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The global biomass demand for food and fodder as well as for energy production will continuously increase 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 results in peat degradation, accompanied
by huge emissions of greenhouse gases. Peatlands cover an estimated area of ca. 400 million ha, equivalent to 3 % of the
Earth’s land surface [23]. According FAO only 15 % percent of peatlands are drained and used for agriculture, grazing,
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peat mining and forestry, especially for bioenergy plantations, but causing almost 6 percent of total anthropogenic CO,
emissions and almost 25 percent of the GHG emissions from the entire land use [10]. Since November 2018, HTW
in collaboration with Greifswald University started a new and innovative research project, studying the production of
biomass on wet peatland sites and the optimization of the thermal utilization of such biomass sources in small and medium
scale applications, e.g. household systems and centralized heating plants for communities. The project is therefore focused
on 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, Reed
Canary Grass Sedge species can be produced on rewetted peatlands. Common Reed (Phragmites australis) e.g. grows
rapidly and the annual yields will reach under Central European conditions between 3.6 up to 43 t dry matter per ha and
year (depending on water level, nutrient availability and pH values) [31]. The heating value of reed (17.7 MJ/kg) e.g. is
remarkable and comparable with Miscanthus. Modified conventional agricultural technologies are suitable to harvest,
compact, transport and store the reed and well established conversion technologies as e. g. boiler technologies for straw
can be used for the utilization of the reed biomass. The presentation and the respective publication of the related paper will
introduce the first results of this research project, including the results of measuring campaigns, carried out at a 800 kW
heating plant for community heating in Malchin (Mecklenburg Western Pomerania) during February/March 2019.

Key words: bioenergy; common reed; reed canary grass, sedges; combustion; bioenergy; peatlands; climate change
mitigation.
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" Uucmumym mexnuxu u sxonomuru, Yuueepcumem npuknaouvix nayk Bepuuna,
ya. Tpeckoesanne, 8, 10318, bepaun, I'epmanus
I ®Dono Muxasns 3ykxosa no oxpare npupodst u Hucmumym ycmoiiuugo2o pazeumus 1anowagdmos 3emuu,
Yuusepcumem I paiipceanvoa, yi. Jomwmpacce, 11, 17489, I paiigpceanvo, I epmarnus
Y 4eopomepm Tambype, yn. Bazedosep, 70, 17139, Manvxun, Iepmanus

B ommxaiiem Oy/tyiiemM MUPOBOH CITpoC Ha OMoMaccy JUTsl IIPU3BOICTBA IPOTYKTOB MUTAHUS U KOPMA, a TAK)KE SHEPTUU
OyZleT HEeNpephIBHO PACTH, YTO MPHUBEICT K YBEIIMYCHHUIO HATPY3KH Ha 3eMIICHIONb30BaHue. Harpumep, cenbekoe U JIeCHOe
XO3SIICTBO HA OCYIICHHBIX TOP(SHHUKAX CYMICCTBEHHO M3MEHHUT (pH3NYecKre, OMOIOTHYSCKUEe M XUMHUYCCKHE CBOWCTBA
MOYBEI ¥ TIPHBECT K JAerpamamuy Topda, COMpOBOXKIAEMON OTPOMHBIMH BBIOpOCAMH TMapHHUKOBBIX Ta30B. TopQsHbie
yroaps 3aHUMaioT okono 400 MutH Ta, 9To SKBUBaCHTHO 3 % moBepxHocty 3emun [23]. Tlo manasmM ®AO, Tomsko 15 %
TOP(MSHUKOB OCYIIAIOTCS U UCTIONB3YIOTCS IS CENTLCKOTO M JIECHOTO XO3SICTBA, BhITIAca CKOTa, 100bIYH Topda 1 0COOEHHO
B Ka4eCTBE OMOIHEPIeTHUECKHX TUIAHTalNi. B pe3ysbTare 3ToM JIesTeIbHOCTH KOJIMYECTBO BEIOPOCOB cocTasiseT 6 % ot
o6mux anrpornoreHHsx (CO,) u moutu 25 % BoiOpocos I1I" ot 3emitenonb3oBanus [10]. C Hostops 2018 . HTW B cotpya-
HUYECTBe ¢ YHuBepcureToM [ paiidcBanbaa Hadam HOBBI WHHOBAIIMOHHBIA MCCIEIOBATEILCKUN MPOEKT, TIOCBSIICHHBIN
M3YYCHHUIO TIPOU3BOJICTBA OMOMACCHI Ha 3a00T0YCHHBIX TOP(PSAHUKAX W ONTHMHU3AIMN TEPMHUYECKOTO HCIIONB30BAHUS HC-
TOYHHUKOB OMOMACCHI B MAJIBIX M CPETHHUX MPOEKTaX: OBITOBBIX CUCTEMAX U IIEHTPAIN30BAHHBIX OTOIMUTEIBHBIX YCTAHOBKAX.
[IpoekT choKycHpoBaH Ha aTBTCPHATHBHOW BO3MOKHOCTH HCIIOJIb30BaHKS TOP(MSHUKOB IJISI TPOM3BOACTBA OHOIHEPTHH,
MIPEIOTBPALIEHHS! JIETPajallii MOYBbl U COKPAIICHNSI BBIOPOCOB MAPHUKOBBIX T'a30B HA OCHOBE 3aMEHBI HCKOIAEMOT0 TO-
wmBa. Ha moBTOpHO 3200JI04CHHBIX TOP(SHUKAX MOXKHO BEIPAIIUBATh HECKOJBKO BHIOB TaKUX TOP(POOOpa3yIOMIUX pac-
TEHHH, KaK OOBIKHOBEHHBIN TPOCTHUK, KAHAPECUHHUK TPOCTHUKOBUIHBIN MITH OCOKa. TpoCTHHK 0OBIKHOBEHHBIH (Phragmites
australis) GBICTPO pacTeT, a eXKETOIHBIH YpoXKall B CPETHEEBPOIICHCKIX YCIOBHAX MOXKET JTOCTUTATh OT 3,6 10 43 T cyxo-
TO BEIIECTBA HA T'eKTap B rof (B 3aBUCHMOCTH OT yYPOBHS BOJBI, HAIMYMS NMUTATENBHBIX BemiecTB M 3HadeHuil pH) [31].
TernorBopHas criocodHocTh TpocTHUKA (17,7 M]IK/KT), HanpUMep, COTOCTaBUMa ¢ MUCKaHTYCOM. MoAN(UIIMPOBaHHbIC
TPaIUIMOHHBIC CEBCKOXO3SIHCTBEHHBIC TEXHOJIOTHH MOJIXOMAT Ui cOOpa, YIUIOTHCHUS, TPAHCIIOPTHPOBKU U XPAHCHHS
TPOCTHUKA. XOPOIIO 3apEKOMCHIOBABIINX Ce0sl TEXHOJOTUH TepepabOTKH, HAPUMED, TEIUIOTEXHUKY UIS COJIOMBI MOXK-
HO HWCIIONh30BaTh U YTUIIN3AIMH TPOCTHUKOBOW OMOMacchl. B oT4eTe W COOTBETCTBYONINX aKTaX MPEICTAaBICHBI UTO-
TH HCCIIIOBATEIIECKOTO MTPOCKTa, BKITIOYAsl PE3YIBTATHl 3aMEepPOB, MIPOBEACHHBIX Ha TEIUIONEHTpaN MomHocThio 800 kBT
KOMMYHAaJIBHOTO OTorIeHus B MansxuH (MexnenOypr, 3anaanas [Tomepanus), B heBpane u mapte 2019 .

Kniouesvle cnosa: GnosHEpreTHKa; TPOCTHUK OOBIKHOBEHHBIH; KaHAPEEUHHK TPOCTHHKOBHIHBIN, OCOKH; TOPEHUE;
OnosHeprus; TOPGIHUKK; CMSITYCHUS BIMSHAS N3MEHECHHS KINMAaTa.
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bnazooapuocme. llpencraBieHHOE HUCCIENOBAHUE SBIAETCS YacTbIO COBMECTHOIO HCCIENOBATENBLCKOIO ITPOEKTa
VamBepcutera [paiipcBamsma (HTW bBepnun) u omepatopa TemnoBod cranmun Aroporepm [amOypr ManmbsxuH,
¢unancupyemoro deznepanbHeIM MHHHCTEPCTBOM MPOJOBOIBCTBHUSA M CEIBCKOTO XO3SICTBA M 3aIIUTHI MOTpeOHTENeit
I'epmannu — BMEL (nipoext AreHTcTBa 1o Bo300HOBIsieMbiM pecypcam (FNR), FKZ 22404418).

General background Information

The global estimated peatland area covers approximately 4 Mio km? and it is estimated that approx. 550 Gt

carbon, representing 30 % of the total carbon in soils is stored globally in peat soils [17; 31]. 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 [16] but huge shares (almost 45 %) of the
peatland area in the Nordic region have been drained and emit almost 80 Mt of CO, annually, i. e. 25 % of the
total CO, emissions of these countries [11]. 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 CO, emissions
and contribute to climate protection [3]. After rewetting, an increase of CH, emissions may occur effecting
the reduction of GHG emissions because CH, has a 23 times stronger climate effect compared to CO,, but the
overall result of rewetting is likely to be a reduction in global warming potential [5].
According [11] the net greenhouse gas emissions from rewetted peatlands are significantly lower compared
to the previous drained situation (table 1) resulting in the climate benefits from rewetting peatlands in terms
of potential for GHG emissions reduction and in the return of the carbon sequestration function of natural
peatlands [19; 32]. Additional benefits are water and nutrient retention as well as local climate cooling and
habitat provision for rare species [31].

Table 1
Emission reduction after rewetting of former drained peatlands [11]
. . Emissi ducti ft tting in t CO,__. /(ha *
Initial land use of drained peatlands TMISSION Tecuction aTlel reweting In 2squ/ (ha *ycar)

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 [28]) can replace 7,5 tons of coal equivalent (1 TCE = 8.142 MWh)
and thus reduce fossil fuel based GHG emissions.

Biomass utilization pathways and productivity of rewetted peatlands

During recent years the combination of rewetting of former drained peatlands and the production of biomass
(paludiculture) has gained interest as a possible land use option for obtaining benefits in terms of climate
protection without losing agricultural land and producing valuable biomass sources for different utilization
pathways (table 2).

Table 2

Utilization pathways for biomass from wet peatlands

Utilization pathway Harvesting period
Animal husbandry Fodder (Hey, Silage) Early summer

Animal bedding Summer, Autumn
Industrial Material Paper & pulp industry Winter

Thatching Winter

Walls, panels, mats, insulation materials Winter
Energy Combustion, Gasification Autumn, Winter

Biogas Summer

The productivity of rewetted peatlands varies depending on the plant species dominating the vegetation
(Reed, Reed Canary Grass or Sedges), climate conditions of the respective site, weather conditions during the
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year of sampling, harvesting time and other specific site conditions such as medium water levels and nutrient
conditions [30]. 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 communities develop spontaneously,
and the biomass can be harvested according to the intended use (table 2). Because of the productivity of such
a site and the possible yield of biomass (table 3), the site adapted and sustainable use of rewetted peatlands
for the production of biomass is an innovative and cost effective chance for agriculture. It’s assumed that high
productivity yields of about 10—15 t dry biomass per hectare and year are possible and 2 Million t dry biomass
for the Energy production could be harvested from this peatlands e. g. in Northern Germany [1].

Table 3
Productivity of selected wetland biomass sources [3; 6]
. . Productivity in Average yield Energy yield ™' Cal. equivalent™
Dominant species tpy/(ha*year) in tp,,/(ha*year) in MWh/ha*a in toe
Common Reed 3.6-43.5 12.5 53 4.55
Cattail 4.8-22.1 14 66.1 5.68
Reed Canary Grass 3.5-22.5 10 43.9 3.77
Sedge 3.3-12,0 6,5 27.7 2.38

"' Energy yield calculated for 15 % water content, 1 toe = 11.63 MWh

As shown in table 3 especially Common Reed, Cattail and Reed Canary Grass show 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 [28]. For Cattail average yields of about
15 t,/(ha*year) are reported in pilot trials in Donaumoos (Germany) [12] and similar results with average
yields of 13 t,,/(ha*year) are reported for other sites e.g. in Canada [8]. Yields can rise up to 30 t,,,/(ha*year)
as reported e. g. from studies in the US [20]. 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 t,,/(ha*year) [24] and 3.9-9.6 t,,/(ha*year) for sites studied in Belarus [30]. Yields
for Sedges are reported for selected sites in Belarus in the range between 7.0-31.1 t,,,/(ha*year) [30] and
7.9-22.3 t,,/(ha*year) for North- and Central US [20]. It can be summarized that typical yields for all above
mentioned perennial peat forming biomass sources in natural stands the productivity will range between 3.5—
22.5 ty/(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 t,,,,/(ha*year) might be possible [14].

Main fuel properties

The combustion process of solid biomass fuels is significantly affected by the chemical and the physical-
mechanical properties of the feedstocks. Biomass feedstocks 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 and the elementary compositions of the fuels. The elementary (chemical) composition is divided into the

¢ main elements: carbon (C), hydrogen (H) and oxygen (O);

¢ secondary elements: nitrogen (N), potassium (K), magnesium (Mg), calcium (Ca), sulfur (S), silicon (Si),
sodium (Na), phosphorus (P), chlorine (CI) and

e trace elements.

The main elements (carbon, oxygen, hydrogen) are essentially responsible for the energy content (calorific
value), expressed by the exothermal reaction of the carbon and the hydrogen with oxygen. The secondary
elements (nitrogen, potassium, magnesium, sodium, calcium, phosphorus, sulfur, silicon and chlorine) with
the exception of silicon and sodium, are the main nutrients consumed during growing and accumulated in the
plants [13]. Nitrogen, sulfur and chlorine are so called "critical" components since they are involved in pollutant
formation and corrosion processes. High concentrations of nitrogen and sulfur lead to NO, and SO, emissions
which can be further transferred into acid components. High chlorine concentrations can cause corrosion damage
to the combustion plants components or further react to harmful components such as dioxins and furans as well
as HCI emissions [6].

Potassium, magnesium, sodium, calcium will have an effect on the ash melting behavior and can cause
slag formation problems in combustion chambers. Trace elements, which are mostly heavy metals (iron,
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manganese, zinc, copper, molybdenum, cobalt, lead, aluminum, chromium, cadmium, nickel, mercury, arsenic)
are considered partly as essential micronutrients for plant growth, but in some cases high concentrations of
trace elements can have a plant-damaging or contaminating effect. Further important properties are the content
of water, ash, volatile components, fixed carbon and the caloric value of the biomass fuels. An overview of the
effects of fuel properties on combustion behavior is shown in table 4.

Table 4
Impact of fuel characteristics on the combustion process
Impact on the combustion process
Chemical composition
C,H,0 Caloric value, equivalent air ratio, energy output
S, N, Cl Emission of pollutants, corrosion, material cost
Mg, K, Ca ..... Ash content, ash melting behavior, ash utilization opportunities
Fuel quality parameters
Heating value Energy content, fuel demand and design of the boiler
Water content Energy content, combustion temperature, fuel storage risks
Volatile matter and fixed carbon Reaction rate, combustion temperature and combustion burnout times, design
content of the boiler
Ash content PM emission, ash quantity and utilization opportunities
Physical/mechanical properties
Particle size Reaction rate, combustion temperature and combustion burnout times, design
of the boiler

Bulk density Fuel transportation and storage

Some selected results of the proximate- and ultimate-analysis of wetland biomasses from different regions
are shown in table 5 and compared with other potential biomass fuels and coal as typical solid fossil fuels. As
shown in the table, the caloric value 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 expected (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) [2]. Compared to pine wood
(the traditional fuel in biomass heating and CHP plants in Germany) 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 convert to SOx and HCI. Especially the chloride content could increase the risk of Cl-corrosion [26].

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 dates
and methods. Samples in Germany were taken from reed bales, harvested and compacted by conventional
agricultural machinery, whereas samples in Belarus were collected manually.

To provide a standardized fuel and to reduce storage and transport costs the fuels can be compressed into
densified fuel products such as pellets or briquettes. Pellets, produced from common reed, reed canary grass
and sedges were used for initial combustion experiments in a commercial biomass heating plants in Malchin,
Northern Germany (fig. 1). These pellets have uniform size and shape (@ 8 mm, L 10-20 mm) and are
characterized by a low water content and a high energy density. However, the production of pellets is associated
with high technical, energetic and economic costs.

Table 5

Comparison of fuel analysis for wetland biomass sources from different regions with other biomass samples and fossil fuels
(*' from Barz et. al., (2007), ** Kask, et. al., (2007), ** Wichtmann et al., (2011), " Komulainen, et al., (2008), " TLL (2009)

Cv (wf) | Volatile | Ash
[MJ/kg] [%0] [%0]

Fuel species Ultimate analysis (wf) in %

c | H [ N | o | s | a
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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 1.8 154 1.3 -
Reed samples from different regions
Northern Germany ' 17.7 66.8 8.8 46.5 5.9 0.3 42.5 0.14 0.16
Estonia” 17.76 n. a. 32 47.5 5.56 031 | 4334 | 0.04 0.11
Belarus” n. a. n. a. 5.7 45.52 n.a 0.7 n. a. 0.11 0.05
Finland ™ 18.92 81.8 |2.1-4.4| 475 5.6 0.3 43.3 0.04 0.11
Reed canary grass (RCG) samples from different regions
Northern Germany 17.5 n. a. 10 43.29 5.79 1.17 38.17 0.19 1.39
Belarus ™ n. a. n.a. |3.0-43| 467 n. a. 0.75 n. a. 0.12 | 0.013
Finland ™ 17.6 74.0 5.5 46.0 5.5 0.9 n. a. 0.1 0.09
Sedges
Germany 17,45 n. a. n. a. 47,6 5,95 1,81 38,07 0,24 0,4
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 53 46.7 6.3 0.4 41.2 0.1 0.4

Fig. 1. Sedge pellets used for combustion experiments in Malchin [6]

Table 6

Energy content and bulk density of different wetland biomass pellets used for combustion experiments in Malchin

Sample Reed RCG Sedges RCG + Reed
Caloric value (wf) in MJ/kg 18.65 18.5 18.19 17.83
Bulk density in kg/m? 613 604 616 539
Energy density in MJ/m? 11,432.5 11,174 11,205 9,610.4
Table 7

Composition of different wetland biomass pellets used for combustion experiments in Malchin
(elementary composition obtained from Dahms, et al., 2017)

TGA Analysis results in % Elementary composition in %
Water Volatiles C fix Ash C H N (0] S Cl
Sedges 6.92 76.76 9.37 6.97 478 | 5.8 1.0 | 377 | 0.2 0.5
RCG 6.07 78.42 10.36 5.51 46.7 | 6.0 09 | 402 | 0.2 0.8
Reed 5.16 82.41 7.88 4.54 472 | 5.8 0.7 | 416 | 0.1 0.04

Suitable conversion technologies

Diftferent conversion pathways for wetland biomass can be considered regarding the harvesting time and
the resulting biomass qualities. Winter harvest or late autumn harvest (table 2) will lead to lower water content
(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 [23]. Harvest during
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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 it must be dried on the fields before stored or used
in a combustion plant. Especially since grass silages are increasingly being used in biogas plants, the use of
early harvested wetland biomass for biogas plants is a more promising opportunity. 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 wetland biomass sources 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 biogas yields of
e.g. up to 0.78 m’/kg dry matter are reported for dry fermentation experiments using silage from reed canary
grass in Germany by Vogel et al. 2009. In general, the investigated biogas yields from different grass species
using different harvest periods and methods varies in a very wide range (from 0.08 to 0.86 m*/kg dry matter) [ 18].

For combustion two main technologies, a) fixed bed combustion and b) fluidized bed combustion systems
are suitable to use such biomass as fuel for heat or heat and power generation. Since fluidized bed systems are
more complex and require higher investment costs, an economic operation of the plants is only possible 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, CI, etc. (table 5), 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 cleaning 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 [12]. 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. Fuel handling is very easy in such systems, but these technologies require a uniform
fuel property in size, shape, moisture and energy content (pellets or small briquettes). They have the advantage
of being easier 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 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 [12].

Grate firing systems, such as moving grate, traveling grate or vibrating grate boilers can accommodate fuels
with high moisture and ash content [29]. 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 project 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 is quite different from the reed and reed canary grass, a stable operation
was only possible with a mixture of up to 1:5 (weight proportion 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 difficulties in the burning process [28]. 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 canary 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 the effect of burning such pellets in the commercial scale
experiments could not be studied during this project-but it can be assumed that pellets or briquettes produced
from reed or reed canary grass could replace the wood chips by 100 % without major problems.
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Experimental setup for the Combustion experiments using a 800 kW grate firing system

A promising utilization concept for the energetic utilization biomass from rewetted peatlands was realized
in Malchin (north eastern part of Germany) 2014 by the company Agrotherm GmbH. A biomass boiler for
straw and other gramineous fuels from the Danish technology provider “Linka” with 800 kW combustion
capacity was installed and integrated into the existing district heating network of the city of Malchin. The
boiler is equipped with a variable fuel feeding system (shredder for baled graminneous biomass and a feeding
screw for the alternative use of wood chips and/or pellets). For the operation mode to use baled biomass the
bales are automatically transported from the conveyor to the shredder, where the rotating shredder drums
secure an efficient shredding, enabling an exact dosage. Since the feeding system is controlled by the boiler’s
heat consumption an automatic operation of the system is possible. The biomass is fed to the inclined grate,
consisting of fixed and movable grate bars. By alternating forward and backward movements of the movable
grate bars the fuel is transported through the combustion chamber. Primary air is used for cooling the grate and
secondary air is supplied to the combustion chamber above the grate to ensure the correct amount of air for the
complete combustion of the fuel and the required turbulences in the secondary combustion zone. The ash auger
is installed in the base of the boiler to transport the ash out to the ash container. To avoid air pollution through
dust emissions a combination of a cyclon precleaner and a baghouse filter is installed in the flue gas system.

The biomass used for the heating plant 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—1200 t of fuel are produced and used in this plant, supplying about
490 households and office buildings with heating energy and replacing 290,000 to 380,000 I heating oil [4].

e ? ; . ______
| § I m—

A
Fig. 2. 800 kW biomass boiler in Malchin for combustion of biomass from rewetted peatlands (Source: Agrotherm GmbH)

During a first measuring campaign in February 2019 pelletized wetland biomass (Sedges, RCG and Reed,
see table 6 and 7) was used to operate the boiler. The boiler was operated in the capacity range between 600—700
kW (controlled by the heat demand of the district heating system) with an equivalence air ratio A = 2 (divided
into 40 % primary air and 60 % secondary air). Caused by the limited available amount of the pellets a mixture
of them was used to ensure a continuous supply over a measuring time of 3 hours.

Results of the measuring campaign

Table 8 shows the German emission limit values for the combustion of straw like biomass fuels defined in
the first general administrative regulation to the Federal Immission Control Act, Technical Instructions on Air
Quality Control (TA-Luft).

The results of the flue gas emissions measurements (evaluated according TA Luft with a reference oxygen
content of 11 %) are shown in Figure 3. Fluctuations in emissions characterize the fuel delivery cycles which
occur every 7 minutes (emission peaks of CO, an and low emissions of NO, during the fuel feeding periods).
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Table 8

Emission limit values for the combustion of straw like biomass fuels according TA-Luft (reference oxygen content 11 %)

Flue gas component Emission limit value
CO in g/m? 0.25
NOx in g/m? 0.5
TOC in mg/m? 50
PM in mg/m? 50
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Fig. 3. Concentration of pollutant emissions during the combustion experiments

As shown in Figure 4—7 the concentration of the regulated air polluting components CO, TOC and PM (The
measurement values were converted to the reference oxygen content of 11 %) were significant lower than the
German emission limits, indicating a clean and stable combustion process.

The concentration of NOx in the exhaust gas was relatively high, but still below the German emission limit.
After approx. 3 hours of operation slag formation was detected on the grate and the measurement campaign was
stopped to clean the grate and to avoid damage of the grate. Reason was the high temperature of the accumulated
burning coke and a blockage of the cooling air supply through the dense coke bed.

co
[mg/m?]
300,00 50
250,00
200,00
150,00
100,00
50,00 24,16

0,00
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Fig. 4. CO values compared to TA Luft limit value

NOx

[mg/m?]
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500
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Fig. 5. NO, value compared to TA Luft limit value
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Fig. 6. PM value compared to TA Luft limit value Fig. 7. TOC vaue compared to TA Luft limit value
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 CO, from peat decomposition. Peatland restoration (rewetting)
can reduce this emission and the additional use of the above ground produced biomass as energy source can
additionally reduce fossil fuel based GHG emissions by replacing such fuels. In general, many peat forming plant
species, such as Common Reed or Sedge species are promising biofuels with yields (range between 3.5-22.5
tyy/(ha*year) in natural stands) comparable to woody biomasses produced e.g. on short rotation plantations. Site
productivities can reach even 40-50 t,,,/(ha*year) if nutrients are added to the sites. The produced biomass can
be used in conventional thermochemical conversion technologies, such as conventional combustion systems or
as substrates for biogas production.

Tested wetland biomass pellets made from Reed, RCG and Sedges have similar properties (caloric value,
bulk and energy density and elementary composition) in comparison with standard wood pellets. Measurements
in a 800 kW grate combustion boiler have indicated a clean and stable combustion process. The measured
emissions of CO, NOx, PM and TOC are below the emission limits defined in the German Federal Immission
Control Act (TA Luft).

The most negative property of these pellets is the higher ash content and a low ash melting temperature,
caused by a high potassium content of the fuel. This property was the reason for the premature termination of
the measurement campaign. Further experiments are required to optimize the combustion process by varying
parameters, such as temperatures and air supply to the different boiler zones. Reduced temperatures in the
primary reaction zone (e. g. by lowering the primary air supply) of the boiler (grate area) will reduce ash
slagging problems and lower the NOx values in the exhaust gas. 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 and will be carried out during the next project phase.
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