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EFEKTYWNOSC TECHNOLOGICZNA PROCESU FERMENTACJI
METANOWEJ] SPARTINY PRERIOWE] (Spartina pectinata)

Abstract: This study was aimed at identifying the feasibility of using prairie cordgrass (Spartina pectinata) in
processes of methane fermentation. Effectiveness of the anaerobic process including the quantity and composition
of biogas produced and reaction kinetics was determined based on respirometric measurements. Fermentation was
run under mesophilic conditions at the initial tank loading with a feedstock of organic compounds ranging from
0.5 to 1.5 g o.d.m./dm® - d. Experiments were divided into two stages, with plant part being the criterion of
division. At stage I, model fermentation tanks were fed the assumed quantities of pre-treated aerial part (roof),
whereas at stage II - with the underground part (root) of prairie cordgrass. Before the exact process of anaerobic
decomposition, the substrate was subject to mechanical disintegration in a ball grinder. For comparative purposes,
maize silage (Zea mays) - being the main plant substrate used in agricultural biogas works, was subject to methane
fermentation under the same conditions (stage III). The study demonstrated that the effectiveness of the methane
fermentation process was directed influenced by the type of substrate tasted. The highest technological effects
including biogas production and its qualitative composition were noted in the case of maize silage and the aerial
part of prairie cordgrass. Significantly lower effectiveness of production of gaseous metabolites of anaerobes was
determined at the stage when the exploited fermentation tanks were fed with biomass of the underground part of
test plant. The course and final outcomes of the fermentation process were also directly affected by the applied
loading of fermentation tanks with a feedstock of organic matter.
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Introduction

Stimulation of the advance in renewable energy systems involves the development and
implementation of economically-justified technological solutions. Examples, applied in the
technical scale, are agricultural biogas works that enable organic substrates transformation
into biogas. Exploitation of technological systems of this type is, principally, based on plant
substrates, maize silage in particular [1, 2]. Contemporarily, the use of maize silage in the
process of biogas production is cost-ineffective and, additionally, arouses great
controversies linked with increased prices of plant products used for food purposes [3].

A high primary production and a significant energetic potential are typical traits of
Spartina spp., occurring mainly in the USA, Canada and China [4, 5]. It overgrows, most of
all, coastal and boggy areas where - owing to the root system - it diminishes erosion of
coastline and constitutes a natural barrier against surface flows by absorbing contaminants
[6]. Spartina spp. is applied in practice as feedstuff or as an additive to biofood [7-9].

In Poland, cordgrass is uncommon and so far has not found wider application, except
for the use of prairie cordgrass (Spartina pectinata) as an ornamental plant. It seems,
however, that its high primary biomass production and capability to adapt to extreme

! Department of Environmental Engineering, Faculty of Environmental Sciences, University of Warmia and
Mazury in Olsztyn, ul. Warszawska 117, 10-719 Olsztyn, phone 89524 56 08, fax 89524 56 05,
email: magda.dudek@uwm.edu.pl



50 Marcin Dgbowski, Magda Dudek, Marcin Zielinski and Anna Grala

biotopic conditions may elicit an increased interest in its application in the power industry
for biofuels production.

The objective of this study was to determine technological effectiveness of the
fermentation process of prairie cordgrass (Spartina pectinata) and to characterize biogas
production kinetics under static conditions.

Methodology

Experiments aimed at determining the effectiveness of methane fermentation of prairie
cordgrass (Spartina pectinata) were conducted in model respirometric tanks at
a temperature of 35°C, at retention time of 20 days. Anaerobic sludge originating from
fermentation tanks of a farm biogas works based on co-fermentation of slurry and maize
silage, was used as the inoculum (Table 1).

Table 1
Characteristics of anaerobic sludge used in the experiment

Parameter Unit Min. value Max. value Mean Star.ldgrd

deviation
pH - 7.64 7.95 7.795 0.219
Hydration [%] 96.45 96.9 96.675 0.318
Dry matter [%] 3.1 3.55 3.325 0.318
Volatile substances [% d.m.] 48.23 51.79 50.01 2.517
Ash [% d.m.] 49.36 53.05 51.205 2.609
CST [s] 472 481 476.5 6.363

The conducted experiment was divided into three stages. The criterion of division was
the type of organic substrate introduced to fermentation tanks: stage I - Spartina pectinata
(roof), stage Il - Spartina pectinata (root), and stage III - maize silage. The characteristics
of organic substrates were presented in Table 2.

Table 2
Characteristics of plant biomass used in the experiment
Type of plant substrate
Parameter Unit Spartina pectinata (root) Spartina pectinata (roof) Maize silage
Mean SD Mean SD Mean SD
Total dry
matter [mg/g] 620 4.04 740 4.93 280 5.06
Mineral
substances [mg/g d.m.] 62 3.63 74 2.19 28 2.71
Organic
substances [mg/g d.m.] 558 3.63 666 2.19 252 271

Owing to the applied loading of fermentation tanks with a feedstock of organic
compounds, each stage was divided into three experimental series: series
1-0.5 g o.d.m./dm’ - d, series 2-1.0 g o.d.m./dm’ - d, and series 3-1.5 g o.d.m./dm’ - d.
Before being introduced to model fermentation tanks, the organic substrates used in the
experiment were subjected to disintegration in a ball grinder to decrease fraction size and to
unify the experimental material. Study design was presented in Table 3.
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Table 3
Study design
. Amount of anaerobic
Type of organic substrate Series Load 3 sludge in reaction tanks
(Stage) [g o.d.m. /[dm™-d] [em’]

. . 1 0.5

Spartina pectinata (ground part) ) 10 200
@ 3 1.5

Spartina pectinata (roof) ; (1)3 200
@ 3 1.5

Corn silage ; (1)(5) 200
11 3 1' 5

Respirometric kits used in the study enabled: determination of the activity of the
process, evaluation of the susceptibility of the tested substrates to degradation process
under anaerobic conditions by microflora of activated sludge, as well as quantitative and
qualitative characteristics of metabolites of these microorganisms. Deoxidization of tanks
and anaerobic conditions were achieved by blowing the tanks through with nitrogen after
substrate feeding. A complete measuring system consisted of: reaction tank and
measuring-recording unit that was analyzing the value of partial pressure generated in the
tank as a result of plant substrate degradation every 24 h. Model reactors were placed in
a thermostatic cabinet with hysteresis not exceeding + 0.5°C. Two days before the end of
measuring period, a 30% potassium base (KOH) was introduced to a special container
(carrier) fixed inside the tank. It enabled precipitation of carbon dioxide (CO,) from the
gaseous phase.

In respirometric analyses, computations are based on the equation of perfect gas:

nolV
R-T
where: n - number of moles of gas [mol], p - gas pressure [Pa], V - gas volume [m3],
R - universal gas constant, 8.314 J/mol - K, T - temperature [K].
The content of carbon in the gaseous phase was computed from the following formula:
PVe o
R-T

where: n., .-, - number of produced moles of carbon dioxide and methane [mol],
2 4

Neoyrcn, =

p1 - difference in gas pressure in a measuring vessel at the beginning and at the end of
experiment [hPa], V - volume of gaseous phase in the measuring tank [ml], R - gas constant,
8.314 J/mol - K, T - temperature of incubation [K], 107 - conversion factor: conversion of
[Pa] to [hPa] and of [m3] to [cm3].

The content of carbon dioxide in the gaseous phase was computed from the following
formula:

_ PV, _pz'(vg_VKOH)'
R-T

107

Nco,
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where: Neo, = number of produced moles of carbon dioxide [mol], p; - py - Pnvaon [hPa],

py - total biogas pressure recorded by the measuring system in the reaction tank [hPa],
Pyon - pressure of gas after KOH introduction to the tank [hPa], Vkoy - volume of KOH
solution [cm3].

The content of methane in the gaseous phase was computed from the following
formula:

Ney, = Neoyrcn, ~ Meo,

Respirometric analyses enabled determining also the rate of biogas production process
(r) depending on the applied experimental variant. Reaction rate constants (k) were
determined based on the achieved experimental data with the method of non-linear
regression using Statistica 10.0 software. Iterative method was used where in each iterative
step a function is replaced by linear differential relative to determined parameters. The
coefficient of conformity ¢> was adopted as a measure of curve fit (at determined
parameters) to experimental data. This coefficient is a ratio of the sum of squares of
deviations of values computed based on the determined function from experimental values,
to the sum of squares of deviations of experimental values from the mean value. The lower
the value of ¢* coefficient, the better the conformity. At the adopted fitting of the model to
experimental points, the coefficient of conformity did not exceed 0.2.

The statistical analysis of results achieved was carried out using STATISTICA 10.0 PL
package. The hypothesis on the distribution of each analyzed variable was verified based on
W Shapiro-Wilk’s test. In order to determine significance of differences between variables,
a one-way analysis of variance (ANOVA) was conducted. The homogeneity of variance in
groups was determined using the Levene’s test. In order to determine the significance of
differences between the analyzed variables, use was made of the Tukey’s RIR test. In tests,
the level of significance was adopted at &= 0.05.

Results and discussion

In the first series, the rate of biogas production process reached 68.7 cm’/d at the
reaction rate constant of 0.13 1/d (Fig. 1, Fig. 2). Biogas production in this series accounted
for 449 dm’/kg o.d.m. (Fig. 7), with methane content of biogas reaching 28%. Increasing
the load to 1.0 g 0.d.m./dm™d evoked a significant decrease in methane content of biogas to
26% (Fig. 1). The observed rate of biogas production was at a level of 115.89 cm®/d, and
the reaction rate constant reached 0.13 1/d (Fig. 2). The quantity of biogas produced was
lower by 15% compared with series 1 (Fig. 1). In the third series, technological effects of
the process were the lowest (301.52 dm’ biogas/kg o.d.m.) (Fig. 7). A 5% decrease was
noted in the content of methane in biogas produced (Fig. 1). The reaction rate constant
reached 0.17 1/d (Fig. 2).

Chen et al run the process of fermentation and co-fermentation of Spartina alterniflora
with cattle slurry. Their study demonstrated that the process of anaerobic degradation of
cordgrass was characterized by a low yield of biogas production. An alternative to this
technological solution was co-fermentation of the plant substrate with cattle slurry. The
best results were achieved during substrates fermentation at the ratio: 75% of S. alterniflora
and 25% of cattle slurry. Methane production reached 176.1 cm’/g o.d.m., which was
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higher by 44% than in the case of fermentation of plant biomass only. The content of
methane in biogas was twofold higher than in the case of S. pectinata fermentation and
reached 63% [10].
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Fig. 1. The methane content in biogas in stage I
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Fig. 2. Biogas production during I stage of experiment

Spartina pectinata is not widely applied in processes of anaerobic fermentation.
A significantly greater interest among scientists is expressed for Spartina alterniflora
owing to its abundant occurrence in the USA and China where it is spreading as an invasive
plant especially at coastal and boggy areas [4, 11]. Yang et al conducted methane
fermentation of Spartina alterniflora under mesophilic conditions at a temperature of 36°C,
and at the initial concentration of organic compounds in the test reactor at a level of 6%. It
enabled achieving biogas production yield of 358 cm’/kg o.d.m. The effectiveness of
biodegradation after 60 days of the process reached 45%. The content of methane in biogas
was increasing successively along with experiment duration from 53 to 62% [12].
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Stage II of the study assumed running methane fermentation of the underground part of
S. pectinata. This stage was distinguished owing to the possibility of nutrients accumulation
in S. pectinata thizomes [2]. In each series of this stage, significantly poorer yield of biogas
production was observed compared with stage I and stage III of the study. Likewise in the
two other stages, the best technological effects of methane fermentation process were
recorded in series 1. The percentage content of methane in biogas was higher by 4% on
average than in biogas produced from the aerial part of Spartina pectinata. A similar
dependency was observed in the case of the two other loads applied. The rate of biogas
production in the third series accounted for 138.41 cm3/d, at the reaction rate constant of
0.17 1/d (Figs. 3 and 4) and quantity of biogas produced at a level of 256.07 dm*/kg o.d.m.
(Fig. 7).
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Fig. 3. The methane content in biogas in stage II
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Fig. 4. Biogas production during II stage of experiment

The low effectiveness of the fermentation process noted in this study may be due to the
fact that cordgrass is a plant constituted by a lignocellulose complex containing three
biopolymers - cellulose, hemicellulose and lignin. During methane fermentation, structure
of this type impairs availability of simple compounds to microorganisms which transform
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these compounds into methane-rich biogas. Nowadays, processes of pre-treatment of
lignocellulose substrates are sought after, that would be economically-substantiated and
would effectively improve the process of methane fermentation [13-15].
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Fig. 5. The methane content in biogas in stage III
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Fig. 6. Biogas production during III stage of experiment

Yang et al in their study demonstrated that co-fermentation of lignocellulose substrates
with easily-biodegradable materials may improve the yield of biogas production in
anaerobic processes. They carried out processes of Spartina alterniflora fermentation and
co-fermentation with potatoes in the ratio of 4 : 1 and 6 : 1 of solid organic matter. It turned
out that the co-fermentation had a positive effect on the improvement of hemicellulose
degradation. In the case of Spartina alterniflora fermentation alone, biogas production
accounted for 358.5 cm’/g o.d.m., whereas upon the addition of the second organic
substrate - for 433.6 cm’/g o.d.m. and 460.1 cm’/g o.d.m. at Spartina to potatoes ratio of
4:1and 6 : 1, respectively [16].

In the last stage of the study, model fermentation tanks were fed with maize silage,
which allowed to reach the best technological effects. The quantity and composition of
biogas achieved during mesophilic fermentation were directly dependent on the applied
loading of fermentation tanks with a feedstock of organic compounds. In the first series,
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when tank loading reached 0.5 g o.d.m./dm’ - d, the mean methane content of biogas
accounted for 53% at a reaction rate of 218.75 cm’/d and the reaction rate constant of
0.20 dm*/d (Figs. 5 and 6). Biogas production after 20 days of the experiment reached
607.63 dm’/kg o.d.m. (Fig. 7). At the twofold higher loading, ie 1.0 g o.d.m./dm’ - d, the
quantity of biogas produced was at a comparable level, with a production rate of
437.4 cm’/d (Fig. 6). In the second series, the maximum percentage content of methane in
biogas reached 48% (Fig. 5). The third series of this experimental stage was characterized
by the worst qualitative composition of biogas produced, in which methane constituted
barely 42%, and by the lowest process yield accounting for 422.1 dm’/kg o.d.m. (Fig. 7).
The rate anaerobic bacteria metabolites production was at a level of 607.86 cm’/d, at the
reaction rate constant of 0.22 dm’/d (Fig. 6).

Contemporarily, maize constitutes the most frequently applied substrate in the process
of organic wastes biogasing owing to its high yield of biogas production [17]. Weiland
conducted the process of methane fermentation of many substrates originating from the
agricultural sector. Maize silage turned out to be one of the best fermenting materials which
- as estimated by the author - allowed achieving biogas yield of 410 m’ CH,/Mg o.d.m.

[18].
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Fig. 7. Biogas production

Conclusions

Investigations aimed at establishing the technological effectiveness of methane
fermentation of Spartina pectinata enabled determining the feasibility of its application in
biogasing processes and biogas productivity of this substrate compared with other energetic
plants. Prairie cordgrass exhibited lower susceptibility to the biodegradation process run
under anaerobic conditions by microorganisms than maize silage did. The yield of



Technological effectiveness of methane fermentation of prairie cordgrass (Spartina pectinata) 57

biogasing processes turned out to be significantly affected by the applied loading of
fermentation tanks with a feedstock of organic matter. The highest biogas production was
determined at reaction tanks’ loading with a feedstock of organic compounds reaching
0.5 g o.d.m./dm’ - d. Increased loading caused a reduction in both biogas production and
methane content of biogas. Methane fermentation of the aerial part of the plant substrate
enabled achieving the highest production yield of gaseous metabolites of bacteria, even
though a slightly higher methane content of biogas was noted in the case of cordgrass roots
fermentation.

The conducted study confirms the feasibility of applying Spartina pectinata
in the biogasing process. Effects achieved indicate that this process may be
economically-unjustifiable, because technological effects are by 25 and 50% lower than in
the case of maize silage fermentation. Spartina pectinata is a plant constituted by
a lignocellulose complex, which could impede methane fermentation not preceded by
pre-treatment that would facilitate degradation of this complex and make easily-digestible
simple sugars more available to microorganisms. As indicated by literature data, it would
also be advisable to run the co-fermentation process with other substrates used in biogas
works.
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EFEKTYWNOSC TECHNOLOGICZNA PROCESU FERMENTACJI
METANOWE] SPARTINY PRERIOWE] (Spartina pectinata)

Katedra Inzynierii Srodowiska, Wydziat Nauk o Srodowisku, Uniwersytet Warminsko-Mazurski w Olsztynie

Abstrakt: Celem prowadzonych badan bylo okreslenie mozliwosci wykorzystania spartiny preriowej (Spartina
pectinata) w procesach fermentacji metanowej. Efektywnos$¢ procesu beztlenowego, zwigzang z iloScia oraz
sktadem produkowanego biogazu, a takze kinetyka reakcji, okre§lono na podstawie pomiaréw
respirometrycznych. Fermentacja przebiegata w warunkach mezofilowych przy poczatkowym obcigzeniu komory
tadunkiem zwiazkéw organicznych w zakresie od 0,5 do 1,5 g s.m.o./dm’ - d. Do$wiadczenia podzielono na dwa
etapy, ktérych kryterium podziatu byta wykorzystana czg¢é¢ testowanej rosliny. W etapie I do modelowych komor
fermentacyjnych wprowadzono zatozone iloSci wstgpnie przygotowanej czesci nadziemnej, natomiast w etapie 11
analizowano mozliwo$¢ wykorzystania czgSci podziemnej Spartiny preriowej. Przed wlasciwym procesem
beztlenowego rozkladu substrat zostal poddany mechanicznemu rozdrobnieniu w mtynie kulowym. W celu
poréwnawczym w tych samych warunkach technologicznych prowadzono proces fermentacji metanowej kiszonki
kukurydzy (Zea mays), jako podstawowego substratu ro$linnego stosowanego w systemach biogazowni rolniczych
(etap III). W trakcie badan stwierdzono, iz efektywno$¢ procesu fermentacji metanowej byla bezposrednio
uzalezniona od rodzaju testowanego substratu. Najwigksze efekty technologiczne zwigzane z produkcja biogazu
oraz jego sktadem jako$ciowym stwierdzono w przypadku testowania kiszonki kukurydzy oraz cze¢sci nadziemnej
Spartiny preriowej. Istotnie nizsza wydajno$¢ wytwarzania gazowych produktéw metabolizmu bakterii
beztlenowych zanotowano w etapie, w ktérym do eksploatowanych komér fermentacyjnych dozowano czgsc
podziemna testowanej biomasy ro$linnej. Bezposredni wptyw na przebieg oraz efekty koncowe procesu miato
réwniez testowane obcigzenie komor fadunkiem suchej masy organicznej.

Stowa kluczowe: Sparina pectinata, process beztlenowy, biogaz, fermentacja metanowa, energia odnawialna



