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A B S T R A C T   

Drained peatlands are a large emission source and a shift to paludiculture (rewetting and cultivation of wet- 
tolerant plants) is emerging as a potential emission reduction measure. Paludiculture can potentially results in 
emission savings from direct emissions, product substitution and carbon storage, but the whole life cycle climate 
impacts are rarely studied. In this study, we evaluated two paludiculture product systems (cattail (Typha) con-
struction board and common reed (Phragmites) horticultural vermicompost) with cradle-to-grave life cycle 
assessment (LCA) applied global sensitivity analysis to identify, which parts of the product system would need 
more research and product development to ensure net emission savings. Based on the results, both product 
systems result in much lower emissions than current agricultural land use and may be net greenhouse gas sinks 
(average − 6.0 tCO2eq ha− 1 for cattail board; − 3.0 tCO2eq ha− 1 for reed growing media). The uncertainty in the 
product life cycle is concentrated to a few key processes: the direct CO2 and CH4 emissions from paludiculture, 
construction board additives, and CH4 emissions from vermicomposting reed. Further research to these would 
minimize the uncertainty and help in maximizing the climate mitigation potential of paludiculture derived 
products.   

1. Introduction 

Peatlands store one third of the world's soil carbon (Parish et al., 
2008; Hopple et al., 2020) making them a highly influential factor in the 
global climate change mitigation. In natural peatlands, organic carbon 
accumulates faster than decomposes. This accumulation of carbon can 
outweigh the climate change impact of methane (CH4) and nitrogen 
oxide (N2O) emissions. When peatlands are used for agricultural pur-
poses, the climate impact balance changes. Drainage, tillage, fertiliza-
tion and mineral soil addition expose accumulated peat to oxygen and 
microbial activity, greatly increasing the rate of peat decomposition 
(Dawson et al., 2010; Moore and Dalva, 1993). Because of peat decay, 
agricultural use of peatlands causes substantial CO2 and N2O emissions, 
turning peatlands into sources of greenhouse gas emissions (GHG) 
(Joosten and Clarke, 2002). Globally 250,000 km2 of degraded peat-
lands emit ca. 2 GtCO2eq per year (Couwenberg and Fritz, 2012; Joos-
ten, 2009), equivalent to ca. 5% of the annual emissions from fossil fuels 
(Friedlingstein et al., 2020). Peatlands are geographically concentrated, 
covering about 3% of the world's land area, but only five countries 
covering 80% of the peatland area (Joosten, 2009). Also in Europe, five 

countries (Russia, Finland, Sweden, Norway and Austria) contain 80% 
of the peatland area (Joosten, 2009). In Finland, the agricultural peat-
lands are 10% of total field area, but cause over 80% of agricultural land 
use climate impact (Statistics Finland, 2020), offering an important 
target for mitigating greenhouse gas emissions. 

One option for reducing GHG emissions is to take peatlands out of 
agricultural production. Afforestation can decrease emissions, and offset 
continuing decomposition against increasing tree biomass, resulting in 
minor net sinks or sources, depending on CH4 emissions (Maljanen et al., 
2010). Rewetting decreases organic matter decomposition considerably 
(Audet et al., 2014; Hahn et al., 2015; Kandel et al., 2019) decreasing 
both CO2 and N2O emissions (Günther et al., 2016; Karki et al., 2016), 
but CH4 emissions may increase (Günther et al., 2015). Furthermore, if 
the water table is not controlled, fluctuation can result in high GHG 
emissions even after decades of initial rewetting (Vanselow-Algan et al., 
2015). Because of the biological processes involved, rewetting has 
resulted in variable emission reductions, varying from strong sinks (− 8 
tCO2eq ha− 1 yr− 1.; Schrier-Uijl et al., 2014)) to minor sinks (0.71 tCO2eq 
ha− 1 yr− 1; Hendriks et al., 2007) and major emission sources (25–53 
tCO2eq ha− 1 yr− 1; Vanselow-Algan et al. (2015)). Emission reductions 
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are sensitive to vegetation composition, water table level, time since 
rewetting and land use history (Wilson et al., 2016). 

Another option for emission reduction is to use drained peatlands for 
paludiculture. Paludiculture is the cultivation of biomass in wet or 
rewetted peatlands, which slows peat decomposition (Tanneberger and 
Wichtmann, 2011). The aim is to cultivate wet tolerant plants, with high 
biomass and peat accumulation potential (Tanneberger and Wichtmann, 
2011). Common reed (Phragmites australis) and cattail (Typha latifolia) 
have been identified as promising biomass plants for paludiculture 
(Wichtmann et al., 2016) and the GHG emissions of paludiculture are 
considerably smaller than agricultural use (Günther et al., 2015; Huth 
et al., 2018; Kandel et al., 2020; Karki et al., 2015). Compared to 
rewetting, paludiculture keeps the land in production, offering potential 
for controlling and monitoring the water table and reducing decompo-
sition in a financially sustainable way (Kandel et al., 2020). 

The harvested products from paludiculture can further reduce 
emissions by substituting more emission intensive products currently in 
use. Two promising large-scale applications are construction boards 
from cattail and growing media from common reed. The construction 
boards are a mix of mineral binder and cattail stalks, with promising 
insulation, fire resistance and sound barrier properties (Georgiev et al., 
2019). Like many other biofuel crops, common reed can be shredded 
and used as a substitute for peat growing media (Gruda, 2019), although 
the mix of summer and winter harvested reed has to be carefully 
designed to achieve desired properties (Turunen, A., personal commu-
nication, 10.6.2020). The market for paludiculture products is devel-
oping and the production processes are also changing, adding 
uncertainty to the assessment of their emission reduction potential. 

To assess the full climate impact of paludiculture, the industrial in-
puts and emissions from harvesting, processing and manufacturing 
should be included to the emission reduction from peatlands. In addi-
tion, biomass from paludiculture can be stored in long term products, 
which could also substitute currently used energy intensive products. 
The overall climate change impact from cradle-to-grave is commonly 
evaluated with life cycle assessment (LCA), which has a long history in 
climate impact assessment and product ecodesign (Hauschild, 2018). 
The LCA methodology is standardized (ISO 14040:2006), allowing the 
robust assessment and comparison of products. While paludiculture has 
been an active research topic, only two master's thesis have been 
covered the life cycle climate impacts of paludiculture products (de 
Jong, 2020; Lahtinen, 2020). 

The aims of this study were to assess the climate change impacts of 
two potential paludiculture products (cattail-based construction board 
and common reed-based plant growing media) and to compare them to 
the current use of agricultural peatlands in Finland (silage grass and 
grains). Due to the uncertainties in the emissions of paludiculture and 
novelty of the production processes, the study was constructed as a 
probabilistic uncertainty and sensitivity analysis. A key aim was to 
identify, what are the main sources of uncertainty and where to target 
further research. 

2. Materials and methods 

2.1. Description of product systems 

The goal and scope of this study was to compare the climate change 
impact of two paludiculture products and to evaluate their performance 
against current agricultural land use. The aim was to identify the 
contribution of different processes in the life cycle to the overall impact 
and to identify the main sources of uncertainty in the product system. 
The study was constructed as an attributional LCA (ALCA), where the 
emissions from each unit process were evaluated using historical 
average performance and attributing the emissions to the outputs. A 
limitation of this scope is that the results cannot be used for supporting 
large scale decisions on agricultural system change, which would fall 
under the scope of consequential LCA (ILCD, 2010) with indirect land 

use changes (iLUC) (Finkbeiner, 2014). The present study can, however, 
advise further studies on the uncertainties in existing process data and 
on where to focus further data acquisition for decision support. 

As the focus of the study was on comparing land uses for climate 
mitigation, the land area was chosen as the functional unit: “1 ha of 
agricultural peatland, in paludiculture”. Viewed this way, the products 
themselves became by-products, which were credited to the systems 
using the avoided emissions substitution approach (Heijungs and Suh, 
2002). 

The product system boundary was defined by following the ILCD 
guidelines for attributional LCA, i.e. starting from the process supplying 
the final product and tracking the materials and services embodied, 
touching or providing services for that process (Hauschild, 2018; ILCD, 
2010). The system boundaries are presented in Fig. 1. 

A starting point for both product systems was the rewetting of 
agricultural land (blocking of drains). This stage was cut-off due to data- 
availability (no published data on emissions during rewetting), but as it 
is a one-time occurrence, the overall impact on the 100-year time scale is 
unlikely to be >5%. Instead, we assumed that the emissions would be of 
similar magnitude to established paludiculture (i.e one additional year 
of emissions added to calculation, but without production). Following 
rewetting, the fields are limed and seeded. No additional weed control 
was included, as the weeds present in agricultural fields would not 
tolerate waterlogging. Plant cultivation stage involves annual fertiliza-
tion and liming every 3–5 years to replace extracted nutrients and har-
vesting. After harvesting, both products are processes into products and 
after use they are recycled (composting and soil amendment). The 
climate benefits from stored biogenic carbon were included with the 
method of PAS2050 (Sinden et al., 2011), assuming a 35 year half-life as 
for wood products (IPCC, 2014). Avoided products (peat growing media 
and rockwool/gypsum board wall) were credited to the product systems 
as was their end-of-life treatment. 

Matrix-LCI was used to integrate unit process data to form a life cycle 
inventory (Suh and Huppes, 2005). In the impact assessment stage 
(LCIA), the most recent global warming potential (GWP100, IPCC, 2014) 
factors were used to convert CO2, CH4 and N2O emissions to carbon 
dioxide equivalents (CO2eq). LCI and LCIA were implemented in an 
Excel spreadsheet allowing flexible uncertainty and sensitivity analysis 
(Section 2.3). 

2.2. Data sources 

Published emission values from scientific literature were used for the 
main processes (paludiculture, vermicomposting) and Ecoinvent 3 LCI 
database was used for secondary processes and inputs. Scientific liter-
ature was reviewed for cattail (Typha) and common reed (Phragmites) 
crop data (yields, emissions) on the boreal and temperate vegetation 
zone. Crop yield levels were averaged to 8960 kg/ha for cattail (Gros-
shans, 2014; Günther et al., 2015; Maddison et al., 2009; Pijlman et al., 
2019) and to 8000 kg/ha for common reed (Granéli, 1989; Schulz et al., 
2011; Wichtmann et al., 2016). Emissions of cattail and common reed 
cultivation as well as emissions of barley and grass cultivation were 
determined based on data in scientific literature (Fig. 2) (Koch et al., 
2014; Günther et al., 2015; van den Berg et al., 2016; Wilson et al., 2016; 

Wild et al., 2001; Grosshans, 2014; Günther et al., 2015; Maljanen et al., 
2007) and the N2O emissions were calculated from the N fertilizer 
amounts using a common emission factor 0.01 kg N2O-N/kg N (IPCC, 
2006). The fertilization levels from Typha field studies were used for 
both systems (Pijlman et al., 2019) and the liming was calculated to 
balance the acidity from fertilization (Harmsen et al., 1990). The pro-
cesses for harvesting and drying were modeled using LCI database 
processes for grass crop processing. The shredding of dried cattail was 
modeled as wood chipping. As the actual harvesting is done with low 
ground pressure machinery and can be challenging (Schröder et al., 
2015), the use of LCI process data was coupled to a large uncertainty 
estimate (upper bound 4 times the LCI database value). 
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The cattail construction board consisted of 50% magnesite mineral 
and 50% cattail (Georgiev et al., 2019). The emissions for magnesite 
were calculated by removing the emissions of calcination (Ren et al., 
2016) and related heating fuels from the Ecoinvent LCI-process for 

producing magnesium oxide from magnesite. The wall structure was 
assumed to be plastered with 20 mm of clay plaster (45 kg/m2) (Geor-
giev et al., 2019). As information on the manufacturing of the con-
struction board were not available, an order of magnitude estimate was 
made based on the processing line presented in (Krus et al., 2014): 
spraying, pressing to mold, hardening. (i.e. 3 kWh/30 m3 material). The 
auxiliary equipment was assumed to be similar to an agricultural 
anaerobic digestion plant. 

A local manufacturer had used vermicomposting to make growing 
media from the common reed and we obtained process data from the 
company. (Kiteen Mato ja Multa, Aimo Turunen, personal communica-
tion). The process involved mixing summer and winter harvested reed, 
shredding it and vermicomposting. In vermicomposting, red wiggler 
earthworms (Eisenia fetida) consume and mix the material, reducing C:N 
ratios and producing a homogenous end product (Nigussie et al., 2016). 
After vermicomposting, some dolomitic lime was added to supply Ca:Mg 
to the otherwise nutritionally stable product. The winter harvested reed 
provided structure and a low bulk density, needed for a growing media. 
Company provided information on the processing equipment for sieving 
and packaging, power requirements and capacity, as well as the amount 
of dolomitic lime applied. 

The emissions from vermicomposting reed material were estimated 
using literature values for vermicomposting (Table 1). As data on GHG 
emissions of common reed vermicompost was not available, we applied 
data averaged from different feedstocks. Therefore, the emissions were 
very uncertain, which was reflected in the range of input values used for 
uncertainty assessment (Table 1). 

The reed-based product was assumed to substitute peat-based 
growing media. As peat decomposes after use, it releases fossil CO2. In 
addition to the emissions of decomposition, the life cycle emissions of 
producing the peat were included (Grönroos et al., 2013). In addition, 

Fig. 1. Product system boundary for the two compared paludiculture products: cattail (Typha latifolia) based construction board and common reed (Phragmites 
australis) based growing media. 

Fig. 2. Published emission ranges of paludicrops (common reed Phragmites 
australis and cattail Typha latifolia) compared to emissions of agricultural crops 
(grass and barley). The range presents minimum and maximum values found 
from the literature (Koch et al., 2014; Günther et al., 2015; van den Berg et al., 
2016; Wilson et al., 2016; Wild et al., 2001; Grosshans, 2014; Günther et al., 
2015; Maljanen et al., 2007). 
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100 g/m3 fertilizer N was added to the peat growing media to provide 
similar nutrient levels to those in marketed growing peats. P and K 
addition was not included in the model, as this would have only a minor 
effect on the carbon footprint compared to N. 

2.3. Assessment of uncertainties 

Uncertainties in the input-parameters were propagated to the carbon 
footprint results using Monte Carlo simulation (Simulacion 4.0. Excel add 
in, with 4000 iterations). The uncertainty assessment was constructed as 
an simultaneous assessment (Huijbregts et al., 2003), to include com-
mon uncertainties in both systems (i.e. same emission factors from ni-
trogen fertilizers were used for both systems in a single simulation 
iteration). 

The uncertainty assessment focused on 14 parameters for cattail 
insulation board (Supplementary material 1, Tables s1 and s3) and 17 
parameters for common reed growing media (Tables s2 and s4). In 
addition, the GWP100 characterization factors were also considered to 
be uncertain (Huijbregts et al., 2003). Following a common practice in 
LCA, lognormal distributions were assumed, specified by the median 
and an uncertainty factor (UF) (Ciroth et al., 2016; Ciroth et al., 2012). 
The uncertainty ranges for emissions of paludicrops, vermicompost and 
peat growing media were obtained from the literature survey (Section 
2.2). These were considered to represent the 90% confidence interval for 
a lognormal distribution. The uncertainty of LCI database processes 
(temporal, spatial and process) were modeled using the pedigree matrix 
method (Ciroth et al., 2016, Ciroth et al., 2012). 

After the Monte Carlo simulation, the results were visualized using 
boxplots and violin plots to show the distribution. A Spearman's rank 
correlation was calculated between the model outputs and inputs (Groen 
et al., 2017), using cor.test() function in R-software (R Core Team, 
2020). This allowed a global sensitivity analysis and highlights the 
factors, which contribute the most to the overall uncertainty over the 
input range. Significance of differences was tested using Mann-Whitney 
U tests in R (R Core Team, 2020). 

3. Results 

3.1. The net climate change impacts of paludiculture products 

The average carbon footprints were − 6 tCO2eq ha− 1 for cattail 
construction board and − 3 tCO2eq ha− 1 for common reed growing 
media, indicating a strong potential for net negative emissions (Fig. 3). 
However, the carbon footprints were variable: the 95% confidence in-
terval was − 16–3 tCO2eqha− 1 for cattail construction board and − 19–23 
tCO2eqha− 1 for common reed growing media. In addition, 10% of sim-
ulations showed positive net emissions for cattail construction board 
and 30% for common reed growing media. The difference in the median 
values was significant (1.1 tCO2eq ha− 1; p < 0.001), but as the product 
systems share input parameters, the difference is better expressed by a 
difference calculated separately for each simulation run. When calcu-
lated from separate simulation runs, the difference between product 
system climate impact was 3 tCO2eq ha− 1(p < 0.001), indicating that the 
cattail construction board performed slightly better than the reed-based 
growing media. 

Both paludiculture products had lower climate change impacts than 
current agricultural land use (Fig. 3.). Cattail construction board prod-
uct system resulted in lower emissions than grass production in 98% of 
simulations and common reed in 86% of simulations. 

3.2. Contribution of life cycle stages 

The net climate impact was disaggregated to processes with contri-
bution analysis and then processes were merged to represent different 
life cycle stages. We divided both product systems to three main stages: 
cultivation, processing and substitution. In addition, carbon storage in 
products and vermicomposting were considered separately for each 
product system. 

Based on the results (Fig. 4), both product systems had different 
priority life cycle stages. The processing of cattail insulation board was 
emission intensive, mainly due to the high life cycle emissions of 
magnesite which was used as a binder (Fig. 4a). While the processing of 
the reed growth growing media avoided emission intensive inputs, the 
vermicomposting process was large emission source, contributing on 
average to 43% of the total emissions of cultivation, processing and 
composting (Fig. 4b). 

Cultivation emissions were a major contributor for both product 
systems (Fig. 4). While both paludiculture plants can increase the field 
carbon storage (i.e. CO2 sink), they also result in CH4 emissions, which 
can be considerable, especially for common reed. 

The cultivation of cattail caused lower GHG emissions than the 
cultivation of common reed (Fig. 4a vs. Fig. 4b), and in 19% of the 
simulated runs, the cattail cultivation site was a carbon sink (Fig. 4a). 
The cultivation of common reed caused CH4 emissions, but the variation 
in the literature published values is large (Fig. 1). Nevertheless, the 
average emissions of cultivation of both paludicrops are smaller than the 
average emissions of the substituted product, i.e. the product substitu-
tion and product carbon storage can be enough to offset emissions of 
paludicrop cultivation. 

Table 1 
Greenhouse gas emissions per input dry matter (DM) from vermicomposting 
(Jjagwe et al., 2019; Nigussie et al., 2016; Wang et al., 2014).  

Feedstock Methane CH4 g/kg 
DM 

Nitrous oxide N2O mg/kg 
DM 

Vegetable waste and 
straw 

1.2 25 

Cattle manure 7.6 40 
Duck manure and reed 5.8 93 
Used in this study 1.2–8 25–90  

Fig. 3. Distribution of climate change impact (carbon footprint) of cattail 
(Typha latifolia) based construction board and common reed (Phragmites aus-
tralis) based plant growing media. Current land use presented as reference 
(horizontal lines). (Boxplot centerline = median, box edges 25% and 75% 
percentiles and the lines 1.5 times the interquartile. Distribution shape pre-
sented as a violin plot around the boxplot.) 
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3.3. Sensitivity and uncertainty analysis 

Since neither assessed product was in full scale production, we used 
approximate values in the life cycle inventory (LCI) (Section 2.3). The 
sensitivity of the overall climate change impact and the difference be-
tween the products was analyzed by correlating input and output 
parameter distributions and comparing the Spearman's rank correla-
tions. The overall climate impact of cattail board life cycle depended 
mainly on four parameters: CO2 emissions from the cattail field 
(Spearman ρ = 0.55, p < 0.001), avoided emissions of rockwool-gypsum 
wall (ρ = 0.47, p < 0.001), assumed wall structure lifetime (ρ = 0.43, p 
< 0.001), and the yield of cattail (ρ = 0.39, p < 0.001). Together a linear 
model of these could explain R2 = 85% of the variation in the simulated 
climate change impact of cattail board. In contrast, parameters related 
to harvesting, processing and transport had only a minor effect (com-
bined coefficient of determination R2 < 2%). 

The life cycle climate impact of common reed growing media was 
highly sensitive to assumptions on four parameters: CH4 emissions from 
common reed field (ρ = 0.81, p < 0.001), avoided emissions from 
substituted peat growing media (ρ = 0.37, p < 0.001), vermicomposting 
CH4 emissions (ρ = 0.22, p < 0.001), and CO2 emissions of paludiculture 
(ρ = 0.20, p < 0.001). Together these accounted for R2 = 91% of the 
variation in the overall life cycle climate change impact. Due to the high 
contribution of CH4, the calculation was sensitive to CH4 global warm-
ing potential characterization factor (ρ = 0.22, p < 0.001). 

4. Discussion 

4.1. GHG emission reduction potential of paludiculture products and 
ecodesign targets 

Compared to existing land use, both studied paludiculture products 
could reduce the net GHG emissions from peatlands (Fig. 3). Cattail 
insulation board had a slightly higher average mitigation potential than 
reed growing media (Fig. 3), in addition it had a lower uncertainty in the 
emission reduction. The uncertainty in the simulated climate impacts 
was linked to a few key parameters, which explained >80% of variation. 
For both product systems, GHG emissions from paludiculture were 
identified as important factors. Controlling those is critical for ensuring 
mitigation of GHG emissions on peatlands. For common reed the CH4 
emissions are influenced by the water table levels and the amount of CH4 
transported through the plant air channels (aerenchymous cells). More 
research on controlling emissions from paludiculture is needed to ensure 
the emission reduction potential. 

The overall results of this study supported the findings of the earlier 
LCA study (de Jong, 2020): paludiculture can decrease peatland GHG 
emissions compared to agricultural use without rewetting. The emission 
reductions are achieved through reduced direct emissions of pal-
udiculture vs. agricultural use (Fig. 1) and from product substitution and 
carbon storage. 

The emissions from processing were found to be of minor importance 
for both product systems (with the exceptions of the embodied emissions 
of magnesite raw material and the emissions of vermicomposting) 
(Fig. 4 and Section 3.3). As magnesite is approximately half of the cattail 
construction board mass, replacing magnesite with a smaller footprint 
mineral (such as dolomite) could be a key ecodesign target. As for wood 
products, increasing the product lifespan can be a very effective way of 
increasing benefits from increased carbon stock (Brunet-Navarro et al., 
2017). This could be achieved by designing construction boards for 
minimum loss during construction. The boards have been used for his-
torical building renovations, where lifespan can be centuries (Georgiev 
et al., 2019). While harvesting and transport can be significant con-
tributors to costs (Schröder et al., 2015), they were relatively unim-
portant for emissions. For the common reed growing media, CH4 
emissions of vermicomposting were a major source of emissions and 
uncertainty (Fig. 4b and Section 3.3). Therefore, product ecodesign 
could focus on decreasing emissions from vermicomposting. While the 
feedstock composition affects methane emissions considerably, another 
way to reduce emissions is to use a biofilter to oxidize the CH4 emissions 
(Melse and van der Werf, 2005). By identifying and targeting the most 
influential factors in the product life cycle, the climate change impact 
could be designed to be even smaller and the risks of net positive 
emissions could be reduced. However, as a majority of the emissions are 
from the paludiculture field itself (Fig. 4), more research would be 
needed to control the emissions from peat decomposition. The ability of 
paludiculture plants to transport oxygen and methane through their 
aerenchyma cells poses an additional challenge for methane emission 
reduction. 

4.2. Contribution of product substitution and limitations of this study 

The analyzed net negative GHG emissions depended on avoided 
emissions from product substitution (Fig. 4). The substitution benefits 
were assessed by taking currently market dominating options (peat 
growing media and rockwool walls) and considering the uncertainty in 
their replacement by uncertainty factors. This was in line with the 
attributional LCA approach chosen for this study (ILCD, 2010) (Section 
2.1), as the focus was to identify key parameters for improving the 
process. We did not consider for example the possibility of recycling 
gypsum and rockwool, which would reduce the substitution benefit 
slightly (Jiménez Rivero et al., 2016). 

The climate potential benefits were considerable compared to 

Fig. 4. Contribution of different life cycle stages to the overall climate change 
summarized over 4000 Monte Carlo simulation runs for two paludiculture 
products: a) cattail construction board (Typha latifolia) and b) common reed 
growing media (Phragmites australis). 
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current agricultural land use (Fig. 3). However, also grain and grass 
cultivation could decrease emissions by 23–42% if the water table would 
be raised to 30 cm below soil surface (Regina et al., 2015). Another 
estimate considered that this would decrease GHG emissions to 50–60% 
of the maximum (Renger et al., 2002). After these reductions, the 
emissions would be comparable to the “min” lines in Fig. 3., but the 
paludiculture options would still have the lowest emissions. 

Care must be taken in scaling up these results, as we did not consider 
the consequential impacts of converting large areas of agricultural 
peatlands to paludiculture. Scenarios of large scale paludiculture would 
cause changes in the whole food supply system as well as the con-
struction and horticulture sectors, which would require a different kind 
of analysis to support decision making (consequential life cycle assess-
ment, CLCA) (ILCD, 2010). In particular, a large scale rewetting of 
agricultural lands could trigger indirect land use change (iLUC) (Fink-
beiner, 2014), if the loss of productive land is not compensated by 
increasing yields on mineral soils or by decreasing the demand for ani-
mal feed. Further scenario studies are needed for policy support, but the 
results of this study indicate that paludiculture has considerable emis-
sion reduction potential, especially if the carbon storage and product 
substitution are included. 

5. Conclusions 

Paludiculture is a promising option for reducing GHG emissions of 
drained agricultural peatlands. Paludiculture has lower direct GHG 
emissions than agricultural use and paludiculture products can replace 
emission intensive products and increase product carbon storage. When 
paludiculture derived cattail and common reed are used to substitute 
rockwool walls and peat growing media, this can on average result in net 
negative emissions for the life cycle. The uncertainty of paludiculture 
emissions is high and dominates the whole climate impact over the 
product life cycle. Therefore further research would be needed to control 
paludiculture emissions in practical cultivation conditions, especially in 
in the boreal zone, where peatlands are naturally abundant and the 
emissions from drained peatlands are high. 
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