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Potential Biogas Production from Fish Waste and Sludge

SUMMARY

Nowadays, with the rapid development of aquaculture and fishery, amount disposals
of fish waste and katch are causing pollution and negative impact on the marine
environment, such as the Baltic Sea.

As to handle thiserious problem, the anaerobic digestion of fish waste-eaidy

were proposed. It could not only reduce the pollution by discard of fish waste and by
catch, but also reproduce valuable substances suchuse€Hs alternative energy

or fuels for velles, and the rest digested substrates and liquid used as fertilizer.
Those products could be obtained by digested a large amount of organic compounds
in the oxygen free condition.

The purpose of this project is to optimize biogas production based stimgdie
proportion among fish waste-datch and sludge. By the commission of the fishery
industry in Simrishamn, the project was carried out at the Swedish Environmental
Research Institute (IVL) in Hammarby Sjéstadsverk by thesis worker at the Royal
Institute of Technology (KTH).

There were two test series based on the proportion of sludge wet weight,ared 33
50%. In each, five experiments were made based on the ratio betesgteh bpd

fish waste wet weight, i.e. 1:0, 2:1, 1:1, 1:2 and ©:%ludige was the secondary
sludge from Simrishamn WWTP, and the cod intestine and meat from Simrishamn
were used to represent fish waste arghtoh respectively. All the bacteria or cells
used for decomposition of organic substance were incubated érgonevipus
studies. The ratio between inoculums and substrates was 3:2.

The project was conducted in the laboratory scale by using Automatew Metha
Potential Test System (AMPIMSfrom the Bioprocess Control Sweden Company,
which was followed the prinkdpof conventional Biochemical Methane Potential test
but stripping the COand HS gases out before measuring the produced methane
volume. The substrates and inoculums were poured into reactors which were put in
the thermal water basin at#3©0.5€ and stirred by rotating agitator every one
minute. The produced gas would flow through connected tubes into corresponding
vials, which contained NaOH solutions to eliminate the effect.cdr@+S. The

final pure CHwas measured based on the liquid disptatdoy flow cells inside the

water basin. The defined gas volume was recorded as a digital pulse. It was produced
by clicked back down the lifted flow cell. Finally, the data was collected automatically
by the preset program. When the computer was coemhetith the equipment, the
treated data was displayed as figures.

The optimal methane potential obtained after an experinitiert3days digestion

was 0.538Im3CH4kg VS, produced from the composition of sludgealbsh and

fish waste as 38, 45% and22%. It was improved by% and 25.86, to compare

with the previous studies B®mkvist (2012) andomczakWandzel (prsonal
communication, Februa2$12) respectively. In addition, less sludge was suggested to
be mixed with fish waste and-dajch butno less than the needed quantity.
Moreover, the cod intestine had an advantage in promoting the hydrolysis of
substrate, because it included a large number of enzymes promoting. Therefore, it was
the necessary substrates that should be added. Furthivenio@sulums were used

from the previous studies which could improve the adaptability of microorganism in
such tough circumstances.

However, some errors existed during the operation of the experiment such as weight
errors and the inoculums used in diffetames of incubating. Those should be
avoided or reduced by some ways. Besidesl#ide solid removalould not be

used alone for evaluating the biodegradability of substrate due to its overestimation
and inaccuracy when make the analysis of festada
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SUMMARY IN SWEDISH

Numera, med den snabba utvecklingenastenbruk och fiske, & méagdeav
fiskavall och bifdagster som kastaéverbord stor, vilket orsakar féroreningar och
negativa effekter paden marina milja, s&om Ostersjan.

F& hantera detta allvarliga problemeét&s anaerob rdning av fiskavfall och
bifangster. Det ka inte bara minska faoreningtdn fiskavfall och bifangster som
kastas dverbordmen ocksaproducera vadefulfmodukter som Clisom anvands
som alternativ emgi eller braslen f& fordonsamt nedbrutna substratrester och
vdska som kan anvadas som gdlningsmedel. Dessa pro#takteerhdlas genom
rdning avorganiska fGeningaisirefritt tillstand.

Syftet med detta projekt 4 att optimera biogasprodéktibaserad pajustering av
andelen fiskavfall, bifangster och slam. Pauppdrag av fiskerindgingen i Simrishamn
har projektet genomfats vid IVL Svenska Miljénstitutet i Hammarby Sjcstadsverk
med examensarbetare vid Kungliga Tekniska Hdskolan (KTH).

Tvatestserier utfGddes baserat paandelen av slam vavikt, dés@® 50%. | varje

gjordes fem fasck baserat paféhdlandet mellan bifangster och fiskavdadi,1:Q

2:1, 1:1, 1:2 och 0:1. Slammet som anviddes var sekundaslamm fré Simrishamn
reningsver och torsktarmar och kdt fra Simrishamn anvéades f& att representera
fiskavfall och bifangster. Inoculum, metanbakterier som anvads fa rdningen av
organisk substans, erhdls fran de tidigare studi€&@adlandet mellan inoculums

och substrat va:2.

Projektet genomfdrdes i laboratorieskala med hjdp av Automatisk MetanPotentialen
TestSystem (AMPTS fran Bioprocess Control SwenleCompany, som fdjde
principenf& konventionell biokemiska metanpotentialtest med strippning av CO
och HS gaser itan madning producerad metanvolym. Substrat och inoculum hdldes
i reaktorer som in i en teskivattenbassagen hdls vid 870.5€ och omrds
genom att omrdaren vrids en gagr minut. Den producerade gafetes genom
anslutna r@ in flaskor soimnehdl NaOH-I@Gningar f& attta bort CO, och H:S.

Den slutliga rena Glyasen uppmétemed flytande faskjutning av flédesceller i en
vattenbehdlare. Den definierade gasvolymenrezgidts som en digital puls som
producerades n& den upfth flidexellen klickade ndnsamlade data registreades
automatiskt av ett fadinstdlit program. N& en dator var aesl till utrustningen,
visadesle behandlade uppgifterna som siffror.

Testen avstades efter I@agars rdningDen optimala metanpotentialemserhdls

var 0533Nm3CHdskg VS, framstdlda av sammansdtningen%33slamm, 456
bifangst och 22% fiskavfall. Resultatéfbdtrades med &6 och 2% %, janfat

med tidigare studierna av Almkvist (2012) damczakWandzel (personlig
kommunikationfebruari 2012). Det féreslogs att mindre slam blandas med fiskavfall
och bifangster, men inte mindre @ den ndlvadiga magden. Dessutom hade
torsktarmen en fadel fa afrdnja hydrolys av substratdfdet innehdler stort antal
enzymer som framjar hyolys. Det inoculum sonmaindes var material som rddts
tidigare studierilket skulle kunna farlbdtra mikroorganismernas anpassningsfémaa
under dessa omstadigheter.

Men det fanns nd@ra felkdlor vid experimentet som viktfel och att de inoculums
anvands hade olika inkuberingstider. Detta b& undvikas eller minskas. Dessutom
kunde VSR inte anvdndas ensamt f& att utvdadera den biologiska nedbrytbarheten
hos substratet pagrund av sirerskattning och felaktigheteid analys av mindre
mangder biogdsk
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ABSTRACT

In order to decrease the pollution of the marine environment from dumping fish
waste and byatch, alternative use fordigestion with sludge in anaerobic condition
was studied. The purpose of this projeab igptimize the methane potential from
adjustment of the proportion among mixed substrates. Ten groups of different
proportions among fish waste;daych and sludge were conducted with AMPTS
instrument under mesophilic condition £37.5€), by meansof the principle of

BMP test. The ratio of inoculums and mixed substrate was set as 3:2. The optimal MP
obtained after an experimerithad 3days digestion was 0.5883CHskg VS from

the composition of sludge,-tgtch and fish waste as%345% and 2246. It was
improved by 66 and 25.86, to compare with the previous studies by Almkvist
(2012) and Tomczakandze(personal communication, February 2fEsdectively.

Key words: Anaerobic o-digestion; Methane potential, Biogas production;
Fish waste; 8wage sludge; BMP

1. INTRODUCTION

The problem and project are described in this chapter. In addition, the
final destination of this project is also presented.

1.1. Problemdescription

Baltic Sea, as the bigdesickishwaterarean the world, has glentiful

biodiversity. It is situated in the east of Scandinavian Peninsula and
Jutland. It is also thaternalseaof northern Europe, surrounded by

many countries. Itseneficiajeographicadositionand abundant natural

resources contribute enormous efforts © the development of

surrounding fishing and tourism industries, andntipeovementof
peopleds | iving standar darethbarwever , c
back into the Baltic Sea, caugngrmousmarine pollution, such as
eutrophication due tihe high contentof nutrients in the water, oxygen
depletiorpartly and thedeclineof the species in the sea.

With the rapid development afjuaculturand fishery, two of potential
contaminants have been drawing more and more attevtiich are
by-catch (unanted living creatures) and fish wastes including heads,
viscera, skin, trimmings and fish rej@diese are due to tircreasef
human demands in fish meat and a lot of illegal fishing behaviors such as
overfishing and use whproperfishing geamMbatia, 201} Discards of
deadby-catchandfish wastén the forbidden dumpirigcationand over
dumpingquantitycouldbring enormousegative impacts on the marine
environment, even they aaguralpollutants. For instance, it can reduce
fish stocks anfish species, aruting negativeeffecton food web as

well ascausealga bloom (Garcia a&f 2003)Consequently, fisheries are
responsible to protect the marine such akeép fish stocksgrow
sustainably and to maintdire biological diversity in Baltic SEaeir
activities should be conducted in an ecologiagifollowing many
principles and regulations.

Normally, composting is the mased for disposal of fish wastalby-
catch One advantage of this processé its residuals can besail
additive/ fertilizerto improve the soiproductivity(Laos etal, 1998).
However,aerated composting is an enemysumingnethod, because
air ispresged through the compoist order to avoid odor from the long
term storge of fish wae and ycatch (Ferguson, 199@ong & Kim,
2001). Therefore there is anothealternativeenvironmentalfriendly
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methodthatis introduced in this paper, anaerobic digestifish waste
and by-catch It can decomposdish waste andby-cach under the
oxygen freeonditionto producebiogas used as a renewable energy
source.

The benefits from ARre performeth two aspects, i.energyesource

and environmental protection. As a renewable source, biogas can be
used not only as heat and electricity, but also as fuel for vehicles instead
of fossil fuelln addition it is better than wind and solar power without
considering the weather and lightime effectfactors.The location for
biogasplantis flexible Furthermore, the slurry in the digester is also a
valuable source including nitrogen, phosphorous and potassium
elements that can be used as fertilizer. On the other harrégaitio
emironment AD canlesserthe quantityof waste and the cost of waste
disposal, as well as the risk of odablem during slurry spreading.
Besides, biogasllectioncan reduce the Green House Gas emission and
befriendlyto environmental protection (Seeidil, 2008). Consequently,

more and more biogasllectionis whathumansexpecttoday under

such harsh conditions tiie greenhouseffect and energy shortage
crisis.

1.2. Projectdescription
Simrishamris locatedn Skde, Sweden, which is one of the larges
fishing ports in Baltic Sea. The fishermen in @ne& put more
concentration on caring about environmatiggdosabf fish wasteand
by-catchto protect the marine environment dwmpits development
sustainable.

Bythe commissionf the fishery indatry in Simrishamn, the research of
AD of fish wastes from cod and-tstch had been conductect
laboratory scale using AMPITSat the Swedish Environmental
Research Institute (IVL) in Hammarby Sjéstadsverk Siapgember,
2011 At the first phase of ith research, the feasibility of biogas
production from fish wastes anddagch with other variable substrates
was verifiedby Almkvist (2012)In the light of his result, Tomczak
Wandzelpersonal communication, February 28ad8)nterpretedhat
mixing inoculums from Henriksdal WWTP with substrates (fish waste,
by-catch andludgg as 3:2 couldbtainthe hghest biogas potential after
20daysBoth experimentwill be introduceth detailat the 2.4 section.

In this paper, the analysishidgasproductionwas continually carried
out by mixing different ratios of three substrates (fish wastatchy
andsludgé with the same inoculums att3%.5€.

1.3. Purpose of the project
The purpose of this project isgetthe optimal biogas potential from
different ratios of fish waste,-tgtch and sewage sludge, in order to
make thedisposalof fish wastes and dogtch more efficiently,
sustainably and environmentally to the Baltic Sea.

2. BACKGROUND

The development of relgtions on disposal of fish wastes andaligh
is introduced in brief in this chapter. Moreovenegal descriptigrof
anaerobic digestion and affected facmepresented. In addition, the
principle of this project analysis andgpuelyareillustraed likewise.
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2.1. Regulations on disposal of fish wastes and bgatch

In order to protect the marine environment from human activities, 1996
Protocol to the 1972 Convention on the Prevention of Marine Pollution

by Dumping of Wastes and Other Matter (1996)imglemented in

2006, administrated by International Maritime Organization (IMO),

which forbids all dumping of wasiato the sea, excefur a list of

possi bly acceptable wastes, such as
industrial fish processingeratb n s 0 . Hro23 Blovember2011,

the ministers of fisheries in Norway, Sweden and Denmark signed a joint
declaration prohibiting the fish dumping into Skagerrak in order to
improve the marinenvironment and achiegestainable management

of marine resources in the futuitewill be implemented orstDanuary,

2013 (Ministry of Fisheries and Coastal Affairs, 2011) and could be the
developing trend for the fisheries to protect thénma&nvironment in

the future The enacted ban of discards,oae of the most essential

i ssues on the international agenda,
attentionTherefore, how to dispose fish waste anthigh will be a big

challenge to the fisheries not only in these three countries, but also
globally.

2.2. Anaerobic digestion

The biogasproductionfrom degrading high content of organic matter
biologicallyhas been knowrsince 1630 by Von Helmont and 1667 by
Shirley. However, the presence of @Hthe biogasvas provedintil
1808 when Sir Humphrey Davy redeaiche AD of manure. After 76
years, the use bfogaswvas presentdaly Louis Pasteur, such as heating
and lighting (Solmaz & Peyruze, 2009).

2.2.1. The process of anaerobic digestion

The microbiological process of AD is the process of complex organic
materialsliecomposed by many groups of microorganisms in the oxygen
free condition. The final products from AD are digestate including a
variety of nutrients, and biogas containings (38%-75%), CQ
(25%-45%) and few byproducts such as;8 (<1%) (Seadi &tl, 2008).

The decomposition process comprises several steps, i.e. hydrolysis step,
acidogenesis step, acetogenesis step and methanogenesis 13tep (Fig.
promoting the longhain organic materials degraded into simple organic
compounds successively. The astbweaction step dominates the speed

of the whole microbial degradation process. In addition, many factors
also affect the efficiency of the AD process such as feedstock,
temperature and pihlue, discussed at full length in the 2.2.2 section
(Appels eH, 2008; Seadi af 2008).

Hydrolysis

As a result of the inaccessibility of high molecular organic compounds
into the cell through the cell membrane, polymers are hardly degraded by
microorganisms directly. Therefore, the exoenzymes catalysis is needed
to promote the decomposition of complex organics outside of cells
smoothly, called hydrolysis. The exoenzymes are released out from the
inside of hydrolytic bacteriddrtiez-Hernandez et al, 2010). The
common lonechain organic compounds such as carbategjrprotein

and lipids need different exoenzymes to be degraded into soluble
materials in order to permeate cell membrane fomeke step,
fermentation (Tablk). The speed of hydrolysis is normally slow caused
by factors like temperature, the compsiof feedstock and the
concentration of hydrolyzed products (Parawai2005).
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Fig.1 The process of AD

Acetogenesis

The purpose of acetogenesis is to degrade products from acidogenesis
which can not be used for biogas production directlyFfethat have

the carbon chain longer than acetate, and alcohols that have the carbon
chain longer than methanol. Those substrates need to be broken down
further into acetate, G@nd H by acetogenic bacteria for methano
genesis use. This process reted&d which can increase the partial
pressure of hydrogen. The higher hydrogen partial pressure it has in the
process, the higher degree of inhibition to the process it will be. Finally,
it causes more VFA and alcohols left in the digestate and less simple
compounds converted into biogas. Hence, to adjust the hydrogen patrtial
pressure is the key point to this process. It can be detected by measuring
the pHvalue of digestate. If there are enough hydrogenotrophic
methanogens used to consumernd produce CHn the digester, the
hydrogen partial pressure has potential capability to be controlled into
acceptable level (AppelakR008; Seadi af 2008).

Methanogenesis
In the methanogenesis step, there aravays to produce methane gas.
The main sourc&0% of CH: production, is from the degradation of

Table 1 Examples of hydrolysis process (Seadi et al. 2008).

Polymers Exoenzyme Hydrolysis products

Cellulose, cellobiase,

Polysaccharide
xylanase, amylase

Monosaccharide

Lipids Lipase Fatty acids, glycerol

Proteins Protease Amino acids
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Fig. 2 Relationship among retention time, biogas yield am
temperature (Seadi et al., 2008)

acetate by aceticlastic methanogens. The ottteof3CH;, is produced

from the reaction of Has electron donator and £@s electron
acceptor by hydrogenotrophic methanogens. The speed of this step is
slower than previous steps. It is influenced by factors such as
temperature, concentration of oxygen and feeding rate. In addition, it
could evendterminated if the digester is overloaded or if there is a high

concentration of ammonia or oxygen (Kayhanian, 1999; Sea&di et
2008).

2.2.2. Key affected factors on the Chproduction

There are several key factors affectedp@iductionike temperature,
pH, solid contents, OLR, retention time and stirring, presenting in this
chapter.

Temperature

Higher temperaturecan be beneficidbr the AD. There are three
temperature rangefor the AD process psychrophilic @0€),
mesophilic (3@2€ ) and thermopht (4355€ ). Higher temperature

can promote the degree of degradation of organic matter and the growth
of bacteria. Hence, the shorter retention time or higher organic load rate
can be set in the AD process when the tempesriatin the higher range
(Fig.2). In addition, increasing the temperature can also destroy
pathogens (Seadi ak 2008. However, there are some weaknesses
within the higher temperature, such as lower solubility of gadékl{H

and CQ) leading to the inhibition of the methamegis process and
higher energy consumption (Appels,&2008)

pH

The pH value is an indicator of acidity or alkalinity of a solution. The
microorganisms are sensitive to pH, so a significant and improper
change of this value in the solution will afft'® growth of
microorganisms. The effective monitoring and adjustment of pH value
in the suitable steady range is necessary to AD process. Generally
speaking, the optimal pH width of the whole AD is 5.5 to 8.5. But, the
methanogenic bacteria are moresitea to pH value than other
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bacteria. It can only live better in the pH rang8.@.(5eadi e, 2008).

In the other word, if the pH value exceeds both boundaries, the
methanogenesis process will be inhibited. The result of pH change is
mainly from tke concentration of VFA and ammonia. More VFA
accumulation can lead pH level drop. On the contrary, too much
production of ammonia when decomposing protein or too high
concentration of this compound in the substrate can cause an increase in
the pH value. Térefore to control pH value in the optimal range can be
accomplished through adjustment of bicarbonate buffer system.

Solid contents

The type of substrate used for digestion directly impacts on biogas
production. The easy degradable fraction is suitable for the digestion
such as food residue and grass. On the contrary, the materials like stone,
glass or metal should be screened beigestibn otherwise those will
damage the equipment. In addition, the refractory volatile solid like
lignocellulosic organic matter is not easy to be degraded in AD process
either. So it should be avoided (Verma, 2002).

In the AD, the percentage of solahtent in the digester is divided into
three groups, i.e. low solid (<&), middle solid (1%-20%) and high

solid (226-40%). High solid content can decrease the digester volume
due to less liquid, but it needs specific type of digester. In cantrast, |
solid content contains more liquid that is hard to manage during the AD
process (Verma, 2002; Jagensen, 2009).

OLR

OLR is controlled to meet the buffer@tumstanceand adapt to the
growth rate of bacteri@ioo high OLR could ngiroducemany biogses

due to thenhibition of much acid productionBesides, as to the CSTR,

it may lead to failure of the digestion due to overloading. Furthermore, if
the composition of feedstotk changeih the CSTR, it must be done
progressively tajive bacteria engh time to adaptto the new
environment.Therefore using optimal OLR not only produces high
guantityof biogas production, but also improves the economy of the
process (Verma, 2002; Seadi €008; Jagensen, 2009).

Retention time

Retention time is oraf the most significant operational parameters. It
depends on the volume of the digester and the substrate fed per day.
There are two ways to describe the retentian tim HRT and SRT,

which mearnthe average times of liquid and solid are kept inghstet
respectively. The duration of retention time directly impacts on the
decomposition rate of organic materials and quantity of the bacteria left
in the digester especially methanogenic bacteria which is of the slowest
duplication rate among all typédacteria in the AD process (Seadi et

al, 2008)Normally, the digester is at the unstable condition SR Eis

less than Bays due to more VFA accumulation and larger amount of
methanogenibacteria washed out. During 8ays, the content of VFA

is still increased, and some organic compounds are hardly degraded, like
lipids. So it is not the best moment to rembeedigestate either. After
8-10days, the AD process enters in the relative stable digestion
condition when the contents of VFA and haddgradable substrate are
decreased (Appels at 2008). However, too long retention time also
causes the reduction of £productionefficiency Hence the optimal
retention time should be adjusted according to substrates and the type of
reactor to obtaithe maximum biogas.
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Stirring

Mixing is another significant factor in the AD process which can blend
the feed substrate with inocukimmply. It can also prevent the
production of scum in the surface and sedimentation of substrate at the
bottom of the redor. In addition, it can create the homogeneous
condition to avoid temperature stratification in the digester, as well as
increase the duplication rate of bacteria by gaining nutrients sufficiently.
However, the immoderate stirring will destroy the mer&wme proper

or slow stirring as the auxiliary mixing is the good for the AD (Verma,
2002).

2.2.3. Inhibition substances

Inhibition substances contain VFAnmonia, other nutrients and
toxicity and some gases, which has potential risk on the AD process.
Therefore the specific principle of inhibition process of those
substances and the solution to reduce the degress of inhibition are
introduced in this section.

VEA

VFA is produced from the acidogenesis process, which contains longer
carbon chains than acetatecdtild be degraded by acetogenic bacteria.
Higher concentration of VFA accumulation could inhibit the methano
genesis process. One reason of VFA accumulation can be the presence
of macromolecular organic material that is hard to be decomposed
directly in tle feedstock. The other reason for this inhibition is low
efficiency of VFA decomposition by acetogenic bacteria (Mshandete et
al, 2004). If there is an excessive accumulation of VFA leading to an
abrupt decrease of pH, a certain amount of alkaline coatitié to
neutralize the condition and reduce the risk of inhibition to methano
genic archaea. For instance, calcium carbonates]CaCl@ be added

to achieve the molar ratio of bicarbonate to VFA as 1.4:1 at least (Appels
etal 2008).

Ammonia

Ammonia $ the byproduct in the AD process which is mainly from
proteins and other nitrogeonntaining organic materials. There are two
forms of ammonia that can biscoveredn the AD, i.e. free ammonia

gas (NH) and ammonia ion (NH). Both of them might bringarmful

impact on the methanogenic bacteria according tostthly of
Kayhanian (1999) (FRg).

9 The inhibition process of NH

Kayhanian(1999) assumebat thereis a change of pH in the
methanogenic cell when Nhhightdiffuse into it passively. It could
cause that NHlis converted to NH by adsorbing protons from the
outside of the cell. The cost of it is a potassium antiporter to provide
energy for proton balance. The potassium deficiency or proton
imbalance insidef dhe cell might be the consequence of; NH
inhibition.

9 The inhibition process of NiH
The way of the inhibition of NH is totally different from the
inhibition of NH; which stops the methane synthesizing enzyme
system so as to inhibit the Qbtoductionfrom the reaction of H
and CQ (Kayhanian, 1999).

NH3; causesa higher degree of inhibition in comparisonNH s+
(Appels etal, 2008). There are some factors that will increase the
concentration of Nk For example, high concentration of JNis
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Fig.3 Proposed mechanisms of ammonia inhibition in methanogenic bacteric
(Kayhanian, 1999)

producedin the high temperature leading to the decrease of the
concentration of proton, which means that thelgvdl will increase.

The tolerance concentration of the JNtd methanogenic bacteria is
recommended less thanmB@NH3/L and the methanogenesis will be
stopped when the concentration of Bl krger than 15MgNH /L
(Kayhanian, 1999; Seadakt2008). Therefore, it is necessary to keep
the concentration of NiHat a certain range. To improve the C:N ratio of
substrate gpopriately is one way to prevent this inhibition without
changing the quantity of gas production, because VFA production in
direct proportion to the concentration of carbon source can counteract
with alkaline solution caused by containing a large anfoliitso
However, the C:N ratio is hatal be determined in the accurasue

and not feasible to high total ammonia concentration. In addition,
diluting the substrate by adding fresh water to decrease the concentration
of nitrogen is also mentioned by Kayian (1999), but it will decrease
the gas production and hard to deal with more liquid digestate.

Other nutrients and toxicity

The necessary elements for dperopriate growth of microorganisms

are not only organic matter including carbon, nitrogen, phosphorous
mainly, but also some trace elements such as iron, nickel and cobalt, to
provide enough nutrients and energy. Inadequate nutrients or too high
level ofnutrients in the digestate both wilibit the growth of bacteria.

With regards to toxic materials, it is hard to give a specific list and
determine their quantities, due to different adaptabilities of- micro
organisms to the environment ainel contenbf toxic compounds.

Hzand C®

A high pressure of Hestrains the metabolism of acetogenic bacteria
causing VFA and alcohols accumulation. The reason for high pressure of
H> might be high temperature that can decrease the solubilitgrof H
inhibition of hydrogenotrophic methanogens, which can not consume
the H; to adjust hydrogen partial pressure.

The superfluous content of €@ill lead to a decrease in the pH level
and destroy the methanogenesis process. A high concentration of CO
comes from high terepature or clog of air outlet.
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2.3. BMP

The BMP test is @onventionalaboratoryscalemethodto measur€H,
production and evaluate tledficiencyof AD process and the bio
degradability of feedstockhe CH is produced from the degradable
substrates mixeditiv inoculums based on the certain proportion under
the anaerobic conditioNowadays, the BMP test is widely used in the
co-digestion analysis, which can optimizevti@eprocess by reducing
the influenceof inhibitedfactors on the cdigestion process the lab
scale as much as possible. For example, ttetamminethe optimal
HRT and C:N ratio so as to obtain theximummethane gas. The
optimal outcomes could be theferenceof the full-scaledigestion
process (Esposito &f 2012.

The conventionaBMP test processs to incubate a number of sealed
bottles including the required analypeaportion of substrates and
inoculums at the controlled temperature, and manmuadgurethe
biogas yield by manometric or volumetric method and Isoga
composition by gas chromatography at fixed periods (Esposifo et
2012). However, thmonventionaBMP test needs expensive laboratory
instruments such as gas chromatography,varnydtime and labor
consuming, as well@suldnot obtain sufficient ankigh quality data.

As to disadvantages of tleenventionalBMP test, the Bioprocess
Control Sweden Company worked out the new instrument for the
analysis of AD, called AMPTS. This instrument follows the basic
principle of theconventionaBMP test, but istrips CQ and other acid

gas in théiogashy using NaOH solution before measuringvtiieme

of CHs. Thevolumeof pureCHs production can be detectedlore by
using liquid displacementofioyancynethoddirectly, even extreme low
flow. The AMPTS nobnly provides a higher qualéynd adequate
gquantityof databut also uses less labor and inexpeersgwigment It
presents amnderstandabldynamicdegradation profile. Therefore, in
this research, the AMPTISvas usetbr theanalysisf potential bigas
productionunder the differergroportionof co-digestion.

2.4. Pre-study

As it was mentioned in the project description (1.2 section), this project
was a continuation of tlséudyon potential biogas production from fish
waste and bgatch. Before this giect start, two prstudies had already
finished by Almkvist and TomczakWandzel which built solid
foundations for this project.

The pre-conditionsplanned for the prstudies were similar. Firstly, the
used fish waste and-tgtchwere extractefiom cod and pike by the
fishing industry in the Simrisharoreovery the instrumentwas used
for conducting both studies were AMTR3-urthermore, thavhole
experimentwas conductedh the mesophilicondition (37 0.5€)
with stirring every one nite.

However, severatlecisios, such asthe types ofsupplementary
substrates, the cultivation of inoculums, andatiebetween substrate
and inoculums, plus theroportion of the compositionof various
substrateswere madedifferentlyin each studyccording toits own
purposgTable2).

I n t he stuldyi2012), the @ossibility of CHroduction from

fish offal and bgatchwas investigaterass angrimary& secondary
sludge from the Hammarby Sjétadsverk WWTP were mixed with fish
offal andby-catch in six different proportions due to their low content
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Table 2 Thedifferences in both previous studieschieving distinctive purpose.

Ino. : Sub. The ratio
Pre-stud PUrDOSe Inoculums Substrate based on VS sua:)n;?rr;?es
v s (Ino.) (Sub.) content
L/ based on
(LS) weight
1. Pike meat
2. Cod intestine
Possibility of 3. Additional
Stage 1: CH, production . sub. ) ) .
Almkvist | from fish offal HAM Digester (Grass Primary 2:1 Llorl:ll
and by-catch. & Secondary
sludge from
HAM)
Optimization of
biogas 1. HAM Digester | 1- €od meat
. . . 2. Cod intestine 2:1
Stage 2: production from 2. HD Digester 3. Additional :
Tomczak- | fish waste and 3. Mixed Ino. from ) 3:2 1:1:1
: ; o sub. (Secondary
Wandzel s!udge by using incubation in sludge from 1:2
different 40days Simrishamn)
inoculums.
HAM: Hammarby SjGtadsverk
Notes: .
HD: Henriksdal WWTP

of nitrogen that couldompensat¢he total amount of thisubstance
and avoid theinhibition of methanogenesis process. The%67
inoculums VS based on ¥&htentwas useth this study from digester
in Hammarby. The final result showed thatnf@aximumCH,; weas
producedfrom the composition of fish offal mixed wghmaryand
seondary sludge from Hammarby SjGtadsverk digestdviProkthis
compositionwas achieved @5NmM3CH4/kg VS and the greatest flow
of CHswas obtainedt the 10 day, as well dlse VSR was 81% after
24days. Besides, the pH valwas always kemround 7.5 which
represented the methanogenesis proeeshardly affected

In TomczakWandzéd study(personbcommunication, February 2012),
the purpose was to investigate thenmitbiogas production from fish
waste and sludge by using inoculums from different places, and different
ratios of inoculums to substrate. The final result showed tinai o
inoculums to substrate as 3:2 cgelthigherMP after 20days than it as

2:1. In addition, the flow rate of € proportion of inoculums to
substrate as 3:2 is also earlieretxhto the highewaluethan it in
proportion as 1:2, even if thaioas 1:2 contained more organic matter.
The highesMP was0.395Nm3 CH4/kg VS obtained after 2@aysfrom

the 67% inoculums VS based on VS content that was from Henriksdal
WWTP digester vene the HRT had only ‘BDdays causing much
degradable sludge remained in the inoculums.

3. MATERIALS AND METHODS

In this chapter, the materialslanethods for anaerobic fish wastes and
sludge are presented.

3.1. Materials

The source of inoculums and substrates in this p(Bjgat) and the
used instruments and chemical solution are introduced in this section

3.1.1. /noculums

The inoculums in this projestere derivedrom TomczakWandzéi s
experimentvhere the incubatiotonditionwas similar to this digested
condition. These inoculums had strong adaptabilities to the current AD
condition In addition, they were alsgppropriateto decompose the

10
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Fig. 4 Materials
in this project,
lLe.
inoculums,
cod
intestine,
cod meat
; secondary
. sludge from
Simrishamn

organic mers in the CSTR, which would be used in Simrishamn to co
digest the fish wastead bycatchin the fultscale.

The sourceof inoculums in thiprojectwas introduced in the following
paragraphs (Fig).

Incubating process

Before theTomczakWandzd) experimenttheoriginalinoculums were

from Hammarby Sjéstadsverk digester and Henriksdal WWTP digester.
They had been inbated by fish waste,-bgtch and sludge for days
separatelyThenthese two types of incubated inoculums méexedas

equal proportion for the next incubation. The sestagkof incubation

lasted 2@ays.

9 Hammarby Sjéstadsverk digester

The inoculumsn Hammarby Sjéstadsverk pilot plangre fedby
primary and secondary sludge from WWTP there adidjesied

with other organic materials such as food residuals under the
mesophilic condition (370.5C). The totalvolumeof digester is
10m2 and the ecirculation of dewatering the digested sludge
conductedin order to increase the efficiency of biogas production
(Fig 6). Therefore the SRT in this digester vedativelong, over
200days, which could reduce the risk of slow growth rate of
methanogns, even if the HRT wsisort only around @20days.

1 Henriksdal WWTP digester

The inoculumsvere takefrom the Henriksdal digesters which were
used for digesting the primary and secondary sludge from its WWTP
(Fig 7), under the temperatureward 3537 € . The totavolumeof
sevendigesters in Henriksdal is@Wm3. The HRT and SRT both
wereapproximately 18ays.

Incubation of inoculums in Tviacwi@lexperiment

The incubated inoculums from the incubagirgcessas onetype of

inoculums were used in the Tomedkndz el 6 gersxdludi es
communication, FebruaB012) In addition, the other two types of
inoculums were from the Hammarby Sjétadsverk and Hialriks

11
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33%
50% HAM
HD ‘
ZOdJ 100% FZOd_ 3% | .20(‘.‘“‘ 100% .}d Ne=we 13 d. 100% @ 3d =
50% | Mixed | Mixed | Mixed | Mixed
HAM
33% |
HD
incubating Tomczak-Wandzefs Storing Test| Storing
Experiment
| | | | | |
I [ I [ | I
Notes:
HD: Henriksdal WWTP Digester
HAM: Hammarby Sjostadsverk Digester
Mixed: Mixed inoculums from previous experiment

Fig. 5 The time line for incubating of inoculums used in thigroject

respectively. All the inoculums were incubated by fish wastécty
andsludgeunder mesophiliconditionfor 20days.

Inoculums in this project

The inoculums in the Tdsivere derived fronrTomczakWa ndz el 0 s
experimenty mixing its threeypes of incubated inoculums as equal
proportion.It had been stored fordays before theyere usedAfter

13days digestion of Tdstthe inoculumsad been storefbr 3days

before theyere useth the Testl.

3.1.2. Substrates
Substrates are usedptovide organic matter to pramubiogas. In this
project,co-digested substrates are fish wastestbly and sludge which
are introduced in this section.

Fish waste

The cod intestine was mainly studied in this project which was the most
caught and tread in the fisheries of Simrishamn. Under the analysis of
Bechtel (2003) on the properties of pollock, cod and salmon, the protein
and fat content of cod viscera without the cod roe and milt were around
13% and 8.24 separately. But, they varied basettefigh size, time

of harvest, gender and other environmental factors. In addition, in this
project, the roes were contained in the cod intestine which had richer
protein (Intarasirisawatadt2011). So the protein content of cod viscera
should be highdghan it in the analysis of Bechtel (2003). Moreover, the
cod intestine as one of the feedstocks also provided an enormous benefit
from high content of enzymes contained (Shahidi &&amih, 2001),

which could promote the speed of hydrolysis process.

Bycatch

In this project, the cod meat from Simrishamn would be used to be the
substitute of bgatch to simulate the real condition. According to
Bechtel (2003), a cod contained around%i8oPotein content and

0.5% fat content, which were also affectedséupe environmental
factors and cod itself such as size and gender. Such high protein content

12
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Hammarby Sjostadsverk Digestion System

Pamarv|Sedimentation Secondarv|Clanfier

}

Th.ickener

Dewatenng Centcifugel Shudge Storage Tank

Reject Water

Fig. 6 The digestion system in Hammaby Sjéstadverk

should be taken into consideration in the AD process due to high risk of
ammonia inhibition to the methanogenesis process.

Secondary sludge in Simrishamn municipal WWTP

The secondary sludge from the Simrishamumicipal WWTP was
selected as the supplementary substrate mixed wiitteBtheand by

catch to reduce the total concentration of ammaAirgkyist, 2012 In
addition, the use of sludge was similar to the réaliSimrishamn
municipal WWTP, the activated sludge was used in the biological
denitrification and nitrification processes for removing nitrogen and
organics (County Administrative Boasfl Skane, 2010) (Fi§).
Therefore, the secondary sludge after thickening from Simrishamn
treatment plant contained less complex organic matter and more aerobic
bacteria which were better for decomposition of-dba organic
components only in oxygeaoh condition.

3.1.3. NaOH solution

The 3mol/L NaOH solution was needed to be prepared before the
experiment start. It was used for fixing the & HS to obtain the

13
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@ Henriksdal WWTP Scheme
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Rc]ect Water

Fig. 7 The scheme of Heriksdal WWTP

pure CH (Fig 9). The volume of this solution in each vial wamsl &b

least. The 0% thymolphthalein was added into the NaOH solution as
chemical indicator. The solution needed to be changed when its blue
color turned into colorless.

3.1.4. Instrument

The biological methammotentialtestwas conductedy AMPTSI in
this project, whickwvas composelly three units (Fig0). The Unif is
a thermostatic water bath with bttles as reactors for incubation.
Each reactor contains tamountof substrate and inoculums which
stirred by a rotating agitator irvexry one minute at the expected

Simrishamn Municipal WWTP Scheme

Reject

Chemicals

l

l Recirculation

|—> Qsmdgc Pond
7 — @

Biological Treatment Sccondaq Clarifier Baltic Sea

Grit Chamber
Step Screening

| 1 iy,

Aeration Basin
< ’1_ P ‘ * Activation Mixing

&

Transport RcmO\ al Transport

Chemicals

Removed

Sand & Fat |‘ Sludge Storage Tank | 1
B sy WY

’T an

Transportanon of Sludgc Removal

Th;ckcncr Oxidation Pond Twin Wj rc Press

Fig. 8 The scheme of Municipal WWTP inSimrishamn
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temperature. The condition in each reactiveéoxygen established by

the rubber stoppers sealing the bottle. The produced biogas from the
reactor ould flow into the UnitB through the connected tube. The
Unit B consists of 1@ials filled with NaOH solution, whielne usedo

fix CO, and HS based on the adidse neutralization. Therefore, the
pure CH4 passes through the vial aneggjato the UnitC from the
connected tube. The Utis the measurirdgviceof gas volume. The
principleof its work isliquid displacement. As the definealumeof

CH, is accumulated, thHilmw cell willlift up so that the bubble of gas

will be emergeih the waterThen theflow cell willclick back down in

the form of a digital pulse, which is recorded in the computer program.
Eventually, thelatais collectedanalyzed and displayed automatically by
the preset programWhen the computer is connected with AMRTS

and linked with the specific internet, the result will be shown directly on
t he computerds i ohareaf faccumelated @id h as
production and thechart of the flow rate of CH yield. All the
procedures are controlled by the connected computdrdikertdition

of the experiment.

Other auxiliary instrumenigere also needéa support theexperiment
working smoothly.

1 Two weighing devices were used to measure the weight of object, i.e.
less than 209 and more than 2@0(Fig 11).

1 The pH meter 330i was used to measure the pH value of each bottle
before and after the experiment (Eig.

1 Two ovens were heated in different temperature, i.€ a6d
550€, to obtain dry matter represented by TS content and burned
matter represented by VS content, respectivelyllFigThe
operation procedure was completely following the Standard Methods
(APHA, 1998).

3.2. Experimental design
In this project, thesolutionof enhancing biogageld would proceed
from adjusting the@roportion of substrates based previousstudies
andrealcondition

Fig. 9 The NaOH
solution in 3mol/L .

15
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Unit B
. | €Oz and H:S Fixing

o b."":cfa
Unit A Reactors in the U“it. C Measurement
Thermostatic Water Bath Device of Gas Volume

Fig. 10 AMPTSI! setup

According to the outcomes in TomczakWandzel (personal
communication, February 2042)% substrate VS based onddBtent
was the first choice in this projexpromot the biogas yieldue to its
short digegtdtime and relative high efficienyaddition, the digested
conditionwassetin the msophiliccondition(37+ 0.5€) with slowly
stirringin every one minute.

The mostimportantpart of this projectiesignwasto determine the
proportion of mixturesin order to obtain high biogas yieldFish
intestineand bycatch contaied much nitrogen sourgecausingow C:N

ratio It could lead to ammonia inhibition of the digestion process.
Therefore the proportion of substratesn this projectwas determined
based on the wet weight of sludge in order to increase the C:N ratio,
whichweremainlydividedinto two groups, i.enixingwith 33% sludge

and mixing with 58 sludge. In addition, for researchingirtfiaence
degreeof fish intestine and katch on theAD processrespectively,
each groupvasseparateéhto five small groupsgainwhic contained

0%, 33%, 50%, 67% and 1006 of fish inestine relative to the
contentof by-catchbased on the wet weigfitable3). The expected
result would be obtainedccording to thecombination of both
consideratian

In the light of the desigof the mixtures, there were skfall groups
needed to be analyzed to figure out the optimal outcomes. Each group
needed Dottles to simulate the digestimocessat least. In addition,
the blanktest for inoculumswas also needewd be conducted to
measrethe CH, production from inoculums itself. Taeeragef CHs
production fromblanktests could be subtracted from it produced from
samples in order to get the Glikldfrom mixedsubstrates. However,
the AMPTSI had limitationof reactors in the watbath which at most

6 groups and threlglanktests could be run each time. Therefore, there
were two experiments had to be performed to analyze the yigbgas
from 10groups, i.eA2, A3, A4 and B2 were in Tésind the rest were

16
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Fig. 11 The auxiliary instruments

above 200g object,
heated till 550¢€.

in Testll. In addition, with a view to the wastage of inoculums during
the measurement of the TS andcdgentof samples before and after
Testl, 5% of total inoculums from Hammarby Sjétadsverk digester
were mixed with the inoculums before Test order to reachthe
demandof inoculums in Tedt. The reason for choosing inoculums
from Hammarby Sjéstadsverk insteadHehriksdal was that its longer
SRT couldring highercontentof microorganisms which wiasorable

for the increase of biogas productidrhe effect of 5% additional
inoculums on thénal resultwas neglected in this project, due to its low
content.

PH meter 330,

weighing under 200g object,

oven heated till 105€, &£

weighing
oven

Table 3 The composition of mixturebased on the wet weight

Group

The proportion
of sludge in the
mixtures

Small
Groups

The
proportion of
by-catch

The
proportion of
fish intestine

Test

33%

Al

0%

67%

A2

22%

45%

A3

33.5%

33.5%

A4

45%

22%

A5

67%

0%

50%

Bl

0%

50%

B2

16.5%

33.5%

B3

25%

25%

B4

33.5%

16.5%

B5

50%

0%
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