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Introduction

The IEE - GRS3 project promotes the use of grass and other herbaceous residues from landscape
management as a resource for biogas production in Belgium, Italy, Germany, Denmark and
Portugal. The potentiality of these unused residues are often not exploited across Europe. The
main barriers are an insufficient awareness and acceptance of suitable technologies for the
mowing, storage and anaerobic digestion of grass residues, the absence or lack of cooperation
between stakeholders along the value chain, as well as different legal barriers in European
Countries.

As a result, well organized supply chains of grass residues to biogas plants remain largely absent
in some of 5 targeted regions and all around Europe.

This handbook i BATs and best practices for grass residu
one of the 9 work packages that compose the entire project GR3.

The goal is to look at the best available technologies for the grass residue biogas value chain,
including mowing, purification, storage, logistics, digestion processes and biogas valorisation
methods.

The document incorporates the skills of technical and scientific partners of the project, and help
operators and stakeholders to obtain useful data and information about collection/harvesting
methods, digestion technologies, outlining the State Of The Art for the collection and utilization of
grass residue to produce in a sustainable way the highest methane per unit area.

A special emphasis is placed on the feedstock quality requirements, and all technologies available
along biogas value chain to reach it.



Chapter 1

Evaluation of different available types of
digester processes: feedstock quality
requirements and SOTA




1.1 Introduction on different operational conditions

1.1.1 General introduction

Various types of digesters have been developed and many researchers have been investigating

these different technologies. As shown in Figure 1.1 it is possible to get a first impression on the

type of digester needed based on the organic loading rate, the residence time, the biogas potential

and the feedstock with its impurityds, contaminan
one-stage or two-stage digester, between a wet or dry anaerobic digester. Examples of wet

digesters are: UASB and CSTR reactors. The garage box is an example of a dry digester. We

have to choose between a continuous or discontinuous process, between a short and a long

residence time and so on. More information is given on the next pages.

Criteria One-stage versus two-stage Dry versus wet Batch versus continuous High-rate
digesters digesters digesters bioreactors
One-stage Two-stage Dry Wet Batch Continuous
Biogas production Irregular and Higher and stable Higher Less and Irregular and Continuous Continuous
discontinuous irregular discontinuous and higher
Solid content 10-40% 2-40% 20-50% 2-12% 25-40% 2-15% <4-15%
Cost Less More Less More Less More More
Volatile solids destruction Low to high High 40-70% 40-75% 40-70% 40-75% 75-98%
HRT (days) 10-60 10-15 14-60 25-60 30-60 30-60 05-12
OLR (kgVSm3d ") 0.7-15 10-15 for 12-15 <5 12-15 07-14 10-15
second stage

Figure 1.1: Overview of different types of digesters (Nizamia et al., 2009)

1.1.2 Digesters types

1.1.2.1 Dry digesters

The dry matter content (DM) in a dry digester will be between 20 and 40% and since there is less
water present you need less energy to mix and a smaller installation processes the same volume.
Another advantage is that they are robust and pretty easy to handle (Bossuwe, 2014). For example
in a wet digester a floating layer can be a real problem, this cannot happen in a dry digester.

Lying digester
With screws the feedstock will be pushed through the lying reactor (shown in Figure 1.2) which is

designed to process mostly household waste (Bossuwe, 2014). In the middle the spiral shaped
heating element is visible before the Y-shaped rotating pushing device. Since there are only slow
moving parts which push the waste through the reactor there will be less abrasive wear compared
to a wet digester. The dry digesters have a high organic loading rate and they have holes on the
bottom so the sand can easily be removed. The investment costs for these reactors are rather high
compared to other digesters.



—_—

Figure 1.2: The inside of a lying digester (http://linderlabs.com)

Vertical digester

Compared with the lying digester the vertical digester makes use of space in an efficient way
(Bossuwe, 2014). In this type of reactor, as shown in Figure 1.3, there are no moving parts
because gravity will move the feedstock through the reactor. The residence time is easy to

manipulate but there are high investments and high pumping costs. The DRANCO system is also a
vertical dry digester and is discussed in more detail in chapter 1.2, in a case study.

Figure 1.3: Vertical digester (Wierinck, 2011)

Garage box

In this type of digester: the garage box (shown in Figure 1.4), the biomass is brought into an
airtight container that looks like a garage box (Bossuwe, 2014). Water is percolated onto the
heated biomass. The heat to warm the biomass comes from the combined heat and power unit
that uses the biogas produced from the biomass. This technology is a batch process and is
particularly useful for heavily polluted materials. There are no moving parts but more work has to
be done filling and emptying the garage box. During emptying a part of the produced biogas will
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escape. The biogas production will be lower compared to other digestion systems. Struvite could
also be formed in the pipes and cause clogging.

Figure 1.4: Garage box (Graskracht studieday, 2010)

1.1.2.2 Wet digestion

In Belgium 90% of the digesters are wet digesters (Bossuwe, 2014). They have a higher biogas
production but a lot of equipment and maintenance is necessary. More water is present in the
reactor and therefore everything can be more easily pumped and mixed. The digestate is wet and
can be brought onto the field without trouble but to store the digestate more space is required
compared to dry digestion. Because you mix the different streams you dilute them and therefore
you can wutilize streams you coul dnodét di gedto
process manure and maize.

Continuously stirred tank reactor (CSTR)

In a continuously stirred tank reactor a broad range of possible substrates can be digested
(Bossuwe, 2014). This reactor type is relatively easy to manage and guide. The liquid digestate is
easy to pump but will only have a maximum DM of 15%. If the feedstock contains a lot of non-
digestible fibers it is possible that floating layers or foam will be formed. This happens also
because there is mixing in a watery reactor. Often it is necessary to pretreat the substrate.

The mixing improves the heat transfer but also causes the system to have a higher energy
consumption. Therefore it is smart to design your digester so that the reactor is not too wide.
Another advantage of mixing is that it will bring the microorganisms in contact with the substrate
and therefore more biogas will be faster produced. It will push the biogas out of the liquid into the
gas phase. In Figure 1.5 CSTR is shown, the difference between the two systems will be explained
in paragraph 1.1.2.3

Substrate—»f ~—» Effluent

Substrate—»

O tage;wet, ti batch/d
ACEREENG /C(gls,ll?;ouS/ ek ey Two-stage; wet/ Continuous/ batch /
CSTR

Figure 1.5: One-stage and two-stage CSTR (Nizamia et al., 2009)
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High-rate digesters

Biomass is attached to high density carriers which create highly settable granules (Bossuwe, 2014).
This technology is mostly used in waste water treatment plants. It could be used in an additional
reactor for systems with a high COD. The residence times are low and the microorganisms stay in
the reactor but approximately 30% of the volume of the digester is occupied by the expensive
packing material such as pulverized polyvinyl chloride, shredded tire beads etc. The biofilm should
be thin for the reactor to work properly and if something is blocking the flow of the reactor,
everything can start to clog.

UASB

In digesters such as these, the feedstock has a short residence time of only two to three days.
They are easy to start up but a good and also probably expensive inoculum is necessary but
biogas with a high methane content is produced since there is good contact between biomass and
wastewater. The growth of the sludge is limited (only 0.04kg DS/kg COD removed) and settles
easily. But the sludge particles are sensitive for solid products in the reactor. The solid content
should be less than 15% (Nizamia et al., 2009). There are many types of UASB digesters some of
them are shown in Figure 1.6.

Another possible set-up (as shown in Figure 1.7) is the three phase separator. This reactor design
is comparable to the newly developed IFBB process where the soluble components are washed
out instead of leached out (Hensgen et al, 2011).

B .
Biogas * Thiee phase separaor r»-. p Rog
e 4 b 11
Three phase coparaior sepamion |. Pt ami
ae eoar O !o < e
Slogas zana Lt , ;l =’u ifed
. i Lol -
I ... e I
/\O/Wk > O A g g o
=
b A A 4 Poted A\ S ’,‘cq '_”___!:.p'j.'.'
. o] mae - : E " e J._:
el el
AT
Owto ey T
Sudgo e Sudx g Sucge a1 CASE
Whsto wator Wase wxe! Wase wate . ——
UASE EGSB IC

Figure 1.6: Different types of UASB reactors (Bossuwe, 2014)

Poarpas

+ T + L4 ¥ T
I
Laachary ek

Figure 1.7: 3-phase separator (Nizamia et al., 2009)
12



1.1.2.3 Two-phase systems

In a one phase system the digestion is done in one reactor. The temperature and pH are regulated
to be optimal for the methane bacteria. In a two phase system acidogenesis and methanogenesis
are done in two different tanks with the operating conditions best suited for the type of
microorganisms present (Graskracht studieday, 2010).

The first stage in a two-phase AD system converts the CS to COD. The second one is responsible
for the conversion of the COD to methane. For this system the residence time of grass is about 42
days compared to 60 days in the wet digester (Figure 1.8 and 1.9).

Complex Organic Compounds
(Carbohydrates, Proteins, Fats)

l Hydrolysis

Simple Organic Compounds
(Sugars, Amino Acids, Peptides)

1

Long Chain Fatty Acids
(Propionate, Butyric, etc.)

Acidogenesis

f Hydrogen (H,)
;| Carbon Dioxide (CO,)

-

:I Acetate |
Methane (CH,)

Carbon Dioxide (CO,) [

-~

" Methanogenasis

Figure 1.8: Overview of chemical reactions and the distinction between acidogenesis and methanogenesis
(Ogejo et al., 2009)

. . f -
«Metharfogenesis *

Grass'siage: coluine

hemucelylone, Sgnn peton I

—® F.ffacat

o - Acctite CO2, M2 *,
BURArS. 0N Chan falty »

ocxiy
Hydrolysis

POOREN tedhutinng W NN (DY)

gy

Figure 1.9: Two different reactors in a two-phase CSTR system (Nizamia et al., 2009)

1.1.3 Operational conditions

1.1.3.1 Introduction

Before building an installation the plant manager has to decide to install a mesophilic or
thermophilic digester. The first one is generally speaking a more robust system with a lower energy
demand but the latter can digest more material and the digestate contains fewer pathogens. The
reactor needs to be heated so that the microorganisms would work well. The heat necessary to
bring the digester to the right temperature and keep it there is produced, in most cases, when the
biogas is burned (Figure 1.10). To transfer the heat to the digester a heating system is installed. If
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it is placed inside the reactor there is a big area to exchange the heat and low investment cost. But
if the biomass sticks to the heating system or it breaks down it is hard to repair.

An external digester heating system has several advantages such as an efficient heat transfer and
is much more user friendly. But it is not beneficial for digesters with bad insolation and if the
digestate has a high DS. The pumping costs are also higher.

Figure 1.10: Internal and external heating system (Bossuwe, 2014)

In a wet digester mixing is necessary to prevent the formation of foam or floating layers.
Temperature differences and the addition of new material also cause mixing but this is not enough
in a wet digester so a mixer is necessary. The type of mixer, shown in Figure 1.11, is the most sold
running thrust mixer. It is called the banana mixer and has the highest reliability with over 180.000
h of running time (Klussmann, 2011).

Figure 1.11: Banana mixer (Klussmann,2011)
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1.1.3.2 Feedstock quality (http://www.iea-biogas.net)

One should avoid chemical, physical and biological contamination of the digester. A robust process
is able to degrade most of the unwanted compounds, otherwise there should be a pretreatment. If
the pollutant cannot be removed either before or during the AD process, that material should not
be used in the AD.

Physical impurities

Within the category of physical impurities a wide range of materials are listed. Not only are there
indigestible materials such as sand or stones but also materials with very large particle sizes.
Examples of the latter are: twine, wood or straw in manure. Separate collection or separation
afterwards can ensure that waste from households contains no plastics, packaging materials, bulky
garden waste, etc. Physical impurities can be removed by physical barriers such as screens,
sieves, stone traps, protection grills etc. then no unwanted particles enter the digester. A chopper
or other machines can treat the feedstock prior to entering the AD system.

Chemical impurities

Within the category of chemical impurities there are two kinds which are of particular concern:
heavy metals and organic pollutants. Trace metals are naturally present but when the
concentrations of these metals are too high: they become toxic. Batteries, colorants, inks etc. can
be found in household waste and can cause high concentrations. If the digestate is used on the
field these metals will end up in the soil. Especially digestate of pig manure can contain high
concentrations of copper (West-Vlaams Proefcentrum, 2007).

Organic pollutants

Unwanted organic compounds that can be present in the feedstock for the AD process are
persistent organic pollutants such as: polychlorinated biphenyls, medicines, dioxins polycyclic
aromatic hydrocarbons, phthalates, etc. Via the sewage sludge or from households these
pollutants can enter the AD system. Biological feedstock on the other hand can always contain
herbicides and fungicides. In practice it is very hard to do a chemical analysis of your feedstock. It
is necessary to do further eco-toxicological risk assessment.

1.1.3.3 Presence of different elements

The daily feeding rate should be between 4 and 8 kg of ODM/day-m3 reactor volume (Bossuwe,
2014). For the partial pressure of hydrogen the recommended value is between 10° and 1072, It is
hard to measure but it can be done in the gas phase where it should be about 500 ppm. If it is
lower: no methane will be formed and if it is too much: acids will accumulate (Figure 1.12).
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Figure 1.12: Importance of the hydrogen concentration (Bossuwe, 2014)

Carbon is present in different forms but the inorganic carbon and the volatile organic carbon. The
first one indicates the buffer capacity of the digester. The ratio of the acids over the inorganic
carbon should be between 0.3 - 0.4. If this is to low the loading rate is not high enough. If it is to
high: there are too much digestable compounds present. Anaerobic digestion is of course a
process where the oxygen concentration should be low. Methane production only occurs if the
redox potential is lower than -250 mV and is optimal between -300 and -330 mV. There should
also be 16 to 25 times more carbon present than there is nitrogen. For phosphorus this optimal
ratio is 150/1. Micronutrients are also very important for the efficiency of the enzymes. The form in
which they are present also matters. Sulfur is a problematic compound. It reacts with different parts
of the installation, inhibits some of the methanogens, it causes odor problems and so on. Therefore
it is advised to do a desulfurization before the feedstock enters the reactor.

1.2. Current situation and case studies

1.2.1 Jansen Wijhe

In the province of Groningen in the Netherlands Jansen Wijhe is an agricultural company that
transports manure, works on waterways, etc (Wijhe, 2014). They also recycle green waste and
have a digester. In this digester they process more than 10% grass.

The first step to digest grass is to find grass suitable for mowing. The field in Figure 1.13 is a good
example of a flat field with no molehills and no pollution. It is also important that the field is easily
accessible and that it is close to the digester. When you mow it is important to work hard, have a
high capacity and check the weather before you mow. The machinery should be reliable and so
should the people you work with. The grass should be harvested fast so the material does not lose
its biogas potential. On Figure 1.14 you see the mowing machine they use for roadside verges. It is
very important that not much sand is sucked from the soil along with the grass. This would cause
wear in the digester and so the mixing propellers would slowly decay. The grass from nature
management is harvested in a different way. The grass is cut, left on the field to dry and then
picked up and transported to the digester. The grass is then ensilaged as shown in Figure 1.15.
For this step it is important to store it airtight and nicely covered with a foil. If there are no houses
around you can even use digestate to put on top to apply pressure.
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Figure 1.13: Typical grass field

Figure 1.14: Mowing machine for roadside verges

When this feedstock is needed again it will be chopped and extruded. This last step seems
definitely useful to produce a good material ready to be digested. When grass with a DM content of
at least 35% and free of sand and other kinds of pollution is brought to the digester for free the

processing of his material is economically viable. Of course this depends on the subsidies in each
country.

Figure 1.15: Ensiled biomass
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1.2.2 Dranco in Brecht

The DRANCO process uses a one-phase, vertical, dry digester (Wierinck, 2011) (Figure 1.16).
There are no mixers in the reactor and it operates thermophilic (50 - 55°C) or mesophilic (35°C).
Therefore the system is robust, it has a broad range of possible feedstocks and since it is a dry
digester there cannot be a floating layer or scum, settlement can also not occur.

Figure 1.16: The DRANCO installation in Brecht, Belgium (Wierinck, 2011)

The installation in Brecht (Belgium) has a capacity of 50.000 ton per year. 75% of the processed
material is garden waste, 15% is kitchen waste and another 10% is paper waste. On average 118
Nm?3 biogas is produced per ton feedstock. To digest grass the DRANCO system has several
advantages: you donodt n e erdsand s nad d groblena &nd there are no limitations
regarding the percentage of grass you digest. Because in winter there is less biological waste from
households, IGEAN is processing grass since 2004. The roadside verges are first ensilaged and
then used in winter. Unfortunately the biogas potential decreases after ensiling from + 100
Nm3/TON to + 70 Nm3/TON according to IGEAN. After ensiling the cuttings are mulched and
digested. Compost is made from the digestate and compared to the normal compost process the
guality of the compost from the DRANCO installation is not lower.

1.3 Conclusion

One-stage digesters compared to two stage digesters are cheaper but have a higher residence
time (Nizamia et al., 2009). Dry digesters have a dry solid content of 20 - 50% whereas for wet
digesters it is between 2 and 12%. Wet digesters are more expensive but produce more biogas.
The same is true for continuous systems compared to batch systems. The type of feedstock is an
important parameter to choose a reactor type and to design your reactor.

Specifically for grass: there is, according to Nizamia and Murphy, a significant potential for UASB
reactors with a leach bed reactor before it. Both reactors are then adapted to the optimal operation
conditions for either the hydrolysis or the methanogensis. They also believe that many systems are
not adapted to process grass. A CSTR reactor for example should have a good mixing system
because otherwise there can be floating layers.
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Chapter 2

Grass digestion best practices

Identification and analysis
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