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_______________________________________________________________________________________ 
 
SUMMARY 
 
Sphagnum farming provides an alternative to detrimental peatland drainage in two ways. Firstly, Sphagnum 
mosses are cultivated on rewetted peatlands. Secondly, Sphagnum biomass is a high-quality growing media 
constituent suitable for replacing peat in horticulture. This study investigated the shift from drained bog 
grassland to a wet Sphagnum farming site from the micro-economic perspective. Based on five years of field 
experience, we calculated costs and revenues of Sphagnum farming for a total cultivation time of 20 years. 
Sensitivity analysis encompassed costs, yields, prices and the effect of public non-market payments. We found 
that cultivated Sphagnum biomass could not compete with peat at current market prices, whereas its use for 
orchid cultivation was economically viable in the case of medium to high Sphagnum productivity. Selling 
Sphagnum shoots as founder or “seeding” material was profitable even in pessimistic scenarios with high costs 
and low yields. Cost-covering prices for Sphagnum biomass substituting peat seem achievable, if end 
consumers pay a surcharge of 10 % for plants cultivated without using peat (peat free). A commercial-scale 
implementation, an increasing market demand for renewables, and setting climate targets for the agricultural 
and horticultural sectors will accelerate the development of Sphagnum farming as a profitable alternative to 
drainage-based peatland agriculture and peat extraction. 
 
KEY WORDS: break-even price, net present value, peatland agriculture, sustainable growing media 
_______________________________________________________________________________________ 
 
INTRODUCTION 
 
Drainage has commonly been a pre-requisite for the 
productive use of peatlands, thereby turning 
unnoticed ecosystem services into major disservices. 
Nowadays, it is widely acknowledged that draining 
peatlands for agriculture and peat extraction results 
in land degradation, soil loss and high greenhouse gas 
(GHG) emissions; and that sustainable peatland 
management can be achieved only with high water 
tables (FAO 2014). The Paris Agreement on limiting 
global warming to well below 2 °C compared with 
pre-industrial times (UN 2015) was especially 
effective in raising general awareness of the 
ambivalent role of peatlands in contributing to either 
climate cooling or climate warming. Peatlands are the 
largest terrestrial organic carbon store, while 
covering less than 3 % of the global land area (Crump 
2017). In contrast to the usually short-term storage of 
carbon in living biomass, peatlands provide long-
term storage for the carbon captured by biomass over 
hundreds and thousands of years. Drainage turns 
peatlands into major sources of GHG emissions, 
releasing CO2 and N2O from the aerated peat layer 
and CH4 from the drainage ditches (Joosten et al. 

2016). Drained peatlands cover only 0.4 % of the 
global land area but are responsible for 5 % of all 
anthropogenic GHG emissions globally (Joosten 
2015). Bringing the water level near to the surface 
(rewetting) is the most effective measure to preserve 
the carbon stock, re-initiate a wide range of important 
ecosystem services and enhance biodiversity (Bonn 
et al. 2016), but usually involves the abandonment of 
land use. 

Paludiculture (palus: swamp, cultura: cultivation) 
is agriculture or forestry on wet peatlands and thus 
offers sustainable land use options for degraded 
peatlands after rewetting (Wichtmann et al. 2016). 
On rewetted bogs, Sphagnum mosses are promising 
plant species for paludiculture. The cultivation of 
Sphagnum (‘Sphagnum farming’) produces a 
renewable growing media constituent that is a 
suitable substitute for slightly decomposed 
Sphagnum peat (‘white peat’) in professional 
horticulture (Gaudig et al. 2018). During the last two 
decades, Sphagnum farming pilot sites have been 
established on: (a) cut-over bog (Pouliot et al. 2015, 
Gaudig et al. 2017, Graf et al. 2017), (b) artificial 
floating mats (Blievernicht et al. 2011, 2012) and 
(c) former bog grassland  (see below).  Wichmann et 
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al. (2017) compared the procedures and the costs of 
establishing commercial Sphagnum cultures on these 
three types of production sites. However, a 
comprehensive economic evaluation of Sphagnum 
farming was not possible at that time, due to the lack 
of field data on management and harvest. 

In this article we present the first profitability 
assessment for Sphagnum farming. Our calculations 
are based on the first five years of field experience on 
former bog grassland in North West Germany and 
anticipate costs and revenues for a total cultivation 
time of 20 years. While qualitative competitiveness 
with peat has been shown for Sphagnum biomass as 
a growing media constituent (e.g. Emmel 2008, 
Oberpaur et al. 2010), we examine its current 
competitiveness in terms of price and discuss market 
prospects. 
 
 
METHODS 
 
Study area 
The pilot site is located near Rastede in Lower 
Saxony, North West Germany (53° 15.80' N, 08° 
16.05' E). The main land uses in the study area are 
dairy farming and, to a lesser extent, suckler cow 
husbandry. Drainage and agricultural use of 
peatlands has been causing subsidence by 
compression, shrinkage and oxidation (Eggelsmann 
1986). The surface of the peatland ‘Hankhauser 
Moor’ now lies up to 1 m below sea level and 
drainage water has to be pumped out to the North Sea 
(Hofer & Pautz GbR 2005). The pilot site was used 
as bog grassland until 2010. Starting up Sphagnum 
farming involved creating an even surface (for 
optimal water management), relocating degraded 
topsoil to create causeways, removing existing 
drainage pipes and installing infrastructure for water 
management (e.g. pumps, irrigation ditches and 
outflows) (see Wichmann et al. 2017). The field trial 
was established in 2011 (Figure 1a) on a 4 ha site 
with a net area of 2 ha of Sphagnum production 
fields, the remaining area being occupied by 
infrastructure like causeways and ditches (Wichmann 
et al. 2017). In 2016, the first harvest (Figure 1b) 
provided Sphagnum shoots as founder material for 
extension of the Sphagnum farming trial to about 
14 ha (net: 5.6 ha) (Figure 1c). On the harvested 
production fields, the lower part of the Sphagnum 
lawn remained to allow Sphagnum regrowth and 
repeated harvests (cf. Krebs et al. 2018). Site 
conditions (e.g. climate, hydrology and nutrients) are 
described in Brust et al. (2018) and Temmink et al. 
(2017). 

Cost data and calculation 
The considered costs of Sphagnum farming 
encompass establishment, management, harvest, 
transport and the processing of Sphagnum biomass to 
create a marketable product. The practical work was 
conducted by a regional company whose business 
involves extracting peat and producing growing 
media for professional horticulture (Torfwerk 
Moorkultur Ramsloh). We compiled data on labour 
and machinery use (daily time sheets), standard 
costing rates (accounting records of the peat 
company) and payments for materials and contractors 
(e.g. invoices for irrigation pumps and installation 
work) covering the period from establishment to first 
harvest (2011–2016). We assumed regrowth of the 
residual Sphagnum layer after harvesting by cutting 
(cf. Krebs et al. 2018) and used the data from the first 
rotation period to anticipate costs for a total 
cultivation time of 20 years including four harvests 
(Figure 2). Opportunity costs of conventional 
grassland use were excluded from the calculations 
because the profit foregone would be highly 
dependent on European Union (EU) agricultural 
subsidies, whose continuation for another 20 years 
cannot be assumed because this would conflict with 
the EU’s climate objectives. 

Establishment costs accrue only once at the 
beginning of the cultivation time (t = 0) and include 
site preparation, investment for water management 
and spreading of Sphagnum shoots as founder 
material (Figure 1a). The necessary working steps, 
related costs and a description of the pilot site 
consisting of Sphagnum production fields, irrigation 
ditches and causeways (Figure 1c) is presented in 
detail in Wichmann et al. (2017). In addition, we 
investigated the establishment costs for extension of 
the pilot site in 2016 and incorporated the new cost 
data for comparison. 

The management costs of the Sphagnum farming 
site are annual costs. They encompass all costs 
related to water management and site maintenance. 
Based on five years of experience, we used real life 
data from the pilot site to calculate plausible values. 
For example, we chose the most efficient practice of 
weed mowing on the Sphagnum production fields to 
extrapolate costs instead of calculating real life 
working hours of trial and error with different 
mowing equipment. In addition, spreading of 
additional Sphagnum for replenishing gaps in the 
developing moss carpet in the second year after 
establishment, as conducted in 2012 (Gaudig et al. 
2014), was not necessary in 2017 for the extended 
area and thus was not taken into account as an 
essential management measure. 
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Figure 1. a) Spreading Sphagnum shoots with an adapted snow groomer during establishment of the 
Sphagnum farming pilot. b) First harvest using an excavator with long arm and mowing bucket. c) Aerial 
view of the pilot site with the five-year-old section established in 2011, the extension section established in 
2016 and the surrounding drained grassland. Photos: a) and b) Sabine Wichmann, c) ASEA aerial. 

 
 
 

 
 
Figure 2. Timeline of the first five years of Sphagnum farming on former bog grassland (dark grey) (Rastede, 
Lower Saxony) and assumptions for repeated harvests with a rotation length of five years and a total 
cultivation time of 20 years (light grey). 



S. Wichmann et al.   PROFITABILITY OF SPHAGNUM FARMING ON FORMER BOG GRASSLAND 

 
Mires and Peat, Volume 26 (2020), Article 08, 18 pp., http://www.mires-and-peat.net/, ISSN 1819-754X 

International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2019.SNPG.StA.1768 
 

                                                                                                                                                                         4 

The first mechanical harvest of the Sphagnum 
farming site was conducted in June 2016 (t = 5). An 
excavator standing on the causeway was equipped 
with a long arm and mowing bucket to cut the mosses 
and load the biomass into a tractor-pulled dumper 
(Figure 1b) for transport off the site. The mowing 
bucket and tractor were fitted with GPS trackers 
(Wintec WBT-202) to log operation times. The 
transport costs were based on peat handling and 
include loading of the harvested Sphagnum biomass 
and road transport to the processing plant at a 
distance of 70 km. 

Biomass processing was tested in a commercial 
plant producing growing media for professional 
horticulture (Torfwerk Moorkultur Ramsloh), using 
its standard equipment. The processing steps 
encompassed drying the harvested biomass in piles in 
the field or on concrete to a water content of 70–
80 %, cleaning in the vapour treatment facility for 
peat to prevent germination of seeds and sprouting of 
other plant parts, and separating it into fine and 
coarse fractions in the screening line usually used for 
peat (Kumar 2017). The harvest, transport and 
processing costs were calculated for the years t = 5, 
10, 15 and 20 (Figure 2). 
 
Revenue data and calculation  
The revenues of Sphagnum farming depend on 
Sphagnum productivity (accumulated biomass in dry 
mass tons per hectare), the yield (harvested biomass 
in dry mass tons per hectare), the conversion factor 
from weight to volume (calculating the yield in m3 
per hectare), the selling price (€ per m3 according to 
the application) and non-market payments (€ per ha). 

Sphagnum productivity was determined on the 
pilot site. Before mechanical harvesting, the above-
ground biomass accumulated over five years was cut 

with scissors on 30 plots (randomly distributed over 
the production fields, cf. Hurlbert 1984, size: 
15 × 15 cm). For each plot, Sphagnum species, other 
mosses, vascular plants and litter were separated and 
dried to constant weight (80 °C for 48 h, Hendry & 
Grime 1993). Values of the dry mass of Sphagnum 
biomass after five years’ growth were used to 
calculate the average annual productivity. In addition 
to the mean value, we used the lowest and highest 
value within the 1.5× interquartile range (IQR) of the 
lower quartile and upper quartile, respectively, to 
define three productivity levels. 

It was not possible to directly measure the 
harvested yield. Therefore, we analysed the biomass 
remaining after harvest on 30 plots (size: 15 × 15 cm) 
by determining the dry mass of the different biomass 
components as described above. We compared 
values of the mean dry Sphagnum biomass remaining 
after mechanical harvest and the mean dry Sphagnum 
biomass grown over five years to determine the 
fraction of biomass remaining on the land after 
harvesting. This was subtracted from the biomass 
productivity (low, mean and high values) to calculate 
the respective harvested yields. Dry mass yields were 
converted into volumes (m3), since volume is the 
usual trading unit for growing media constituents and 
substrates. To calculate the conversion factor, the 
bulk densities of 16 biomass samples of different 
Sphagnum species and origins was determined 
according to the European standard DIN EN 12580. 
Considering the water content, we calculated the 
mean dry mass bulk density and used ± 1 standard 
deviation as the high and low levels of the conversion 
factor in the sensitivity analysis (Table 1). 

Since Sphagnum biomass is used not only as an 
alternative to peat in growing media but also for 
applications  of  higher  market  value (e.g.  for  orchid 

 
 
Table 1. Overview of sensitivity analysis varying input variables for profitability assessment and break-even 
price calculation. Abbreviations for variables as in the equations, DM = dry mass. 
 

Input variable Unit Levels of variation 
Costs (C)   
Establishment costs (E0) 
 € ha-1 2  Scenario A: high costs (year: 2011) 

Scenario B: medium costs (year 2016) 

Management costs (M) € ha-1 2 Scenario A: high costs (period: 2011–2016) 
Scenario B: medium costs (reduction by 25 %) 

Revenues (R)    
Productivity  DM t ha-1 yr-1 3 Low / Mean / High 
Harvested yield % 1 Mean 
Bulk density (conversion factor) DM g L-1 2 Low / High 
Market price  € m-3 3 Low / Medium / High 
Non-market income € ha-1 2 No additional revenues / Medium payment level 
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cultivation or as founder material for Sphagnum 
farming sites), we considered three price levels in the 
profitability calculation. Market revenues are related 
to harvest and processing and were, therefore, 
calculated for the years t = 5, 10, 15 and 20. 
Additionally, the effect of annual public non-market 
payments on profitability and break-even price was 
tested (Table 1). 

As for the costs, we used the data from the first 
rotation period to calculate revenues for the 
following three harvests, assuming constant 
Sphagnum biomass productivity and constant prices 
over the total cultivation time. 
 
Investment appraisal 
Costs and revenues of Sphagnum farming are spread 
irregularly over the total cultivation time (T) of 20 
years. As is common for permanent cultures, 
Sphagnum farming requires a one-off investment for 
establishment at the beginning and management costs 
every year, whereas harvesting costs and market 
revenues arise every five years. Therefore, we 
conducted an investment appraisal discounting all 
cash flows of costs (C) and revenues (R) that occur at 
a time (t) to a Present Value (PV, t = 0) (Equation 1, 
Equation 2). We used a discount rate (r) of 3 % since 
bank interest rates have been low in Germany for 
many years. Inflation was excluded from the discount 
rate (i.e. real discount rate in contrast to nominal 
discount rate), and from all cash flows which were 
thus measured in the value of t0. If the Net Present 
Value (NPV) (Equation 3) is positive, future revenues 
can cover the initial investment costs for 
establishment (E0) and all further costs related to 
management (M), harvest (H), transport (S) and 
processing (P). Transferring the NPV to an Annuity 
(A) results in a constant annual value spread over the 
whole lifetime (Equation 4). 
 
𝑃𝑃𝑃𝑃 (𝐶𝐶) =  𝐸𝐸0 + ∑ (𝑀𝑀+𝐻𝐻+𝑆𝑆+ 𝑃𝑃)𝑡𝑡

(1+𝑟𝑟)𝑡𝑡
𝑇𝑇
𝑡𝑡=0     [1] 

 

𝑃𝑃𝑃𝑃 (𝑅𝑅) =  ∑ 𝑅𝑅𝑡𝑡
(1+𝑟𝑟)𝑡𝑡

𝑇𝑇
𝑡𝑡=0       [2] 

 
𝑁𝑁𝑁𝑁𝑁𝑁 =  𝑃𝑃𝑃𝑃 (𝑅𝑅) − 𝑃𝑃𝑃𝑃 (𝐶𝐶)      [3] 
 

𝐴𝐴 = 𝑁𝑁𝑁𝑁𝑁𝑁 ∗  (1+𝑟𝑟)𝑇𝑇∗𝑟𝑟
(1+𝑟𝑟)𝑇𝑇−1

      [4] 

 
 
RESULTS 
 
Establishment costs 
Data on establishment costs were collected by 
installing a Sphagnum farming trial on 4 ha in 2011 
and on another 10 ha in 2016 (Figure 1c). The data from 

2011 represent a high cost scenario, the data from 
2016 represent a medium cost scenario. Major cost 
determinants were the origin of the founder material 
(purchase vs. own production) and the size of the area 
influencing proportionate costs, as well as the time 
requirement and cost rates for site preparation. 

The establishment costs amounted to about 
€ 128,000 per hectare net area of Sphagnum 
production fields in 2011 (Wichmann et al. 2017) and 
to € 98,000 in 2016 (Figure 3). For site preparation, 
the cost in 2016 was higher than in 2011 (+148 %), 
for two reasons. First, prices for machinery use 
increased, e.g. by 54 % for an excavator hour. 
Secondly, the time required doubled (496 h ha-1 vs. 
248 h ha-1) because of adverse weather conditions 
(frost, fog) and because more peat was moved than in 
2011 in order to create an even surface despite large 
depressions. Thus, site preparation was the most 
important cost item in 2016 (Figure 3). However, the 
higher costs were outweighed by lower proportional 
investment in water management, due to a larger 
irrigated area (2 ha in 2011 vs. 5.6 ha in 2016). 
Additionally, the cost of Sphagnum shoots, which 
dominated the establishment costs in 2011, was 41 % 
lower in 2016 because own founder material had 
been cultivated. Total establishment costs were 23 % 
lower in 2016 (medium cost scenario) than in 2011 
(high cost scenario) (Figure 3). Detailed calculations 
are included in the Appendix (Table A1). 
 

 
 
Figure 3. Costs of establishing a Sphagnum 
farming pilot site on former bog grassland in 2011 
(2 ha of Sphagnum production fields) (cf. 
Wichmann et al. 2017) and of the extension to 
5.6 ha in 2016 (cf. Table A1). 
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Management costs 
During the first rotation period (2011–2016), 73 % of 
the total management costs were related to site 
maintenance (Figure 4). The dominating activity was 
weed control on the Sphagnum production fields by 
regular mowing of vascular plants with a single-axle 
motor mower (6–8 times per year), followed by 
cleaning of the irrigation ditches with an excavator 
and mowing bucket (in 2013 and 2015) and mulching 
of the causeways with a tractor (4–6 times per year) 
(Figure 4). Maintenance costs were lower in 2011 
(establishment phase) and in the year (2016) ending 
with harvest in June (see Figure 6b; Table A2). 
 
Harvesting and processing costs 
Harvesting an area of 0.58 ha in June 2016 took five 
days of 9–12 working hours each. The total time of 
55 hours included frequent waiting periods because 
the harvested Sphagnum biomass was used directly 
to enlarge the pilot site and the performance of the 
“seeding” machine spreading the founder material 
was the limiting factor. For the labour costs of the two 
machine operators, we used their actual working 
hours as a very conservative estimation (55 hours 
each, i.e. 94 h ha-1 per person, € 23 h-1). For the 
machines, GPS tracking allowed us to determine a 
realistic performance of 50 h ha-1 for harvesting and 
loading (excavator and tractor) and an additional 
12 h ha-1 for field transport (tractor, 50–300 m one 
way). Costs for excavator and tractor operation 
during harvest in 2016 totalled about € 12,600 ha-1, 
while transport and processing costs added up to 
€ 7.43 m-3 (Table A2). 
 
Yield, bulk density and price levels 
For calculating market revenues, we used different 
levels of three factors: yield arising from low, mean 
or high productivity, bulk density and price level 
(Table 1). During five years of cultivation (May 2011 

to April 2016), dry mass productivity reached mean 
values of 24 t ha-1 (low: 15 t, high: 34 t) (Figure 5a), 
i.e. 4.9 t ha-1 yr-1 (low: 3.1 t, high: 6.8 t). On average, 
35 % of the grown-up biomass remained after 
harvesting in June 2016 (Figure 5a). For the 
profitability calculation we assumed an average 
harvested dry mass yield of 16 t ha-1 (low: 10 t; high: 
22 t), i.e. 3.2 t ha-1 yr-1 (2.0 t; 4.4 t). For the 
conversion factor, we chose 20 and 38 g L-1 based on 
the determination of mean dry mass bulk density 
± 1 standard deviation (29.0 ± 9.36 g L-1, Figure 5b, 
cf. Table A3). The market value of Sphagnum 
biomass varies strongly according to the application. 
It ranges from € 25 m-3, a common price for the 
slightly decomposed Sphagnum peat (‘white peat’) 
used in horticultural growing media, through e.g. € 
165 m-3 for use in the cultivation of orchids, to € 750 
m-3 for the Sphagnum shoots that were used as 
founder material to populate the pilot site in 2011 
(Wichmann et al. 2017). 
 
Extrapolation to 20 years: Present Values, 
Annuities and break-even price 
To estimate costs over the total cultivation time of 20 
years, we calculated two scenarios which differ in 
terms of establishment and management costs based 
on the experience of the field trial. 

Cost Scenario A reflects high costs. We used the 
cost data of the first rotation with establishment in 
2011, management and first harvest (Tables A1, A2) 
to extrapolate corresponding costs to the following 
rotations. For management we estimated average 
values of € 5,943 ha-1 for the years of harvest (t = 5, 
10, 15, 20), reflecting reduced effort due to slow 
vascular plant regrowth, and € 11,266 ha-1 for the 
other years (Figure 6b). The total PV (C) ranged from 
€ 312,000 to € 356,000 ha-1 (Figure 7, Table A4) 
depending on harvested yield and bulk density, which 
influenced   the   costs   of   harvesting,  transport   and

 
 

 
 
Figure 4. Management costs in 2011–2016 showing the shares of the single cost items for site maintenance 
(dark grey) and water management (light grey). 
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Figure 5. a) Sphagnum dry mass after five years of 
growth, before and remaining after harvest (each 
n = 30); and b) dry bulk density (n = 16, cf. 
Table A2). The plot shows the median (bold line), 
the mean (x), the upper and lower quartiles 
(including 50 % of the data and creating the box), 
the whiskers representing the lowest and highest 
values still within 1.5 interquartile range (IQR) of 
the lower and upper quartile, respectively, and the 
outliers (o), i.e. the values outside these ranges. 

processing. Management costs constituted the largest 
share (44–50 %) and establishment costs were the 
second most important (36–41 %) (Figure 6a). 

Cost Scenario B reflects medium costs. We used 
the lower establishment cost value of the year 2016 
(Figure 3) and assumed a 25 % reduction in 
management costs. Consequently, the PV (C) 
reduced to a range of € 243,000 to € 287,000 ha-1 

(Table A4), which is a saving of € 69,000 ha-1 

compared to Cost Scenario A. 
The Present Value of the revenues (PV (R)) 

ranged very widely, from € 18,000 to € 2,312,000 ha-1 
(Figure 7, Table A4). The negative NPVs (Figure 7) 
showed that a price of € 25 m-3 did not cover the costs 
of Sphagnum farming. At a price of € 165 m-3, mean 
or high average dry mass yields (3.2 and 4.4 t ha-1 
yr-1) were cost-covering when a low bulk density 
(20 g L-1) was assumed. Selling Sphagnum biomass 
for € 750 m-3 resulted in a positive annuity of 
€ 16,200 ha-1 yr-1 even in case of low yield (2 t ha-1 
yr-1) and high bulk density (38 g L-1) (Figure 8a), and 
up to € 131.500 ha-1 yr-1 at high yield (4.4 t ha-1 yr-1) 
and low bulk density (20 g L-1) (Figure 8c). 

In addition to calculating profit or loss with three 
given price levels, we determined price levels at 
which production costs were covered. The break-
even price ranged from € 115 to € 423 m-3 for Cost 
Scenario  A   and  from   € 93   to   330  m-3   for   Cost 

 
 

 
 
Figure 6. Costs in Scenario A (dry mass average yield: 3.2 t ha-1 yr-1, 20 g L-1): a) PV (C), i.e. all costs 
discounted (r = 3 %) and summed for the year of establishment (t = 0); b) costs of establishment, 
management, harvest, transport and processing according to their occurrence during the cultivation time 
(t = x). 
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Scenario B (Table 2), equating to a reduction of about 
21 % (€ 22–93 m-3, 19–22 %). 

In addition to market revenues, EU agriculture is 
commonly supported by public payments. We 
assumed a non-market income through agricultural 
subsidies of € 300 ha-1 yr-1, comparable with the 
average level of current EU direct payments (Pillar I) 
in Germany (EC 2017). Additionally, we assumed 
the remuneration of ecosystem services provision at 
€ 1,000 ha-1 yr-1. The non-market income reduced the 
break-even price by about 7 % (€ 6–26 m-3, 5–8 %) 
(Table 2). 

DISCUSSION 

Profitability at farm level 

Influence of price levels 
The pilot site allowed a first cost and profitability 
assessment for large-scale, mechanically 
implemented Sphagnum farming based on real-life 
data. Our data show that Sphagnum biomass 
cultivated on former bog grassland cannot compete 
with peat at its current market price; but also indicate 
that, with medium and high yields at low bulk 
density, profitability  is  achieved  if the Sphagnum is

 
 

 
 
Figure 7. Present Values (PV) of Sphagnum farming for high costs (Scenario A) and Revenues and the 
resulting Net Present Values (NPV) according to price level (€ 25, € 165 or € 750), average dry mass yield 
(light grey: 2.0; dark grey: 3.2; black: 4.4 t ha-1 yr-1) and the conversion factor for bulk density (solid fill: 
20 g L-1; hatched fill: 38 g L-1). 

 
 

 
 
Figure 8. Profitability of Sphagnum farming given as Annuity (T = 20 years; r = 3 %) for Cost Scenario A 
according to the average dry mass yield (low, mean or high; 2.0, 3.2 or 4.4 t ha-1 yr-1), the conversion factor 
for bulk density (solid line: 20 g L-1; dashed line: 38 g L-1) and the price level (range € 25 to € 750 m-3). 
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used as a growing medium for orchids (Figure 7, 
Table A4). The break-even price (Table 2), with a 
maximum of € 423 m-3, lies well below the € 750 m-3 
paid for Sphagnum shoots used as founder material in 
Germany. Thus, Sphagnum farming for the 
production of founder material is profitable even in 
the most pessimistic scenario of low yield, high bulk 
density and high costs (Figure 8a). Cheaper founder 
material has a positive feedback effect that will 
further reduce the costs of Sphagnum farming, lower 
break-even prices and improve the competitiveness 
of cultivated Sphagnum biomass. 
 
Potential for cost reduction 
We identified a high potential for reducing the break-
even price by optimisation and cost reduction 
(Table 3). The cost of Sphagnum shoots as founder 
material and the investment in water management 
were the most important cost items during the 
establishment in 2011 but were, respectively, 41 % 

and 51 % lower in 2016 (Figure 3). However, these 
figures still incorporate the high research- and site-
specific costs for the electronically controlled 
automatic water management. The higher costs for 
site preparation in 2016 compared to 2011 underline 
the need for reducing topsoil removal, both for 
limiting GHG emissions from peat soil and for 
limiting establishment costs. Careful site planning 
with a dense grid of height measurements and 
establishing several terraces can minimise peat 
removal related to levelling the uneven surface. 
Choosing a cost-efficient irrigation system, 
minimising topsoil removal, a decreasing price of 
founder material and scale effects reduce costs 
considerably (cf. Wichmann et al. 2017). Based on 
current knowledge, a scenario with establishment 
costs less than € 50,000 ha-1 seems feasible (Table A1). 
Further implementation is required, however, to verify 
the options for cutting the costs of Sphagnum 
farming. 

 
 
Table 2. Break-even price for Sphagnum farming at high cost (Scenario A) and medium cost (Scenario B) 
according to the harvested yield and bulk density. Prices in square brackets show the effect of an additional 
non-market income (€ 1300 ha-1 yr-1) for Sphagnum farming (DM = dry mass). 
 

 Productivity DM t ha-1 yr-1 3.1 4.9 6.8 

           
 

Average yield DM t ha-1 yr-1 2 3.2 4.4 

Harvested yield DM t ha-1 10 16 22 

Bulk density DM g L-1 38 20 38 20 38 20 

 Harvested volume m3 ha-1 263 500 421 800 579 1,100 

Scenario A) Break-even price € m-3 423 
[397] 

226  
[212] 

278  
[262] 

150  
[141] 

213  
[201] 

115  
[109] 

Scenario B) Break-even price € m-3 330  
[301] 

177  
[163] 

220  
[204] 

119  
[111] 

170  
[159] 

93  
[87] 

 
 
Table 3. Key factors for profitability of Sphagnum farming and key uncertainties in calculation. 
 

 Key factors for profitability Key uncertainties 
in calculation 

Costs 

• Availability of founder material (own reproduction or mass propagation) 
• Cost-efficient irrigation system 
• Large sites (scale effects) 
• Minimised topsoil removal 
• Maximised share of Sphagnum production fields compared to infrastructure 
• Optimised management costs (e.g. weed mowing) 
• Technological maturity (e.g. adapted machinery) 

Basic assumptions 
• Rotation length of 5 years 
• Total cultivation time of 20 

years 
Limited data and experience 
• Only one pilot site 
• Only the first 5 years 

Revenues 
 

• High productivity 
• Niche markets with higher prices 
• Marketing: Top-up by end consumer for renewable growing media 
• Eligibility for agricultural subsidies 
• Payments for ecosystem services 

Yield 
• Bulk density  harvested 

volume 
• Share of remaining biomass 
• Regrowth potential 
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Ahead of the high initial costs, management costs 
were identified as most important for the Present 
Values (Figure 6a). Optimising weed mowing on the 
Sphagnum production fields seems most promising 
since it caused the highest costs (41 %, Figure 4). In 
order to identify cost-efficient management options 
further research is needed on different machinery 
(single-axle mower vs. excavator; autonomous 
vehicles), the mowing regime (frequency, with or 
without removal of cuttings), influence on Sphagnum 
productivity and coverage of weeds as well as 
tolerable quantities of non-Sphagnum biomass in the 
growing media. Large-scale harvesting of cultivated 
Sphagnum using an excavator with mowing bucket 
proved to be a feasible option. Developing alternative 
mowing machinery that can drive onto the production 
fields without harming Sphagnum productivity 
would allow reduced causeways and an enlarged 
share of production area (Wichmann et al. 2017). 
 
Uncertainties 
While the field trial provided good data on 
productivity and costs for the first rotation period 
(five years), major uncertain points of the NPV 
calculations encompass the harvested volume (few 
data on bulk density), the assumption on remaining 
biomass for regrowth and the up-scaling to a total 
cultivation time of 20 years (Table 3). 

Profitability obviously depended on the harvested 
yield. Additionally, we clearly showed that the bulk 
density is equally important. Low yields with low 
bulk density and high yields with high bulk density 
delivered comparable results (Figure 8). Since the 
conversion factor is little investigated as yet (Figure 
5b, Table A3), it adds uncertainty to the calculations 
of both revenue and cost. The wide range of dry mass 
bulk density (for sensitivity analysis we used 20 and 
38 g L-1) is confirmed by literature values of 14 and 
29 g L-1 (Schmilewski 2018), on which basis the 
values applied in our calculations appear to be 
comparatively conservative estimates. However, the 
bulk density of Sphagnum biomass needs to be 
investigated throughout the production chain from 
field to flowerpot and in relation to Sphagnum 
species, fragment size, moisture content, processing, 
growing media composition and its stability over 
lifetime. 

Basic assumptions of the investment appraisal 
still have to be proven by real practice. The optimal 
rotation length, the regrowth potential and the 
possible total cultivation time have to be tested. A 
total cultivation time shorter than 20 years strongly 
increases annual costs whereas altering the discount 
rate has limited effect (Wichmann et al. 2017). 
Although we assumed an equal share of biomass 

remaining for regrowth (35 % of the grown-up 
biomass) to calculate harvested yields, it is likely that 
the share is larger in the case of low productivity and 
smaller in the case of high productivity. Furthermore, 
to forgo about one third of the grown-up biomass and 
leave it for regrowth of the Sphagnum lawn may turn 
out to be less feasible and less profitable than to 
harvest the total biomass and accept the costs of new 
establishment. 

Research on Sphagnum productivity, including 
the selection of species, provenances and breeding, 
will increase yields (Gaudig et al. 2018). Further 
large-scale Sphagnum farming sites are needed to 
implement options for cutting costs, to identify 
further improvements and to enlarge the basis of 
reliable cost data. Finally, revenues need to cover not 
only proportionate variable and fixed production 
costs as calculated in this study but also general, land 
(purchase or tenure) and marketing costs as well as 
risk premium and entrepreneurial profit. 
 

Market prospects of Sphagnum biomass 

‘Niche markets’ 
The price for the produced Sphagnum biomass has, 
not surprisingly, the highest effect on profitability 
(Figure 8). High-value applications with high 
revenues allow entry to the European market with the 
first yields of Sphagnum farming sites at cost-
covering prices despite higher initial costs. Next to 
use as founder material for Sphagnum farming and 
restoration (regional provenances), ‘niche markets’ 
encompass substrates for carnivorous plants, for 
vivaria with amphibians, reptiles and spiders, or for 
hanging baskets, wreaths and vegetation walls 
(Wong et al. 2016). The high capacity to absorb and 
retain fluids and anti-microbial properties offer a 
wide range of applications. Using Sphagnum biomass 
as insulation and packaging material, for food 
preservation, medical dressings, nappies and sanitary 
towels are among traditional (Thieret 1956, Glime 
2007) as well as current applications (Zegers et al. 
2006). Further research on biological properties and 
compounds will probably pave the way for new 
utilisation options (Taskila et al. 2015) such as, for 
instance, Sphagnum extracts as sources of natural 
sunscreen (Mejía-Giraldo et al. 2015). 

Nowadays, the major field of application is the 
cultivation of ornamental plants, in particular 
orchids, that turned Sphagnum biomass into an 
international high-value commodity with the image 
of ‘Green Gold’ (Orchard 1994). Sphagnum moss 
gathered from wild populations in countries such as 
Chile, New Zealand, Australia and China is sold 
mainly to the global centres of orchid production in 
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Asia like Taiwan, Japan and South Korea (Whinam 
et al. 2003, FIA 2009, INFOR 2010). Europe plays a 
minor role in the worldwide Sphagnum market. In 
2009, 72 % of the Chilean export volume went to 
Asia and only 10 % to Europe (INFOR 2010). In 
2018, the total exports from Chile had increased by 
19 % in volume and by 60 % in revenues, whereas 
the share that went to Europe had decreased to less 
than 5 % of total volume as well as revenues (INFOR 
2019). A total quantity of about 9000 m3 of 
Sphagnum was imported to The Netherlands, France 
and Germany in the year 2013 (Schmilewski 2017). 
To produce this amount of Sphagnum biomass, 41 to 
167 ha of Sphagnum production fields with high to 
low yields (220 m3 to 54 m3 ha-1 yr-1) would be 
required. In the light of overexploitation of sensitive 
peatland ecosystems in the Southern Hemisphere 
(e.g. Zegers et al. 2006) and the long distance 
transport, sustainably cultivated Sphagnum gains a 
competitive edge on the European market. Niche 
markets with higher revenues are important to start 
up commercial scale Sphagnum farming. Addressing 
larger markets is necessary, however, to establish 
Sphagnum farming as alternative to predominant 
drainage based bog grassland farming in North West 
Germany. 
 
Renewable substitute for peat in horticulture 
The medium-term objective of Sphagnum farming is 
to replace considerable quantities of peat in 
professional horticulture in order to contribute to 
phasing out peat extraction. The current price of peat 
is obviously so low that Sphagnum biomass cannot 
compete (Figure 6), but the market price does not 
account for the external costs related to peat 
extraction. European politicians, environmental 
organisations and consumers are increasingly aware 
of negative effects such as climate change and 
biodiversity loss. The acceptance of higher prices for 
plants grown in peat-free or peat-reduced growing 
media can be assumed. Since the share of growing 
media costs in total horticultural production costs is 
low (< 2 %), increasing its price from € 25 to 
€ 125 m-3 would increase the final product price by 
only 10 %. A break-even price around € 100 m-3 

seems achievable for cultivated Sphagnum biomass 
(Table 2). The growing media industry already pays 
higher prices for alternative raw materials, such as 
€ 35–45 m-3 for coco products; and the use of coco 
products nevertheless almost tripled from 2005 to 
2013 (Schmilewski 2017). Depleted resources of 
‘white peat’ in Central Europe (Schmatzler 2012), the 
dependence on imports from Scandinavia, Ireland 
and especially the Baltic countries with higher prices 
due to increasing labour and transport costs 

(Falkenberg 2008), and phasing-out plans as 
discussed already for the UK (Alexander et al. 2008, 
DEFRA 2010), Switzerland (Federal Council of 
Switzerland 2012, 2017) and Germany (BMUB 
2016) will increasingly restrict extraction and 
utilisation of peat. On functioning markets, shortage 
increases product prices. Additionally, instruments 
such as carbon taxation may internalise the external 
costs of peat utilisation into production costs and thus 
also increase market prices of peat as well as the 
economic competitiveness of alternative raw 
materials in the future. 

Although attempts to replace peat date back to the 
1980s (Gruda 2012), the application rates of 
alternative constituents in growing media remain low 
with an average share of 25 % in Europe and 19 % in 
Germany (Schmilewski 2017). The share is 
considerably lower in professional substrates than in 
potting soils for the hobby market; it was 11 % vs. 
27 % for growing media produced in Germany in 
2013 (ibid.) compared to 7 % and 6 %, respectively, 
in 2005 (Schmilewski 2008a), i.e. the use of 
alternative constituents increased mainly in hobby 
market products. Raw materials such as green-waste 
compost, composted bark and wood fibre are limited, 
however, in their qualitative suitability to fulfil 
professional demands (Schmilewski 2008b). Critical 
undesired properties like high pH, high salt content 
and poor water holding or air capacity need to be 
compensated by mixing with other raw materials, 
usually peat (ibid.). 

In contrast, Sphagnum biomass has similar 
properties to ‘white peat’, can replace peat at 50 % by 
volume for most potting substrates and has been 
successfully used with larger shares up to 100 % in a 
wide range of horticultural applications (Gaudig et al. 
2018). In tests with cucumber, tomato and lettuce 
Sphagnum biomass proved to be a better growing 
medium than ‘white peat’ or mineral wool, leading to 
a recommendation that Sphagnum biomass could be 
harvested from wild populations in Finland (Silvan et 
al. 2012). In 2016, a total amount of 15,000 m3 was 
collected industrially, but technology and logistics 
still need improvement (Tekes 2017). The 
environmental impact is reduced compared to peat 
extraction as stressed by Silvan et al. (2017). 
Nevertheless, collecting Sphagnum biomass from 
living bogs is falsely claimed to be “climate neutral” 
(Joosten 2017). Removing biomass from 
(near-)natural bogs prevents it from turning into peat 
and contributing to the long-term carbon store. 
Furthermore, an average harvesting depth of 30 cm 
(Silvan et al. 2017) is likely to extract not only fresh 
Sphagnum biomass but also slightly decomposed 
peat. 
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While Finland produces 0.9 million m3 of growing 
media, Germany is with 8.4 million m3 the most 
important producer country and responsible for 24 % 
of the European production (Schmilewski 2017). 
Considering the use of ‘white peat’ for growing 
media production, Germany also ranks first in Europe 
(23 %), followed by the traditional producer 
countries Netherlands and Italy as well as Latvia and 
Lithuania which have been gaining importance since 
the 1990s (all between 9–12 %) (ibid.). To substitute 
the current annual German industry demand of ~3.5 
million m3 of ‘white peat’ with cultivated Sphagnum 
biomass, one third of the bog grassland area in 
Northwest Germany (35,000 ha) would be sufficient 
(Wichmann et al. 2017). In addition, Sphagnum 
biomass may be used in pressed pot substrates 
(Emmel 2017) to reduce the share of ‘black peat’, i.e. 
highly decomposed peat, for which the current 
German industry demand amounts to 3.2 million m3 
(Schmilewski 2017) to 6 million m3 (Falkenberg 
2008). The future demand will be less, however, if 
other – including not yet known – substitutes become 
available, if countries and regions currently relying 
on imported peat-based growing media from 
Germany start to produce substrates from own 
renewable resources, and if soil-free plant production 
methods expand. Ecological issues such as the CO2 
footprint will determine the choice of growing media 
and cultivation methods in the near future (Gruda 
2019). 
 
Is Sphagnum farming an alternative to drained 
bog grassland? 
Sphagnum farming has been proved to be technical 
feasible. This includes establishing commercial 
Sphagnum cultures on formerly drained bog 
grassland, ensuring high productivities and using 
existing machines for harvesting and processing the 
grown-up biomass. Sphagnum biomass is a valuable 
product for a wide range of applications, especially 
for the large growing media market. From the 
farmer’s point of view, there are still major obstacles 
to Sphagnum farming: founder material is rare, the 
investment costs are high, first revenues are received 
only after five years, special machinery is needed, 
productive land is lost due to the currently high share 
of infrastructure, European and regional regulations 
limit the transformation of grassland into permanent 
cultures, the eligibility for agricultural subsidies is 
insecure, and incentives for mitigating GHG 
emissions are missing. In contrast, drained bog 
grassland for dairy farming is an established land use, 
considered as typical cultural landscape and 
supported by agricultural payments. For abandoning 
current peatland utilisation, Röder & Osterburg 

(2012) identified short term opportunity costs of 
€ 1700 ha-1 yr-1 for North West Germany, the highest 
standard gross margin values across Germany. The 
long-term profitability, however, which includes 
covering the costs of dairy cowsheds, machines, 
labour and land, is highly dependent on public 
payments, mainly via Pillar I and Pillar II of the EU 
Common Agricultural Policy (CAP). According to 
statistical data, 67 % of the ten-year average net profit 
of € 736 ha-1 yr-1 for dairy farms located in Lower 
Saxony was provided by public payments, with the 
share ranging from 36 % in years with a high milk 
price to 99 % during the milk price crisis in 2014/15 
and 2015/16 (BMEL 2018 and previous years). 

From the societal perspective, stopping drainage 
and raising peatland water levels to the surface is 
required to contribute to climate protection. To align 
agricultural policy to climate policy, agricultural 
subsidies for drainage-based peatland use need to be 
phased out in a first step and in a second step raising 
water levels should be prescribed. To initiate the 
paradigm shift to climate-smart agriculture on 
peatlands, a set of attractive economic incentives will 
be necessary such as compensating for the high initial 
investment, facilitating large-scale implementation 
by supporting advice and cooperation, long-term 
schemes remunerating reduced GHG emissions as 
well as the provision of other ecosystem services and 
increasing market demand for climate friendly 
products, e.g. via public procurement (Wichmann 
2018). Sphagnum farming is currently the only 
alternative for rewetted bog sites that combines 
productive use with substantial peat preservation, but 
research and development are still at an early stage. 
This study provided a first micro-economic 
assessment of Sphagnum farming based on 
experience at a single pilot site. Further research is 
needed to improve technical maturity, cut costs and 
assess the external effects of Sphagnum farming 
compared to peat extraction and agriculture on 
drained peatlands. The first results indicate benefits 
through reduced GHG emissions (Günther et al. 
2017), sequestered nutrients (Temmink et al. 2017) 
and increased biodiversity (Muster et al. 2015, 
Gaudig & Krebs 2016). Decision making on peatland 
use alternatives requires a complete picture of costs 
and benefits for the whole society; the profitability at 
farm level is only one part of this. 
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Appendix 
 
 
 
Table A1. Costs of establishing a Sphagnum farming pilot site on former bog grassland, given as proportionate 
cost per partial net production area (€ ha-1). 
 

  Scenario A  Scenario B  Outlook 
  High costs  Medium costs  Reduced costs 
Data from  2011  2016 Compared to 2011  Estimates c 
Establishment a        
̵ Site preparation  € ha-1 14,615  36,287 + 148 % 14,000 
̵ Investment for 

water management € ha-1 45,952  22,334 - 51 % 10,000 

̵ Sphagnum shootsb € ha-1 58,467  34,779  - 41 % 20,000 
̵ “Seeding work” € ha-1 8856  5046 - 43 % 5000 

Total € ha-1 127,862  98,446 - 23 % 49,000 

a Establishment cost in 2011, total net production area: 2 ha (cf. Wichmann et al. 2017), in 2016 for the extension area of 3.6 ha, total net production 
area: 5.6 ha. 

b Sphagnum shoots as founder material were bought at a price of € 750 m-3 in 2011, costs in 2016 equate proportional costs of cultivating and harvesting 
own founder material over five years.  

c Estimates are based on values from year 2011 (site preparation) and 2016 (“seeding work”), a medium break-even price of € 250 m3 calculated for a 
total cultivation time of 20 years (Table 3 this study) and a cost-efficient irrigation system (cf. Wichmann et al. 2017). 

 
 
 
Table A2. Costs of managing and harvesting a Sphagnum farming pilot site on former bog grassland (1st 
rotation period: 2011-2016), given as proportionate cost per partial net production area (€ ha-1) and costs of 
transport and processing of harvested Sphagnum biomass (€ m-3). 
 

  1st rotation period    (Scenario A - high costs) 

  2011 2012 2013 2014 2015 2016 
Management a        
̵ Water management € ha-1 2368 1799 3279 2934 2378 1221 
̵ Site maintenance € ha-1 1447 5075 10,653 7172 11,772 1897 

Total € ha-1 3815 6874 13,932 10,106 14,150 3118 
Harvest        
̵ Mowing € ha-1      5880 
̵ Field transport € ha-1 - - - - - 6772 

Total € ha-1      12,652 
Transport, Processing        
̵ Loading b € m-3  - - - - - 0.35 
̵ Road transport b € m-3  - - - - - 3.20 
̵ Cleaning c € m-3 - - - - - 3.24 
̵ Screening c  € m-3 - - - - - 0.64 

Total € m-3 - - - - - 7.43 
a Management costs from May 2011 till June 2016, i.e. 62 months in total; for details see Figure 4. 

b Based on the costs of handling peat: loading with wheel loader at € 75 h-1 (20 minutes per lorry) and transporting with lorry and trailer (75 m3, 21 t 
additional load) from field site to processing plant (70 km; € 240). 

c Based on the costs of processing “white peat” in vapour treatment facility and screening line. 
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Table A3. Mean bulk density of fresh Sphagnum biomass (FM g L-1) according to EN 12580 and calculated 
dry mass bulk density (DM g L-1) in dependence of the water content. 
 

Origin Predominant Sampling Processing and storage Water  Mean bulk density 
 species Year n  % FM g L-1 DM g L-1 
Sphagnum  S. palustre, 2013 4 none 93.8 199.5 12.3 
farming on S. fallax 2015 3 drying on a concrete slab 28.5 (24.9)a (17.8) 

bog grassland,   2015 3 chopping, pressing 87.2 153.3 19.6 
NW Germany  2015 3 chopping 91.4 248.7 21.4 

  2017 3 storage over winter in the field, vapour 
treatment, screening: fine fraction 91.5 282.8 24.1 

  2017 3 storage over winter in the field, vapour 
treatment, screening: coarse fraction 87.3 237.6 30.1 

Sphagnum S. papillosum 2015 3 drying on a concrete slab 24.1 31.1 23.6 
farming on  2015 3 storage in a pile  75.9 108.1 26.1 
cut-over bog,  2015 3 storage in a bag 76.0 125.5 30.1 
NW Germany  2015 3 vapour treatment, 10 min 84.8 223.6 33.9 
  2015 3 vapour treatment, 20 min 78.7 166.6 35.4 
  2015 3 vapour treatment, 20 min 82.3 269.9 47.8 
Near-natural S. fuscum 2016 3 pressing, screening: coarse fraction 87.5 243 30.4 
peatland,   2016 3 pressing, vapour treatment 88.5 269 30.8 
Finland  2016 3 pressing 87.0 274 35.5 
  2016 n.a.b pressing, screening: fine fraction 87.1 (343) (44.3) 
Mean ± 1 SD       29.0 ± 9.36 

a Measuring the bulk density was hampered by the very dry and brittle biomass. 
b The value was not measured according to EN 12580 but by the volumeter in the growing media production facility. 
 
 
Table A4. Present Values (PV) of Sphagnum farming at high costs (Scenario A) and medium costs (Scenario 
B) at different levels of harvested yield, bulk density and price (DM = dry mass). Highlighted cells indicate 
positive Net Present Values (NPV), i.e. profitable cases. 
 
Average productivity DM t ha-1 yr-1   3.1 4.9 6.8 

Average yield DM t ha-1 yr-1   2.0 3.2 4.4 

Harvested yield DM t ha-1   10 16 22 

Bulk density DM g L-1   38 20 38 20 38 20 

Volume m3 ha-1   263 500 421 800 579 1,100 

PV (Cost-A)   € ha-1 311,734 316,665 328,317 336,207 344,900 355,749 

PV (Cost_B)   € ha-1 243,260 248,191 259,843 267,733 276,426 287,275 

PV (Revenue) Price (€ m-3) 25 € ha-1 18,436 35,028 29,497 56,045 40,559 77,062 

  165 € ha-1 121,676 231,185 194,682 369,896 267,688 508,607 

  750 € ha-1 553,074 1,050,840 884,918 1,681,344 1,216,762 2,311,848 

NPV_A Price (€ m-3) 25 € ha-1 -293,298 -281,637 -298,820 -280,162 -304,342 -278,687 

  165 € ha-1 -190,058 -85,481 -133,635 33,689 -77,213 152,858 

  750 € ha-1 241,340 734,175 556,601 1,345,137 871,862 1,956,099 

NPV_B Price (€ m-3) 25 € ha-1 -224,824 -213,163 -230,346 -211,688 -235,867 -210,213 

  165 € ha-1 -121,584 -17,006 -65,161 102,163 -8,738 221,332 

  750 € ha-1 309,814 802,649 625,075 1,413,611 940,336 2,024,574 
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