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REWETTED  PEATLANDS  AS  SOURCE  FOR  BIOENERGY  PRODUCTION 
 

The global biomass demand for food and fodder as well as for energy production will continuously in-
crease in the near future, leading to increasing pressure on land use. For example, agriculture and forestry 
on drained peatlands will substantially change the physical, biological and chemical soil properties and re-
sults in peat degradation, accompanied by huge emissions of greenhouse gases. Peatlands cover an estimat-
ed area ca. 400 million ha, equivalent to 3 % of the Earth’s land surface [1]. According FAO only 15 % per-
cent of peatlands are drained and used for agriculture, grazing, peat mining and forestry, especially for bio-
energy plantations, but causing almost 6 percent of total anthropogenic CO2 emissions and almost 25 per-
cent of the GHG emissions from the entire land use [2].  

This paper describes an alternative opportunity of using peatlands for bioenergy production, avoiding 
soil degradation and reducing fossil fuel based GHG emissions by replacing such fuels. Several peat forming 
plant species such as Common Reed or Sedge species as well as Reed Canary Grass can be produced on 
rewetted peatlands. Common Reed (Phragmites australis) e.g. grows rapidly and the annual yields will 
reach between 3.6 up to 43 t dry matter per ha and year under Central European conditions (depending on 
water level, nutrient availability and pH values) [Wichmann et al. 2009].  The heating value of reed 
(17.7 MJ/kg) is remarkable and comparable with Miscanthus. Modified conventional agricultural technolo-
gies are suitable to harvest, compact, transport and store the reed and well established conversion technolo-
gies as e.g. boiler technologies for straw can be used for the utilization of the reed biomass. 
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General Background Information 

It is estimated that globally approx. 550 Gt carbon, representing 30 % of the total carbon in soils is 
stored in peat soils [3]. Northern Europe, especially the regions around the Baltic Sea, such as e.g. Finland, 
Sweden, Russia, Estonia, Latvia, Lithuania, Poland and Germany originally enclose large natural wetland 
areas [4] but huge shares (almost 45 %) of the peatland area in the Nordic region have been drained and emit 
almost 80 Mt of CO2 annually, i. e. 25 % of the total CO2 emissions of these countries [5]. Rewetting of such 
areas and the production of energy biomass from peat forming plant species on the rewetted areas can result 
in a substantial reduction of the CO2 emissions and contribute to climate protection. After rewetting, an in-
crease of CH4 emissions may occur effecting the reduction of GHG emissions because CH4 has a 23 times 
stronger climate effect compared to CO2, but the overall result of rewetting is likely to be a reduction in 
global warming potential [6]. 

According [5] the net greenhouse gas emissions from rewetted peatlands are significantly lower com-
pared to the previous drained situation (see table 1).  

 

Table 1 
 Emission reduction after rewetting of former drained peatlands (according [5]) 

 

Initial land use of drained peatlands Emission reduction after rewetting in t CO2equiv/(ha *year) 
Temperate zone Boreal zone 

Forest land 6 2 
Cropland 28 34 
Grassland 20 25 
Peat extraction 9 11 

 

An additional benefit arises when biomass is produced on these areas and their energetic use replaces 
fossil fuels. A typical yield of wetland biomass of 12.5 t dry matter per ha and year (average common reed 
yield measured in field tests in Northern Germany [7]) can replace 7,5 tons of coal equivalent (1 TCE = 
8.142 MWh) and thus reduce fossil fuel based GHG emissions. 
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Productivity of rewetted peatlands 
The productivity of rewetted peatlands varies depending on the plant species dominating the vegeta-

tion (e.g. Reed, Reed Canary Grass or Sedges), climate conditions of the respective site, weather conditions 
during the year of sampling, harvesting time and other specific site conditions such as medium water levels 
and nutrient conditions [8]. Depending on water regime, trophy level, seed potential and other factors, the 
development of the vegetation first leads to reed beds of Reed Canary Grass (Phalaris arundinacea), Sweet 
Reedgrass (Glyceria maxima), Common Reed (Phragmites australis), or Cattail (Thypha spec.), more rarely 
to sedge (Carex spec.) reed-beds, but also to Grey Willow (Salix cinerea). After rewetting the plant commu-
nities develop spontaneously, and the biomass can be harvested according to the intended use. Because of the 
productivity of such a site and the possible yield of biomass (see Table 2), the site adapted and sustainable 
use of rewetted peat lands for the production of biomass is an innovative and cost effective chance for agri-
culture. It’s assumed that high productivity yields of about 10– 15 tons dry biomass per hectare and year are 
possible and 2 Million tons dry biomass for the Energy production could be harvested from this peatlands 
e.g. in Northern Germany [10]. 

 

Table 2 
 Productivity of selected reeds and wetlands [11] 

 

Dominant species Productivity in tDM/(ha*year) 
Common Reed (Phragmites australis)  3.6–43.5 
Cattail (Typha latifolia)  4.8–22.1 
Reed Canary Grass (Phalaris arundinacea)  3.5–22.5 
Sweet Reedgrass (Glyceria maxima)  4.0–14.9 
Lesser Pond-sedge (Carex acutiformis)  5.4–7.6 
Great Pond-sedge (Carex riparia)  3.3–12.0 
Fallow wet grassland 6.4–7.4 
High-intensity grassland 8.8–10.4 

 

As shown in Table 2 especially common reed has a high potential for biomass production. Average 
yields of about 12.5 t of dry Reed biomass per hectare and year were found for sites surveyed in eastern 
Germany during the research project ENIM [7]. For Cattail average yields of about 15 tDM/(ha*year) are re-
ported in pilot trials in the Donaumoos (Germany) [13] and similar results with average yields of 
13 tDM/(ha*year) are reported for other sites e.g. in Canada [12]. Yields can rise up to 30 tDM/(ha*year) as 
reported e.g. from studies in the US [9]. Reed Canary Grass (RCG) and a wide variety of Sedges species are 
further possible biomass sources growing on wetlands. Reported RCG yields for northern Germany range 
between 3.5–22.5 tDM/(ha*year) [11] and 3.9–9.6 tDM/(ha*year) for sites studied in Belarus [8]. Yields for 
Sedges are reported for selected sites in Belarus in the range between 7.0–31.1 tDM/(ha*year) [8] and 7.9–
22.3 tDM/(ha*year) for North- and Central US [9]. It can be summarized that typical yields for all above men-
tioned perennial peat forming biomass sources in natural stands the productivity will range between 3.5–
22.5 tDM/(ha*year). Some sites show even higher productivities, as mentioned before caused by factors such 
water levels and nutrient conditions. According Kask et al. the productivity can be substantially increased by 
adding nutrients and yields between 40–50 tDM/(ha*year) might be possible [14].     

 

Management of peatlands and harvesting of the biomass sources 
Conventional agricultural machinery is usually unable to operate on wet or rewetted peatland because 

the machinery sinks deeply into the ground, exerting excessive stress on the sward [15]. The load-bearing 
capacity of the soil is determined by the soil moisture (water level) and the vegetation cover (e.g. character-
ized by the respective plant species). Traditional agricultural management of wetlands requires the lowering 
of water levels [7], but since paludiculture is a new approach for agriculture and forestry on wet and rewetted 
peatland and the main goal is to use the land in such a manner that peat degradation, greenhouse gas emis-
sions and nutrient losses are significantly reduced or avoided in comparison to drained based utilization of 
peatlands [16]. Lowering the water level through drainage is contra productive to this goal. Options to reduce 
the risks/problems of sward damage would be: 

• to restrict the harvesting time for the winter period, when the soil is frozen, 
• using special designed agricultural machinery with lower weight, or 
• to adopt existing agricultural machinery to reduce ground pressure and prevent damage of the peat 

soils. 
Restriction of the harvesting time to the winter period seems to be the simplest way for the environ-

mental sound management of wet peatlands since additional investment is limited. Further advantage would 
be the low water content of the harvested biomass during winter resulting in higher caloric values and re-
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duced competition with other agricultural activities. Studies have shown that even the content of unwanted or 
critical fuel components (such as chlorine, potassium etc.) is significantly lower in wetland biomass harvest-
ed during winter. Unfortunately, in many cases even winter harvesting on ice or frozen ground is not possible 
caused by mild temperatures during wintertime’s and in many regions global warming can make winter har-
vesting completely impossible for the future.   

The use of special designed machinery with lower weight requires additional investment. According 
[15] small-sized machinery with lower weight for harvesting wet sites is widely available, but usually char-
acterized by low engine performances and small load capacities, which make harvesting time-consuming and 
expensive. In combination with the additional required investment costs for such machineries this option will 
directly influence the fuel supply costs and reduce the profitability of projects. Nonetheless for the develop-
ment of new (large scale) projects this would be a suitable opportunity. In each case the pre-conversion lo-
gistic including all the respective costs has to be considered for the feasibility of such projects.  

As a simple opportunity for adapted conventional agricultural machinery could be the use of twin tires, 
low-pressure tires or the caterpillar bands pulled over the tires to convert a wheeled vehicle into a tracked 
one [15]. Such measures can increase the contact with the ground and decrease the ground pressure per sur-
face unit. The required investment is lower compared to special designed machineries, but the use of such 
adopted machinery is often restricted to moderate wet areas, periods with lower water level or frozen 
grounds.  

Finally, it must be stated that there is no general approach for an optimal site management. Each op-
tion has specific advantages and disadvantages that make it suitable for specific applications. 

 

Fuel properties 
Biomass feedstock’s distinguish between each other in a wide range and show significant differences 

towards solid fossil fuels. The essential difference is expressed by the caloric value (CV) and the elementary 
compositions of the fuels. Some selected results of the proximate- and ultimate-analysis of wetland biomass-
es from different regions are shown in Table 3 and compared with other potential biomass fuels and coal as 
typical solid fossil fuels. As shown in the table, the CV of common reed and reed canary grass is significant 
lower than the heating value for fossil fuels and requires higher fuel inputs for the same energetic output 
(which is generally valid for all solid biomass fuels). However, compared to other biomass fuels the relative 
high value of 17.5 – 18.9 MJ/kg indicates that biomass produced on peatlands can be used as a promising 
energy source. The nitrogen content is low, so that no problems concerning nitrogen oxide emissions are ex-
pected (for biomass combustion processes only the formation of NOx from fuel nitrogen is important, the 
formation of thermal NO occurs only at high temperatures to a great extent and plays a minor role during 
biomass combustion) [17]. Compared to pine wood the higher contents of chloride, sulfur and ash might 
cause problems regarding emissions and process management if the reed is used in conventional combustion 
technologies. Sulfur and chlorine are air-polluting elements. During combustion these elements mainly con-
vert to SOx and HCl. Especially the chloride content could increase the risk of Cl-corrosion [18]. 

 

Table 3 
 Comparison of fuel analysis for wetland biomass sources from different regions with other biomass samples and fossil 

fuels  

Fuel species CV (mf) 
[MJ/kg] 

Volatile 
[%] 

Ash 
[%] 

Ultimate analysis (mf) in % 
C H N O S Cl 

Solid Fossil Fuels 
hard coal 31.8 38.8 6.3 79.4 5.1 1.5 6.6 1.0 <0.2 
brown coal 27.0 55.0 7.6 68.4 5.5 1.8 15.4 1.3 - 
Reed samples from different regions 
Northern Germany*1 17.7 66.8 8.8 46.5 5.9 0.3 42.5 0.14 0.16 
Estonia*2 17.76 n. a. 3.2 47.5 5.56 0.31 43.34 0.04 0.11 
Belarus*3 n. a. n. a. 5.7 45.52 n. a 0.7 n. a. 0.11 0.05 
Finland *4 18.92 81.8 2.1 – 4.4 47.5 5.6 0.3 43.3 0.04 0.11 
Reed Canary Grass samples from different regions 
Northern Germany*5 17.5 n. a. 10 43.29 5.79 1.17 38.17 0.19 1.39 
Belarus*3 n. a. n. a. 3.0 – 4.3 46.7 n. a. 0.75 n. a. 0.12 0.013 
Finland *4 17.6 74.0 5.5 46.0 5.5 0.9 n. a. 0.1 0.09 
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Continuation of table 3 

Fuel species CV (mf) 
[MJ/kg] 

Volatile 
[%] 

Ash 
[%] 

Ultimate analysis (mf) in % 
C H N O S Cl 

Other Biomass Fuels 
Miscanthus 17.8 81.0 2.7 47.2 6.5 0.7 41.7 0.13 0.23 
Pine wood 18.7 84.0 0.3 50.9 6.6 0.2 42.0 0.02 0.01 
Wheat straw 17.1 79.6 5.3 46.7 6.3 0.4 41.2 0.1 0.4 
grain straw 17.5 80.1 4.6 47.0 6.2 0.4 41.7 0.1 0.34 
Maize straw 16.8 - 5.3 45.6 6.4 0.3 43.3 0.04 0.16 
Rape straw 17.0 78.7 6.5 48.3 6.3 0.7 38.0 0.2 - 

Note: *1 from Barz et. al. (2007), *2 Kask et. al. (2007), *3 Wichtmann et al.  (2011), *4 Komulainen et al. (2008), 
*5 Wichtmann et al. (2009). 

 
 

The values for ash content of the different reed samples vary in a wide range (e.g. for reed canary 
grass between 3% in Belarus and 10% in Northern Germany) which might be caused by different harvesting 
methods. Samples in Germany were taken from reed bales, harvested and compacted by conventional agri-
cultural machinery, whereas samples in Belarus were collected manually.  

 

Suitable conversion technologies 
Different conversion pathways for wetland biomass can be considered regarding the harvesting time 

and the resulting biomass qualities. Winter harvest or late autumn harvest e.g. will lead to lower water con-
tent (combined with higher heating values) because first frosts will dry the stand so that it can be harvested 
and directly stored and used for thermochemical conversion like conventional combustion [19]. Harvest dur-
ing the vegetation period (e. g. during flowering) will provide high yields too, but the water content (60–
80 %) will lead to a significant reduction of the heating value and the biomass must be dried on the fields or 
in technical installations before stored or used in a combustion plant. Especially since grass silages are in-
creasingly being used in biogas plants, the use of early harvested wetland biomass for biogas plants is a 
promising opportunity too. In this case plants like reed canary grass or sedges can be harvested 2–3 times 
during the vegetation period for the generation of substrates for biogas plants and an additional late autumn 
or winter harvest can provide biomass for a combustion plant.  

In recent years, many projects studied the opportunity to use peatland plant species such as common 
reed, reed canary grass, sedges and cattail for energy purposes. Anaerobic digestion to produce biogas from 
grasses is today an interesting opportunity to provide alternative substrates for many existing biogas plants. 
Technologies include so called dry fermentation processes and classical wet fermentation processes where 
grass is used as co-substrate together with animal manure to improve the stability of the biogas process. High 
yields of e. g. up to 0.78 m³/kg dry matter are reported for dry fermentation experiments using silage from 
reed canary grass in Germany by [18]. Studies of the Lithuanian Research Centre for Agriculture and Forest-
ry in 2008–2010 have shown that high biogas yields could be obtained from grasses. In general, the investi-
gated biogas yields from different grass species using different harvest periods and methods varies in a very 
wide range (from 0.08 to 0.86 m3/kg dry matter) [20].  

For combustion two main technologies, a) fixed bed combustion and b) fluidized bed combustion sys-
tems are suitable to use such biomass as fuel for heat or heat and power generation. Since fluidized bed sys-
tems are more complex and require higher investment costs, an economic operation of the plants is only pos-
sible at high capacities (above 10 MW for bubbling fluidized bed systems and above 50 MW for circulating 
fluidized bed systems). Such technologies are a promising opportunity to use wetland biomass sources e.g. 
through co-combustion with coal in conventional power plant applications. Since herbaceous biomass 
sources have (compared to woody biomass fuels) usually higher contents of ash, N, S, K, Cl, etc. (see table 
3), leading to higher emissions of NOx, particulates, corrosion, and deposits, co-combustion seems to be a 
good choice for the energetic utilization. Coal fired power plants are equipped with efficient flue gas clean-
ing and air pollution control systems ensuring an efficient and environmental sound combustion. Caused by 
the low density of the baled biomass long distance transportation is not suitable this option is only suitable if 
conventional coal fired power plants are located close to the production sites of the biomass sources. For this 
reason, fixed bed combustion systems are more favorable for decentralized (small scale) projects [17]. The 
two main types of fixed bed combustion systems are underfeed stokers and grate firing systems. Underfeed 
stokers are relatively cheap, but only suitable as small-scale systems. They have the advantage of being easi-
er to control than other technologies, since load changes can be achieved quickly and with relative simplicity 
due to the fuel feed method. Fuel is fed into the furnace from below by a screw conveyor and then forced 

ЭКОЛОГИЧЕСКИЙ ВЕСТНИК, 2017, № 1 (39)             101 



upwards onto the grate where combustion process occurs. Disadvantage of the systems is that underfeed 
stokers are limited to low ash content fuels such as wood chips due to ash removal problems [17]. 

Grate firing systems, such as moving grate, traveling grate or vibrating grate boilers can accommodate 
fuels with high moisture and ash content [21]. They allow a continuous and automatic operation since the 
fuel is fed on one side of the grate, then disposed on the whole grate and burned completely when the grate 
has transported the fuel to the ash dumping site of the furnace. Such systems can be used in a wide capacity 
range, starting with only a few kW up to several MW as e.g. in the power plant sector. Within a research pro-
ject financed by the German Federal Environmental Foundation (DBU), biomass from rewetted peatlands 
(especially common reed and reed canary grass) was used as fuel in an ORC (Organic Rankine Cycle) heat 
and power co-generation plant in Friedland (Germany). The used combustion system was a moving grate 
firing system with a maximum thermal capacity of 10 MW. Since the plant was usually designed to use 
wood chips as fuel an operation with 100 % of wetland biomass was not possible. During the project the 
boiler was fed with a mixture of wood chips and common reed and reed canary grass from the Peene valley 
peatlands. Since the combustion behavior and the particle size of wood chips are quite different from those 
of reed and reed canary grass, a stable operation was only possible with a mixture of up to 1:5 (weight pro-
portion RCG:wood). Higher portions of reed and/or reed canary grass led to problems in biomass supply of 
the plant because of volume differences when feeding the fuel into the boiler caused by the bulky structure of 
the fuel inducing blockages in the stoker. Not only differences in volume, but also in humidity led to difficul-
ties in the burning process [7]. A possibility to solve the problems would be pelletizing or briquetting of the 
loose and gramineous biomass before feeding the boiler. Experiments to use pellets from reed and reed ca-
nary grass in small scale 50 kW fixed grate combustion system did not show any disadvantages compared to 
other biomass fuels such as wood chips normally used in the test facility. Because of the huge amount of 
fuel, necessary to operate the power plant in Friedland and the fact that pelletizing would increase the fuel 
prize significantly we could not test the effect of burning such pellets in the commercial scale experiments - 
but Dahms et al. could prove that pellets or briquettes produced from reed or reed canary grass can replace 
the wood chips by 100% without major problems [23].  

A promising utilization concept for the energetic utilization biomass from rewetted peatlands was real-
ized in Malchin (north eastern part of Germany) 2014 by the company Agrotherm GmbH. A biomass boiler 
for gramineous fuels with 800 kW combustion capacity was installed and integrated into the existing district 
heating network of the city of Malchin. The biomass is produced near the town on an area of about 400 ha of 
rewetted peatlands during short term dry phases, baled and stored to ensure a continuous operation of the 
plant during the heating season. Each year, around 800-1,200 tons of fuel are produced and used in this plant, 
supplying more than 550 households with heating energy and replacing 290,000 to 380,000 l heating oil.  

 

 

 

 
  

Figure 1 – 800 kW biomass boiler in Malchin for combustion of biomass from rewetted peatlands  
(Source: Agrotherm GmbH) 

 

Conclusion 
Peatlands, drained and used for agriculture or forestry are significant sources of anthropogenic GHG 

emissions, caused by the release of stored carbon in form of CO2. Peatland restoration (rewetting) can reduce 
these emissions and the additional use of the above ground produced biomass as energy source can addition-
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al reduce fossil fuel based GHG emissions by replacing such fuels. In general, many peat forming plant spe-
cies, such as Common Reed or Sedge species as well as Cattail or Reed Canary Grass are promising biofuels 
with yields (range between 3.5–22.5 tDM/(ha*year) in natural stands) comparable to woody biomasses pro-
duced e.g. on short rotation plantations. Site productivities can reach even 30 – 50 tDM/(ha*year) if nutrients 
are added to the sites. The produced biomass can be used in conventional thermochemical conversion tech-
nologies, such as conventional combustion systems or as substrates for biogas production. Technologies for 
both (anaerobic digestion and combustion) are state of the art and available on the market, but the implemen-
tation of a commercial project require in each case an initial feasibility study including beside the technolog-
ical and economic aspects the range, the availability and the security of supply of the biomass resources for 
the respective project. Furthermore, a comprehensive risk assessment and a Life Cycle Assessment (LCA) to 
asses site specific and general environmental and social factors of the project should be considered.   
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ПЕРЕСОХШИЕ  ТОРФЯНИКИ  КАК  ИСТОЧНИК  ПРОИЗВОДСТВА  БИОЭНЕРГИИ 
 

Глобальный спрос на биомассу, на продовольствие и фураж, а также на производство энергии 
будет непрерывно расти в ближайшем будущем, что приведет к увеличению нагрузки на землепользо-
вание. Например, сельское хозяйство и лесное хозяйство на осушенных торфяниках существенно из-
меняют физические, биологические и химические свойства почвы и приводят к деградации торфа, со-
провождающейся огромными выбросами парниковых газов. Торфяные болота занимают площадь око-
ло 400 млн. га, что эквивалентно 3 % поверхности суши Земли. По данным ФАО, только 15 % торфя-
ных болот осушены и используются для сельского хозяйства, выпаса скота, добычи торфа 
и лесоводства, особенно для биоэнергетических плантаций, но они вызывают почти 6 % всех антро-
погенных выбросов CO2 и почти 25 % выбросов парниковых газов от всего землепользования.  

В этой статье описывается альтернативная возможность использования торфяных болот 
для производства биоэнергии, избежания деградации почвы и сокращения выбросов ПГ на основе 
ископаемого топлива путем замены таких видов топлива. На переувлажненных торфяниках могут 
быть произведены несколько видов торфянистых растений, таких как общие виды тростника или 
осоки, а также тростниковая трава. Трава может быть произведена на повторно заболоченных 
торфяниках. Общий вид (Phragmites australis), например, быстро растет, и годовые выходы дости-
гают между 3,6 и 43 т сухого вещества на гектар и год в условиях Центральной Европы (в зависи-
мости от уровня воды, наличия питательных веществ и значений рН). Теплотворная способность 
тростника (17,7 МДж / кг) замечательна и сопоставима с Miscanthus. Модифицированные тради-
ционные сельскохозяйственные технологии подходят для сбора, уплотнения, транспортировки и 
хранения тростника и хорошо зарекомендовавших себя технологий конверсии, например, технологии 
котельных для соломы могут использоваться для использования тростниковой биомассы. 
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