of non-animal proteins (Goglio et al., 2024). According to FAO-
STAT (2024), mushroom production reached over 48 million metric
tonnes in 2021, with China accounting for 45 Mt. and Europe producing
more than a million tonnes.

Mushroom cultivation requires a lot of external inputs including
electricity, casing substrate, compost and water (Leiva et al., 2015;
Robinson et al., 2019). Button mushroom (Agaricus bisporus ((J.E.Lange)
Imbach) (hereafter referred to as mushroom) is commonly cultivated on
compost topped with a casing layer with peat (Goglio et al., 2024;
Grimm and Wösten, 2018; Robinson et al., 2019). As a secondary
decomposer, the button mushroom grows on a pre-composted material
(Grimm andWösten, 2018), with low soluble sugar content, to avoid the
growth of competitive/parasitic bacteria and moulds.

At commercial scale, phase III compost, occupied by the mushroom
mycelium, is covered by the casing, then fruiting bodies frommushroom
primordia are produced during cultivation (Carrasco et al., 2021). The
compost is generally made up from different types of manure, straw
combinations and gypsum (Gruda, 2019; Leiva et al., 2016; Robinson
et al., 2019). The covering layer, commonly called casing layer, con-
tributes in maintaining mushroom hydration, facilitates nutrient trans-
port to the carpophores, and hosts a diverse microbial community
important in the fructification (Pardo-Giménez et al., 2017; Taparia
et al., 2021).

The casing material affects the mushrooms harvested positively (size
and quality) or negatively (regarding the water holding capacity) (Zied
et al., 2014). Among the casing materials, peat is still the first choice
material for use in the casing growing media for production of button
mushrooms because of its economic and technical features. It has
favourable physical and microbiological characteristics at a favourable
price-quality ratio (Taparia et al., 2021; Wever et al., 2005). However,
peat extraction from natural peatland for horticultural use and mush-
room production comes at an environmental cost. The main environ-
mental concerns are removal of peat leading to CO2 emission due to peat
degradation (Rumpel et al., 2018), loss of ecohydrological functions and
biodiversity (Räsänen et al., 2023; Šimanauskienė et al., 2019). Thus,
several countries across the world restrict the exploitation of peatlands
and stimulate exploration of alternatives (Airaksinen and Albrecht,
2019; Chen et al., 2023; Nordbeck and Hogl, 2023; Strack et al., 2022).
Peatland excavation for horticultural purposes is more limited than
other peatland uses (i.e. cultivation) (Clarke and Rieley, 2019). On the
other hand, alternatives to peat as a casing material may also cause
environmental burdens (Legua et al., 2021; Paoli et al., 2022; Roy et al.,
2020).

Peatlands are considered high carbon reservoirs and high biodiver-
sity areas and the extraction of peat is responsible for its reduction
(Paustian et al., 2016; Renou-Wilson et al., 2019). It is estimated that 32
to 46 % of the global soil carbon is contained in peatland areas (Rumpel
et al., 2018). After it has been exploited, the restoring of peatland is a
very long process which can take up to several decades (Stichnothe,
2022). Further on, restoring peatlands can be difficult and it is largely
affected by environmental and management variables (Renou-Wilson

et al., 2019). Nielsen et al. (2023) reported that the acidity (pH) and
water holding capacity affect the overall greenhouse gas emissions of the
rewetted peatland.

Life cycle assessments (LCA) have been broadly employed in the
environmental assessment of agricultural systems (Goglio et al., 2017),
food products (Poore and Nemecek, 2018) and waste material (Olofsson
and Börjesson, 2018; Vinci et al., 2023). LCA is a very powerful tool to
identify hotspots and environmental trade-offs in long value chains or
waste management systems (Kouloumpis et al., 2020; Robinson et al.,
2019). Several LCAs have been employed in assessing button mushroom
conditions in different countries and cultivation conditions (conven-
tional vs organic) (Goglio et al., 2024; Gunady et al., 2012; Leiva et al.,
2015; Robinson et al., 2019; Vinci et al., 2023), compost and casing
(Leiva et al., 2016; Stichnothe, 2022).

Several peat casing substrate alternatives have been tested for their
suitability for mushroom cultivation. For instance, spent mushroom
substrate has been proposed and assessed to be reused in the next cycle
(Grimm and Wösten, 2018; Vinci et al., 2023). Other substrates such as
autoclaved sawdust, pangola grass (Digitaria eriantha Steud.), primavera
tree (Roseodendron donnell-smithii (Rose) Miranda) and maize-cobs
(Grimm and Wösten, 2018) were tested for button mushroom cultiva-
tion. Other substrates assessed for oyster mushrooms include reed
(Phragmites australis (Cav.) Trin. ex Steud.) straw (Ye et al., 2023).
Several other casing materials have been tested as an alternative to peat
in button mushroom cultivation such as coco-peat, fly-ash, tea waste,
pine bark, green waste compost, perlite and recycled rock wool (Taparia
et al., 2021; Young et al., 2024). Due to the mushroom growth re-
quirements, the range of casing material is more limited than horticul-
tural growing media (Hashemi et al., 2024; Young et al., 2024). Indeed,
many of these growing materials resulted in a low performance in
comparison to peat due to presence of pests and pathogen, or in an
intrinsic poor quality due to low physical characteristics (e.g. low water
holding capacity) or chemistry (e.g. high salinity, accumulation of toxic
residues). The presence of pests and pathogens often required the use of
steaming the material. In a recent productivity and disease assessment, it
was found that grass fibres from agricultural waste, sphagnum moss
(from Sphagnum sp), and recycled spent casing soil can be used to suc-
cessfully substitute peat in mushroom cultivation (Taparia et al., 2021).

Vinci et al. (2023) carried out an LCA of mushroom production using
several compost materials (i.e., poultry manure, horse manure and
straw), however to our knowledge no paper has assessed different casing
materials for mushroom cultivation using LCA. Thus, the present
research has the following objectives: i) compare the environmental
impact of mushroom produced with different growing media across
Europe; ii) identify environmental hotspots across the value chains of
mushroom growing media and iii) provide insights on the sustainability
of mushroom growing media production.

2. Materials & methods

2.1. Life-cycle assessment

2.1.1. System description
Mushroom production systems analysed included an average pro-

duction system for the La Rioja region in northern Spain, a small-scale
organic farm in Serbia, close to Belgrade, and a conventional farm in
Poland. In the Spanish and Polish cases, the conventional mushrooms
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were sold fresh, while most of the organic mushrooms in the Serbian
case were sold dried. In all three cases, the base casing material was
peat. A detailed description of the systems, the scope, and allocation
methods can be found in Goglio et al. (2024). The functional unit used
included kg of harvested mushrooms and € of mushroom outputs, in
agreement with previous research (Goglio et al., 2024, 2017). Fig. 1
provides an overview of the scenarios assessed in the present paper and
the related system boundary.

2.1.2. Scenarios
In the baseline scenario peat is used as the casing material in

mushroom cultivation for three mushroom systems, previously assessed
in Goglio et al. (2024). Peat alternatives analysed in this paper include
grass fibres, sphagnum moss, and spent casing, also called spent mush-
room substrate (SMS) as relevant alternatives, as they resulted as valid
alternatives to peat (Taparia et al., 2021). In the Serbian case, decom-
posed bark was also assessed as this resulted as a valid alternative in
mushroom cultivation at the case study mushroom farm. The technical
performance of these materials in mushroom production (except for
bark) has been discussed by previous research (Taparia et al., 2021;
Young et al., 2024). The use of grass fibres as partial replacement of peat
in the casings layer for mushroom production has been developed in the
Netherlands (Taparia et al., 2021). The alternatives described in Taparia
et al. (2021) are currently not applicable to a small-scale organic
mushroom farm in Serbia, due to the geographical availability of this
material, the logistics and the organic production regulation (EC, 2018).
This Serbian farm is producing mushrooms with the complete replace-
ment of peat by decomposed bark from paper industry in the region. The
steaming of spent casing was accounted for all spent mushroom

substrate scenarios, considering that on-farm or collective steaming of
spent mushroom substrate may be implemented more widely in the
future as a sanitary measure (Cunha Zied et al., 2020), despite the
economic constraints related to the energy prices. In all alternative
scenarios, it was assumed that all inputs and outputs not related to the
casing remain the same as the baseline.

Changes in substrate characteristics due to changes in composition
affect soil respiration. Steaming and inoculation were therefore applied
to the materials to make the alternatives to peat equally productive and
control diseases (Taparia et al., 2021). As there is increasing indications
that peat alternatives can be equally performing without steaming
(Young et al., 2024), the contribution of steaming was reported sepa-
rately for the scenarios where it was assumed to be carried out. In
Table 1, the different scenarios are described.

2.1.3. System boundaries and functional units
The study uses system boundaries from cradle-to-gate, including the

environmental impacts of the processes upstream of the production
chain until the cultivation gate (Fig. 1). The processes included are
production of energy required for cultivation, compost production,
casings (including inoculum) production, spawn production, and other
inputs, transport of inputs, mushroom cultivation, and waste treatment.
Capital inputs including the facility and machinery manufacturing and
their associated environmental impacts are also included (Fig. 1). Two
functional units have been employed for this LCA scenario assessment 1
kg of harvested mushrooms and 1 € of harvested mushrooms according
to previous research (Goglio et al., 2024, 2017; Nemecek et al., 2011).

Fig. 1. Flow chart of processes included in the life cycle assessment (production of capital goods, energy, water and material inputs and transport not shown); (1)
Peat (baseline for all 3 cases); (2) Sphagnum moss (alternative for Spanish & Polish cases); (3) Grass fibres is alternative (Spanish & Polish cases); (4) Decomposed
bark (alternative for Serbian case); (5) Spent mushroom substrate (alternative for all three cases (Spain, Poland, Serbia)).
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2.1.4. Allocation
Economic allocation was applied to the data used for inputs, such as

grains for spawn production and straw for compost production, in
agreement with Goglio et al. (2024). Manure used to produce compost
was treated as a waste, thus no upstream environmental impact was
allocated at the animal farm gate to manure production (ISO, 2006a,
2006b). Roadside grass/verge harvesting is carried out for road safety
reasons. Thus, the environmental impact related to this activity was
attributed to road maintenance. The harvested grass/verge can be
considered as a waste and sent to waste treatment. Alternatively, it can

be transported to processing facilities where it is converted into prod-
ucts, such as grass fibres, as considered in the present research. In that
case, the additional transport was attributed to the grass fibre product.
Fibre grass production results in wastewater which is then anaerobically
digested in anaerobic digestor to produce biogas. The same way the
environmental impact of transport and processing of the roadside grass/
verge is completely attributed to the grass fibres, the environmental
impact of wastewater processing (anaerobic digestion) is completely
attributed to the biogas. Thus, no environmental impact of any activities
related to the wastewater after leaving the grass fibre substrate material
production process is attributed to the grass fibre substrate material.

2.1.5. Impact assessment
Six relevant impact categories, which are often reported for mush-

rooms, were selected in this research: climate change with a 100 year
horizon, freshwater and marine eutrophication, acidification, abiotic
resource depletion-fossil fuels and water scarcity, as previously carried
out (Goglio et al., 2024). The results were calculated using the Envi-
ronmental Footprint 3.1 Method (Andreasi Bassi et al., 2023) for climate
change, fossil resource energy carrier use, and water scarcity; ReCiPe
2016 Midpoint (H) for freshwater and marine eutrophication and
terrestrial acidification, Van Oers et al. (2002) for abiotic resource
depletion and Boulay et al. (2018) for water scarcity as implemented in
SimaPro 9.5 (2023).

2.2. Inventory data and data processing

2.2.1. Mushroom production
The data for the three case studies are extensively described in Goglio

et al. (2024) which are the baseline (BASE) scenarios. Table 2 shows the
most relevant inputs and yield data. The following subsections describe
the data and assumptions for the materials alternative to peat as a casing
material.

2.2.2. Grass fibre production
The process of producing grass fibre substrate is described in detail

by Taparia et al. (2021). In summary, the grass fibres are produced by a
patented biorefining process which converts non-woody biomass into
lignocellulosic fibres (Vos and Rustenburg, 2016). The grass fibre sub-
strate is produced from roadside grass silage. The heat energy demands
for the process are met by producing and combusting biogas from the
leftover grass-juice. All the water used in this process is cleaned and
recycled within the biorefinery. Grass fibres can proportionally replace
50 % of the peat volume in the casing soil without affecting the
productivity.

To control pathogens, it was assumed that the grass fibres requires
steaming which was assumed to be carried out by a substrate producer
with natural gas as the energy source (Taparia et al., 2021). It was also
assumed that the grass fibres were inoculated with the biostimulants
containing Bacillus velezensis CM5, CM19 and CM35 (Carrasco and
Preston, 2023), Pseudomonas fluorescens SBW25 (Rainey and Bailey,
1996), and Pseudomonas putida PMS118R and PMS118S (Rainey et al.,
1991) for making the material suitable for mushroom production. Data
for the production of the bacterial inoculum were based from the
upscaling of the lab experiment data (Carrasco and Preston, 2023; Moni
et al., 2020). The inputs and outputs data of the steamed grass fibres are
shown in Table 3.

In the GRASS PL/ES and GRASS NL scenarios, 50 % of the peat
volume in the Polish and Spanish cases baseline system casings
described by Goglio et al. (2024) was replaced by grass fibres. The grass
fibres are currently produced in the Netherlands, which means that the
material needs to be transported to the production locations in Poland
and Spain. These were the assumptions for the GRASS NL scenarios.
Instead, in the GRASS PL/ES scenario, it was considered that grass fibres
are produced locally with local sourcing of residual materials, such as
grass silage or plant residues.

Table 1
Scenario descriptions.

Scenario Spanish case Polish case Serbian case

BASELINE 30 % black and 70
% blond/white
peat

100 % black peat 100 % white peat

GRASS_NL 50 % of the peat
volume is replaced
by grass fibres
produced in the
Netherlands from
grass residues,
which are
transported to
Spain by road

50 % of the peat
volume is replaced
by grass fibres
produced in the
Netherlands from
grass residues,
which are
transported by boat
to Poland

Not applicable

GRASS_ROAD Not applicable 50 % of the peat
volume is replaced
by grass fibres
produced in the
Netherlands from
grass residues,
which are
transported by road
to Poland

Not applicable

GRASS_PL Not Applicable 50 % of the peat
volume is replaced
by grass fibres
produced in Poland
from grass residues

Not applicable

GRASS_ES 50 % of the peat
volume is replaced
by grass fibres
produced in Spain
from available
residual plant
material

Not applicable Not applicable

MOSS_BC 50 % of the black and white peat volume
substrate in the casings is replaced by
sphagnum moss; due to the large variation
in soil carbon sequestration and release
from Sphagnum moss cultivation as
different levels of drainage or water
saturation can be found, best case
(MOSS_BC) scenarios are applied.a

Not applicable

MOSS_WC 50 % of the black and white peat volume
substrate in the casings is replaced by
sphagnum moss; due to the large variation
in soil carbon sequestration and release
from Sphagnum moss cultivation as
different levels of drainage or water
saturation can be found, worst case
(MOSS_WC) scenarios are applied.a

Not applicable

SPENT casing 50 % of the peat volume is replaced by spent substrate. The spent
substrate is steamed by the producer. The impact of 25 km transport
to and from the steaming facility is considered.

BARK Not applicable 100 % of the peat in
the Serbian case is
replaced by several
years old
decomposed bark
from cellulose
paper industry in
Serbia.

a Details of the scenarios were presented in Section 2.2.3.
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2.2.3. Sphagnum moss production
For the sphagnum moss peat scenarios (MOSS), it was assumed that

50 % of the peat volume in the casings can be replaced by sphagnum
moss, following indications from previous research (Taparia et al., 2021;
Young et al., 2024). This substrate material is harvested from peatlands
which have been managed to grow Sphagnum sp moss species. For this
scenario Ecoinvent 3.9 on sphagnum moss production for horticultural
use (Von Post scale of H1-H4; (Van Post, 1924)) in Quebec, Canada was
modified for Finnish and Sweden conditions (Wernet et al., 2016). In
particular, the electricity market and geography-specific water flows
were adapted for production in Finland and Sweden (assuming 50 %
from each country). The carbon dioxide exchange between the peat soil

and the air in the process was also adapted for European conditions. As
only the net emissions are reported in the dataset and is specific for the
situation in Quebec, Canada, we replaced the net CO2 emissions by
another source for European conditions. Oestmann et al. (2022) found a
range of CO2 exchanges in sphagnum moss cultivation between − 0.6
and 2.2 t CO2-C ha− 1 y− 1 in Northwestern Germany. These values were
used as best MOSS_BC and worst case MOSS_WC estimates for the carbon
dioxide exchange between the peat soil and the air in the Swedish and
Finnish sphagnum moss cultivation in the MOSS scenarios (Table 3).

2.2.4. Spent casing and decomposed bark
In the SPENT scenarios, it was assumed that 50 % of the peat in the

casings can be replaced by steamed spent mushroom substrate, in
agreement with previous findings (Young et al., 2024). The spent casing
was assumed to be transported 25 km to and from the steaming facility.
Data for steaming were taken from Baar et al. (2005).

Considering the organic production regulation for the Serbian case
and the small scale of the operations there, the grass fibre, moss and
spent substrate scenarios cannot be applied (EC, 2018). However,
SPENT casing scenarios were still assessed as potential scenarios,
following discussions with the mushroom growers. As several years old
decomposed bark from cellulose paper industry in Serbia is available
and the performance of the mushroom production appears to be suc-
cessful in this case, we considered this scenario to the Serbian case in the
BARK scenario. As the bark is a waste product of the paper industry, no
impact from production was considered. So, only packaging and trans-
port were included.

2.2.5. Carbon balance
The compost and casings in the substrate contain substantial quan-

tities of carbon, which is mainly released as carbon dioxide due to
oxidation and partly as methane due to anaerobic conditions of the
compost during composting (Fryda et al., 2018; Hashemi et al., 2024;
Saer et al., 2013; Stichnothe, 2022). The carbon stored in the peat
substrate is considered as long-term storage, in agreement with the IPCC
definitions (IPCC, 2019). The carbon of all other substrate materials
were considered as short-term storage, which means that carbon dioxide
emissions from these materials did not have any impact to climate
change (Saer et al., 2013). The complete balances of the different sub-
strate materials were calculated, including carbon dioxide uptake up-
stream and release downstream of the mushroom production.

The carbon content of compost at start was assumed to be 14 %.
Spent casing and decomposed bark substrate are assumed to have the
same carbon content as peat substrate. The dry matter carbon content of
grass fibre substrate and sphagnum moss substrate was assumed the
same as of peat substrate (0.45 kg carbon per kg dry matter) (Adamovics

Table 2
Most relevant inputs and yield data. The table presents data for the scenarios for each specific case (Spanish, Polish and Serbian case).

Input/output Unit Spanish case (conventional) Polish case (conventional) Serbian case (organic) Source

Yield kg m− 2 year− 1 276 274 274 Primary data
Number of cycles per year # year− 1 8 9.36 8 Primary data
Compost use per year kg m− 2 year− 1 723 721 1233 Primary data
Compost use per cycle kg m− 2 cycle− 1 90 77 154 Primary data
Compost use per kg mushroom kg kg− 1 mushroom 2.62 2.63 4.50 Primary data
Casings use per year kg m− 2 year− 1 170 168 482 Primary data
Casings use per cycle kg m− 2 cycle− 1 21 18 60 Primary data
Casings use per kg mushroom kg kg− 1 mushroom 0.62 0.62 1.8 Primary data
Peat use (in casings) kg kg− 1 mushroom 0.38 0.62 1.8 Primary data
Electricity use kWh kg− 1 mushroom 0.20 0.36 0.38 Primary data
Heat use from wood kWh kg− 1 mushroom 0.90 0 0 Primary data
Heat use from diesel kWh kg− 1 mushroom 0.90 0 0 Primary data
Heat use from natural gas MJ kg− 1 mushroom 0 0 0.58 Primary data
Peat bulk density kg d.m. m− 3 300 300 300 Primary data
Grass bulk fibre density kg d.m. m− 3 255 255 – Primary data
Moss bulk density kg d.m. m− 3 100 100 – Martineau (2013)
Bark bulk density kg d.m. m− 3 – – 300 Assumption
Spent substrate density kg d.m. m− 3 300 300 300 Assumption

Table 3
Inputs and outputs of the grass fibre substrate production and Sphagnum moss
production. This data have been used in the life cycle inventory for the grass
fibres scenarios.

Scenario Input/output Amount Unit Source

Grass fibre Moisture of the
grass fibre casings

30 % Confidential,
primary data

Density of the grass
fibre casings

0.255 kg d.m.
dm− 3

Confidential,
primary data

Roadside grass
(16.5 % dry
matter)

4.55 kg kg− 1

casing
Confidential,
primary data

Distance from
grass supplier

40 Km Confidential,
primary data

Packaging film for
silage

5.68 g kg− 1

casing
Remmelink et al.
(2011)

Electricity (from
the grid)

0.156 kWh kg− 1

casing
Confidential,
primary data

Heat from biogas 0.0675 MJ kg− 1

casing
Confidential,
primary data

Natural gas for
steaming

0.60 MJ kg− 1

casing
Baar et al. (2005)

Triptone (Sigma) 2.2 g m− 2 Primary data
Yeast extract
(Sigma)

1.1 g m− 2 Primary data

Salt (naCl) 2.2 g m− 2 Primary data
distilled water 4 L m− 2 Primary data
Electricity 0.54 kWh m− 2 Primary data

Sphagnum
moss

Yield 2.5 t dry
matter
ha− 1

Wernet et al.
(2016)

Density 100 kg dry
matter m-3

Wernet et al.
(2016)

CO2 exchange at
high water table

− 0.6 t CO2-C
ha− 1 y− 1

Oestmann et al.
(2022)

CO2 exchange at
low water table

2.2 t CO2-C
ha− 1 y− 1

Oestmann et al.
(2022)
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et al., 2018; Garnier and Vancaeyzeele, 1994; Shetler et al., 2008; Vin-
giani et al., 2004). All loss of stored carbon in the trees (including the
bark) was attributed to the main product (paper), as decomposed bark is
a waste of the paper industry, in agreement with the ISO standards (ISO,
2006a, 2006b).

2.3. Contribution and uncertainty analyses

A contribution and uncertainty analysis was carried out in agreement
with the ISO standards (ISO, 2006a, 2006b). The changes in the
contribution of different environmental impact sources as reported in
Goglio et al. (2024) were analysed to get a better understanding of the
main environmental impact sources in the different scenarios.

An uncertainty analysis was carried out in line with previous LCA
research (Bisinella et al., 2021; Manzano et al., 2023; Mendoza Beltran
et al., 2018) and the LCA related standards (ISO, 2006a, 2006b). For the
uncertainty analysis, triangular distributions with a minimum and
maximum of 10 % below and 10 % above the measured material and
energy inputs were assigned. For water, we assigned minimum and
maximum of 20 % below and above the measured amount, because this
input is known to vary more than the other inputs. The mushroom yield
was assigned a triangular with a minimum of 25 % below the measured
and a maximum of 20 % above, because the yield depends on many
factors that cannot be controlled completely, in some cases with higher
yields, but likely more often with lower yields.

Monte Carlo analysis was applied comparing each scenario with the
baseline for the three case studies, using 10,000 runs in SimaPro 9.5
(2023). The 95 % confidence intervals of the difference in impact are
shown in the results. The uncertainty analysis was carried out for the
parameters which could affect the differences among the scenarios on
the basis of the contribution analysis and the overall results. The sta-
tistical significance between the baseline and each scenario was tested
with the Welch test using R software (R Development Core Team, 2005;
Rosner, 2011).

3. Results

3.1. Absolute results

The absolute results per kg of harvested mushrooms and per € of
harvested mushrooms (Tables 4, 5) showed only small differences

compared to the baseline<7.7 %, with some exceptions. These were due
to the limited contribution of the casing production to the overall
mushroom impacts for most of the categories excluding resource use
(<16.9 %). These included the BARK scenario resulted in a 13.5 % lower
impact on climate change than the BASE scenario for the Serbian
mushroom systems and the impacts on fossil resource use (2.6 %–59.5 %
change for the scenario analysed vs the corresponding BASE scenario)
(Table 4). Further, the water deprivation of the BARK scenario vs the
BASE scenario was reduced for the Serbian systems (10.3 % less, Ta-
bles 4, 5). As the bark required limited processing for casing production
in comparison to the other material; resource use impact was largely
affected by the peat consumption which was considered in the impact
assessment method as a non-renewable material (Andreasi Bassi et al.,
2023); while the other impacts were less influenced (Andreasi Bassi
et al., 2023; Boulay et al., 2018; Van Oers et al., 2002).

In particular for resource use, energy carriers, the Serbian case has
the highest impact of fossil resource use (29.9 MJ kg− 1 of harvested
mushrooms, Table 4) and thus the largest potential for reduction.
Considering the mushroom price, however, the Spanish case has the
highest impact (11.5 MJ €− 1 of harvested mushrooms, Table 5) and thus
the highest potential for reduction. In the following sections, the dif-
ferences compared to the baseline are analysed in more detail per case.

3.2. Contribution analysis results

The relative contribution of casing production and peat oxidation in
the Spanish case BASE scenario to fossil resource use on the overall
mushroom production was 42.3 %, for climate change 9.2 %, while to all
the other environmental impacts analysed here was <2 % on a per kg of
mushroom basis. In the case of the Polish system in the BASE scenario,
the casing production resulted in a large relative contribution only for
the fossil resource use (31.9 %) but far less (<2.8 %) to all the other
environmental impacts. In a similar manner to the Spanish case, for the
Serbian system, the casing production contributed in the BASE scenario
largely only to fossil resource use (62.0 %), climate change (16.9 %),
water use (11.9 %) and to a more limited extent to the other analysed
environmental impact.

This was due to the larger use of casing in comparison to the other
two systems (1.8 kg of casing kg− 1 of mushrooms for the Serbian systems
vs 0.62 kg of casing kg− 1 of mushrooms). The large contribution to fossil
resource use is because peat was accounted as a fossil resource, therefore

Table 4
Environmental impacts per functional unit (FU) (FU: 1 kg of harvested mushrooms at harvest).

GWP100 Freshwater eutrophication Marine eutrophication Terrestrial acidification Resource use, fossils Water use

kg CO2-eq. FU− 1 g P eq. FU− 1 mg N eq. FU− 1 g SO2 eq. FU− 1 MJ FU− 1 m3 depriv. FU− 1

Spanish case
BASE 0.521 0.203 264 5.44 9.08 1.71
GRASS_NL 0.535 0.211 265 5.47 7.76 1.71
GRASS_ES 0.523 0.206 264 5.46 7.69 1.71
MOSS_BC 0.499 0.203 264 5.44 7.29 1.70
MOSS_WC 0.512 0.203 264 5.44 7.29 1.70
SPENT 0.511 0.203 264 5.42 7.37 1.70

Polish case
BASE 0.931 0.695 966 19.3 9.32 0.135
GRASS_ROAD 1.000 0.708 968 19.5 9.07 0.138
GRASS_NL 0.983 0.706 967 19.5 8.83 0.137
GRASS_PL 0.989 0.748 969 19.6 8.79 0.138
MOSS_BC 0.893 0.695 966 19.4 8.10 0.131
MOSS_WC 0.978 0.695 966 19.4 8.10 0.131
SPENT 0.951 0.692 966 19.3 8.07 0.128

Serbian case
BASE 1.55 2.34 772 25.5 29.9 0.203
BARK 1.34 2.25 765 25.0 12.1 0.182
SPENT 1.48 2.30 769 25.3 21.5 0.193
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non-renewable (IPCC, 2019).
In the different alternative scenarios to the BASE scenarios for all the

three cases analysed here (Spain, Poland and Serbia), the relative con-
tributions of casing production to fossil resource use of mushroom
production ranged from 6.2 to 47.1 % (in all cases a considerable
reduction compared to the baseline), climate change − 1.3 to 12.9 % (in
the best case, carbon is sequestered during sphagnum moss cultivation
(Oestmann et al., 2022)), freshwater eutrophication 0.2 to 8.1 %, water
use 0.8 to 8.0 %, marine eutrophication range from 0.0 to 0.6 %,
terrestrial acidification from 0.1 to 1.6 %. Thus, different peat alterna-
tives affected mostly resource use and climate change, while the other
impact categories were minimally changed. Indeed, the change in casing
material influenced the greenhouse gas emissions, the fuel and the peat
use during the casing material production.

Limited changes were obtained with regards to electricity and
compost contribution to climate change in the Spanish scenarios which
showed a 10.4–11.2 % range for the first process and 44.9 %–48.1 %
range for the second process. Instead, the contribution of electricity
production in the Polish case to climate change was 37.9 % in the
baseline and decreased down to 35.3–35.9 % in the grass fibre scenarios,
to 36.1 % in the MOSS_WC scenarios, and to 37.1 % in the spent sub-
strate scenario. Further, the contribution of compost production in the
Polish case to climate change was about 49.4 % in the baseline and was
reduced down to 46.0–46.8 % in the grass fibre scenarios, to 47.1 % in
the MOSS_WC scenarios, and to 48.4 % in the spent casing scenario.
Instead for both MOSS_BC for the Spanish and Polish Systems, the
contribution to the overall climate change impact of compost production
increased up 39.5 % in the Spanish system and 51.5 % in the Polish
system. Conversely in the Serbian case, the contribution of electricity
production in the Serbian case on climate change, which was 25.2 % in
the baseline, increased to 29.1 % in the BARK scenario, and 26.4 % in
the SPENT scenario. A similar pattern was found in the Serbian case for
compost production which contributed to 48.4 % in the baseline but
higher contribution were observed in the bark scenario (55.9 %) and the
spent substrate scenario (50.7 %).

In all three cases, the contribution of electricity production to fossil
fuel use was subject to an increase in all the alternative scenarios to the
baseline. The largest change was obtained for the Serbian system with a
contribution increase from 13.8 % of the baseline to >19.2 % for all the
other alternative scenario for the Serbian case, while the other cases (i.e.
the Spanish and the Polish case) have a smaller change up to 5.4 % for all

the alternative scenarios to the baseline.
In a similar manner, also for the compost production the contribution

to fossil resource use increased in the alternative scenarios for all the
three cases. The lower change in contribution was observed between the
contribution in the Polish BASE scenario and the other Polish scenarios
(0.5 %), while the largest change in contribution was between the BASE
scenario in Serbia and the alternative scenarios in Serbia (28.8 %). The
Spanish case resulted in a change in contribution of the compost pro-
duction between the previous two cases (3.4 %–4.7 %).

3.3. Grass fibre scenarios

In the grass fibre scenarios of the Spanish and Polish cases, we found
small increases compared to the baselines scenario in the climate change
(between 0.5 and 7.8 %) and freshwater eutrophication (between 1.4
and 8.0 %), based on the uncertainty analysis results (Fig. 2a, ES:
Spanish system; PL: Polish system; RS: Serbian system). This is partly
due to a higher energy use for production of grass fibres and steaming
(representing 1.9 % of the total climate change for the Spanish systems
and 1.6–1.7 % in the Polish systems). In the Spanish case, the effect was
smaller when the grass fibre was produced in Spain (0.5 % for climate
change and 1.4% for freshwater eutrophication) than in the Netherlands
(2.8 % for climate change and 4.0 % for freshwater eutrophication), due
to transport distances. For the Polish case, the increase is also due to a
larger transport distance when produced in the Netherlands for the
GRASS scenarios (between 5.9 and 7.8 % for climate change and 1.7 and
2.0 % for freshwater eutrophication), or when the grass fibres are pro-
duced in Poland (6.5 % for climate change and 8.0 % for freshwater
eutrophication) (Fig. 2a). The fossil resource use on the other hand,
decreased between 2.6 and 15.9 %. This was because peat was consid-
ered as a fossil resource (IPCC, 2019). In the Spanish case, the reduction
was much larger (between 15.3 and 15.9 %) than in the Polish case
(between 2.6 and 5.8 %) (Fig. 2a), because the contribution to fossil
resource use of the peat use was smaller in the Polish case, and the
reduction was partly compensated in the Polish case by larger transport
distance or higher fossil energy use for the electricity. For fossil resource
use, steaming represented 1.9 % of the overall impact while for the
Polish systems 2.6–2.7 %.

The confidence intervals between each scenario and impact cate-
gories overlapped except for fossil resource use for the scenarios eval-
uated. Further the Welch test showed significant differences across

Table 5
Environmental impacts per functional unit (FU) (FU: 1 € of harvested mushrooms at harvest).

GWP100 Freshwater eutrophication Marine eutrophication Terrestrial acidification Resource use, fossils Water use

kg CO2-eq. FU− 1 g P eq. FU− 1 mg N eq. FU− 1 g SO2 eq. FU− 1 MJ FU− 1 m3 depriv. FU− 1

Spanish case
BASE 0.659 0.257 334 6.88 11.5 2.16
GRASS_NL 0.677 0.267 335 6.93 9.82 2.16
GRASS_ES 0.662 0.261 335 6.91 9.73 2.16
MOSS_BC 0.632 0.257 334 6.88 9.23 2.16
MOSS_WC 0.648 0.257 334 6.88 9.23 2.16
SPENT 0.647 0.257 334 6.86 9.32 2.15

Polish case
BASE 0.838 0.625 869 17.4 8.39 0.121
GRASS_ROAD 0.900 0.637 871 17.5 8.17 0.124
GRASS_NL 0.885 0.635 870 17.5 7.95 0.123
GRASS_PL 0.890 0.673 872 17.6 7.91 0.124
MOSS_BC 0.804 0.625 869 17.4 7.29 0.118
MOSS_WC 0.880 0.625 869 17.4 7.29 0.118
SPENT 0.856 0.623 869 17.4 7.26 0.115

Serbian case
BASE 0.262 0.395 130 4.31 5.05 0.0343
BARK 0.227 0.379 129 4.22 2.05 0.0308
SPENT 0.250 0.388 130 4.26 3.63 0.0326
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Fig. 2. Percentage change in environmental impact of the peat alternative vs the baseline (SP: Spanish case; PL: Polish case; RS: Serbian case); a) grass fibre scenarios
compared to the baseline (GRASS_NL: grass fibre produced in the Netherlands; GRASS_ROAD: grass fibre produced in the Netherlands transported to Poland by road;
GRASS_ES: grass fibre produced in Spain; GRASS_PL: grass fibre produced in Poland); b) Sphagnum moss scenarios compared to the baseline (MOSS_BC: Sphagnum
moss best case scenario with net carbon sequestration in the soil; MOSS_WC: Sphagnum moss worst case scenario with net carbon release from the soil); c) spent
substrate scenarios (SPENT) compared to the baseline; d) bark scenario (BARK) compared to the baseline; error bars represent the 95 % confidence interval on the
absolute differences between the alternative scenarios and the baseline.
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scenarios and impact categories, as previously discussed (Greenland
et al., 2016).

3.4. Sphagnum moss scenarios

The sphagnum moss scenarios had a smaller impact on climate
change (between 1.7 and 4.4 % reduction) than the baseline scenarios,
except for the worst case scenario in Poland, which had a slightly larger
impact (5.3 %) (Fig. 2b). The impact depended upon water saturation
level in the sphagnum moss field, affecting CO2 emissions, which can
vary highly between sphagnum moss cultivation areas. Changes of
sphagnum moss scenarios on freshwater eutrophication, marine eutro-
phication, terrestrial acidification, and water use were smaller than 0.3
%, except for water use in Poland, which decreases by 2.6 % (for both
best and worst case scenarios). Fossil resource use decreased by between
20.6 and 20.8 % in the Spanish case and 13.8 % in the Polish case
(Fig. 2b). The 95 % confidence interval did not overlap in all sphagnum
moss scenario cases where the differences compared to the baseline are
larger than 1 % and in all of these cases the confidence interval overlaps
and the Welch test showed significant differences at p < 0.05.

3.5. Spent casing scenarios

The spent casings scenarios had a slightly lower impact than the
baseline in most cases and impact categories, mainly because less long
distance transport of peat is required. Only in the Polish case, the climate
change impact was slightly higher (2.3 %) (Fig. 2c). The fossil resource
use impact was considerably smaller, similar to the sphagnum moss
scenarios (between 14.3 and 29.5 % reduction), where the largest
decrease is found in the Serbian case due to the large contribution of
peat to this impact category in the BASE scenario (62.0 %). Further
reduction (up to 3.1 % for all the impact categories, while for the impact
on climate change 1.7 %–3.1 %) could be achieved without steaming.

The 95 % confidence interval did not overlap in all spent substrate
scenario cases where the differences compared to the baseline are larger
than 1 %. In all of these cases, the Welch test showed significant dif-
ferences at p < 0.05.

3.6. Bark scenario

The BARK scenario in the Serbian case resulted in a 14.1 % reduction
in climate change impact, 62.1 % reduction in fossil resource use, 10.8%
reduction in water use, and smaller reductions in the other impact cat-
egories (Fig. 2d). This was due to the limited processing necessary for
casing production from bark. The 95 % confidence intervals did not
overlap in all impact categories, except for marine eutrophication.
However, the Welch test showed significant differences between the
BARK scenario and the baseline at p < 0.05.

4. Discussion

4.1. Environmental benefits and trade-offs

The potential environmental benefits of the casing alternatives to
peat are substantial for the fossil resource use impact category. How-
ever, this only represented a decrease in demand of peat as fossil
resource. Potential loss of biodiversity and ecosystems services by
extracting peat from natural wetlands are not represented by the
selected environmental impact indicators, but there is no reliable indi-
cator available at the moment to apply in LCA (Curran, 2013; van der
Werf et al., 2020). Nonetheless it is quite well known that peatlands are
responsible for a large amount of greenhouse gas emissions when they
are dried (Oestmann et al., 2022; Paustian et al., 2016; Rumpel et al.,
2018). However, horticultural uses have limited contribution to peat-
land exploitation in comparison to other uses (Clarke and Rieley, 2019).

The main reason for evaluating alternative casings materials is the

decreasing peat availability due to increasing governmental restrictions
and peatland conservation policies essential to preserve biodiversity
(Airaksinen and Albrecht, 2019; Chen et al., 2023; Renou-Wilson et al.,
2019; Strack et al., 2022). Besides, environmental cost of peat used in
mushroom cultivation is also significant while covering long distances
from peatlands to growing facilities (Navarro et al., 2021; Robinson
et al., 2019). Thus, differently than common LCA carried out, this
research did not focus only on the performance of the alternatives
compared to peat, but also identifying substantial trade-offs among
impact categories. The differences among the various scenarios resulted
in <7.7 % change among the peat alternatives tested here and across all
impact categories, excluding resource use with 59.5 % change and the
BARK scenarios which had up to 13.5 % impact reduction. In some
Polish case scenarios there may be an increase of>5% in climate change
and freshwater eutrophication due to electricity use for grass fibre
production, transport of grass fibre, or release of soil carbon in worst
case Sphagnum moss cultivation. However, these trade-offs may be
addressed by switching to renewable energy sources when these become
economically viable (Cunha Zied et al., 2020), avoiding steaming
(Young et al., 2024) and ensuring water saturation in sphagnum moss
cultivation. In the Serbian BARK scenario, there is likely even a sub-
stantial additional benefit to climate change and water use (10.3–13.5
%). The availability of decomposed bark, however, can be limited. The
present results showed that composted bark where available can be a
valid alternative to peat from the environmental standpoint.

The potential changes and trade-off are often dependent on the lo-
gistics and the location of the mushroom farm to the source of casing
material. As shown in Fig. 2a, the same material (grass fibre) can have a
different change in several impacts including climate change, freshwater
eutrophication and water use depending on whether this peat alterna-
tive is produced locally or imported from other countries, as discussed in
previous research (Leiva et al., 2016; Robinson et al., 2019). Further
investigation could be carried out addressing other alternatives material
and addressing the specific logistics related to the casing transport and
processing using site-specific and site-dependent assessment. The over-
all performance is largely dependent on local conditions, as previously
discussed (Goglio et al., 2024). Peatland management can also affect the
overall GHG emissions, as previously reported (Stichnothe, 2022).

4.2. Comparison with previous research

Several previous reports assessed the impact of mushroom produc-
tion and casing production using a LCA approach (Gunady et al., 2012;
Hashemi et al., 2024; Leiva et al., 2015; Robinson et al., 2019). The
overall impact for climate change for mushroom production was at least
37.3 % lower than described by Robinson et al. (2019). This was due to
different assumptions including the location of the farms in Europe
while in Robinson et al. (2019) the mushroom farms were located in
California. The geographical location also affects the electricity grid
impacts related to electricity consumption during mushroom cultivation
as previously highlighted (Goglio et al., 2024). Climate change impact
ranges (0.499–1.55 kg of CO2eq kg− 1 of mushrooms) were comparable
with Vinci et al. (2023) who reported an impact of climate of 1.11 kg of
CO2eq kg− 1 of mushroom. In particular, the GRASS_ROAD scenario was
only 11 % lower than Vinci et al. (2023) who assessed a mushroom
system located in Italy. Robinson et al. (2019) only used peat casing
while here different alternatives to casing were tested. Large differences
were found with the impact on climate change reported by several
previous researchers (Gunady et al., 2012; Leiva et al., 2015), with at
least 2.9 fold differences with the present results. In this case too, the
present study was assessing different alternatives to peat while Leiva
et al. (2015) only used peat in Spanish conditions and Gunady et al.
(2012) carried out an assessment in Australian conditions. In addition,
different methodologies were used to account for substrate oxidation. In
our study, CO2 estimation with IPCC methodology, the IPCC 2019
emission factors and the most recent IPCC characterisation factors were
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used (Forster et al., 2021; IPCC, 2019), while Leiva et al. (2015) used
direct measurements and the CML Leiden 2000 methodology (Leiva
et al., 2015).

Regarding the acidification potential, the range obtained here for the
Spanish systems was at maximum 46.7 % lower than the value reported
by Leiva et al. (2015) (7.95 g of SO2eq kg− 1 of mushrooms). The other
systems had larger values (19.3–25.5 g of SO2eq kg− 1 of mushrooms).
Acidification values obtained here were − 49.5 % to 68.1 % different
from those reported by Vinci et al. (2023) and in Robinson et al. (2019).
The freshwater eutrophication impacts for the Polish systems
(0.692–0.748 kg of Peq kg− 1 of mushrooms) were at maximum 12.0 %
below that reported by Leiva et al. (2015). The Spanish systems had at
least 73.2 % lower values; while the Serbian systems at least 2.9 fold
larger freshwater eutrophication values than those obtained by Leiva
et al. (2015). The corresponding eutrophication potential accounted for
by Robinson et al. (2019) was very close (<10.9 %) to the freshwater EP
reported for the Polish systems. The Spanish and the Serbian systems
resulted in larger differences (>72.8%). These differences can be related
to the different composting process and compost type (e.g., either from
poultry manure and straw or horse manure). Freshwater eutrophication
was at least 11.1 fold higher than Vinci et al. (2023); while a 8.7 folds
difference was observed between results presented here and Vinci et al.
(2023) for marine eutrophication. In Vinci et al. (2023), mushroom
cultivation was carried out using a growing substrate from agricultural
waste and recycled water while for the SPENT and BARK scenarios spent
casing and decomposed bark was used and no water recycling occur.

Several papers assessed the impact of the production of casing ma-
terial for the horticultural sector (Hashemi et al., 2024; Stichnothe,
2022). Hashemi et al. (2024) reported a 1.09 fold difference in climate
change using alternatives to peat, while our results had a larger effect
(2.69 folds difference). However the type of casing materials in our
research were quite different than those in the studies of Hashemi et al.
(2024) who assessed hydrochar, wood fibre, compost and degassed
agricultural waste fibre, as mushrooms have specific physical and
chemical requirements (Young et al., 2024). Peat-based growing sub-
strate resulted in a climate change impact with a broader range than the
corresponding climate change impact reported in Stichnothe (2022)
(− 0.0187–0.153 kg of CO2eq kg− 1 here vs 0.158–0.309 kg of CO2eq
kg− 1 in the studies of Stichnothe (2022)). Nevertheless, the GRASS_-
ROAD scenario was 2.9 % smaller than the white peat production in
Stichnothe (2022). Freshwater (2.66–97.6 mg of Peq kg− 1 of harvested
mushrooms) and marine eutrophication potentials (0.483–6.18 mg of
Neq kg− 1 of harvested mushrooms) exhibited at least 1.69 fold differ-
ence with the peat growing media assessed by Stichnothe (2022).
Resource use values (0.416–10.3 MJ kg− 1 of harvested mushrooms)
were at maximum 15.5 fold higher than the peat value reported in the
same research (Stichnothe, 2022) except for the BARK scenario which
was at least 21 % less than Stichnothe (2022).

4.3. Confidence of the results and general overview

In the Spanish and Polish cases, the scenarios are feasible for large
scale implementation in the near future. Similar systems have been
partially tested previously such as wood fibres and degassed fibres from
food waste in Hashemi et al. (2024). In the Serbian case, however, the
question is whether the bark will support satisfactory yields and will be
feasible for medium to large scale production. The organic mushroom
farmer consulted reported satisfactory performance, however, this was
not tested in an experimental setting. Nonetheless, where available it is a
potential alternative to peat which needs further investigation (Young
et al., 2024).

The effects of replacing 50% of the peat in the casings by grass fibres,
sphagnum moss or spent substrate on mushroom growth parameters
were assumed to be negligible in this study, following recent produc-
tivity testing and recent literature evidence (Young et al., 2024). Sub-
stantial differences in soil respiration and adhesiveness were found in

the grass fibres compared with peat-based casing. Another factor likely
affecting the productivity is the microbiological composition, which
varies highly between the alternatives (Taparia et al., 2021). It is
questionable if steaming is required or even desirable. On the one hand,
it will eliminate populations of competitors, pathogens and pest or-
ganisms, but it will also reduce beneficial microbial buffering potential
of the substrate (Carrasco and Preston, 2020), and make it more
vulnerable for pathogens introduced from the mushroom ecosystem.

Recent studies in commercial mushroom cultivation facilities,
showed that replacement of peat by grass fibres or sphagnum moss can
also result in a good productivity without pasteurization of the con-
stituents. This aligns with recent literature evidence which found no
substantial performance in peat alternatives tested (Young et al., 2024).
The resilience of casings may increase via microbial buffering with
specific beneficial organisms. In this assessment, data from a lab pro-
duction were used to estimate the impact of inoculations with beneficial
bacteria. However, pilot scale investigation did not fully succeed in
producing the inoculum at industrial scale.

Uncertainties are quite common when assessing future emerging
technologies in which LCA can become an essential tool for the envi-
ronmental assessment (Bisinella et al., 2021; Goglio et al., 2019; Moni
et al., 2020). In this work, an effort was made to minimise the overall
uncertainty by refining the life cycle inventory in several iterations, by
identifying the substantial contributions of preliminary results and
collecting higher quality data which affect these contributions, from
primary and secondary sources, in agreement with the ISO standards
(ISO, 2006a, 2006b).

5. Conclusions

The results of this paper showed that a mix of peat and some relevant
alternatives instead of using complete peat casings, reduced fossil
resource use as peat is considered a fossil material. Replacement of peat
by alternatives did not substantially increase the impact on climate
change, freshwater and marine eutrophication, terrestrial acidification,
and water use in three distinct case studies across Europe. Relatively
small trade-offs (<7.7 % increased impact) to potential benefits of
reducing the amount of peat in the casing are related to the energy
required to produce the alternative material with steaming corre-
sponding to <3.1 % of the overall impact, the transport distance and
mode, and the (local) availability of residual material suitable for
making mushroom casing. With mushroom productivity similar to peat
casing, the substrates are considered as a valid alternative to peat, even
though the production process and the logistic could be further
improved. The choice of casing material is highly dependent on the
physical, chemical and biological characteristics of the material, casing
material availability, processing and logistics of the supply chain.

The quantitative assessment demonstrated the potential advantages
or disadvantages of replacing part of the peat casings by peat alterna-
tives on a selection of environmental impacts. As switching to alterna-
tives becomes more urgent in the near future, potential trade-offs of the
advantages of using less peat need to be conducted for a broader range of
alternatives. The results of this paper provided insights and examples on
how to assess this.
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Šimanauskienė, R., Linkevičienė, R., Bartold, M., Dąbrowska-Zielińska, K.,
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