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GIRIS TARIHCE

Anaerobik aritmanin tarihgesi
Anaerobik proses cesitleri
Anaerobik aritmanin avantajlan ve dezavantajlan
Anaerobik proseslerle aerobik proseslerin karsilastiriimasi
Anaerobik proses safhalan

)X

Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bl. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




Tablo Anaerobik biyoteknolojinin tarihi gelisimi (Anaerobic biotechnology for bioenergy
production principles and applications Samir Kumar)

Anaerobic Technologies”

Developments in Chronological Order

Investigator(s) and Place A.

Discovery of combustible air
— methane

Recognized that anaerobic decomposition of organic
matters produces methane (1776)

\olta, Italy

Mouras Automatic Scavenger

Patented in 1881, the system had been installed in
the 1860s

M. L. Mouras, France

Anaerobic filter

Began operation in the 1880s

Massachusetts Experimental
Station, United States

A hybrid system — a digester
and an anaerobic filter

Constructed around 1890 or 1891

W. D. Scott Moncrieff, England

Septic tank

Designed in 1895 with provision for recovery o
biogas for heating and lighting

D. Cameron, Exeter, England

Waste disposal tank

Designed in 1894 (Urbana); 1897 (Champaign)
Digestion tank with gas collection system (1897)

A. L. Talbot, United States Leper
colony, Matunga. Bombay, India

Travis tank Development of a two-stage system for a separate W.O. Travis
solid digestion (1904)
Imhoff tank Modified the Travis tank (1905) K. Imhoff, Germany
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Tablo Anaerobik biyoteknolojinin tarihi gelisimi (devami)

Sludge heating system

Development of first separate sludge digestion
system (1927)

Essen-Rellinghausen Plant,
Germany

Digester seeding and pH control

Realized the importance of seeding and pH control
(1930)

Fair and More

Clarigester (high-rate anaerobic
Processes)

Realized the importance of SRT (1950)

G. J. Stander, South Africa

Anaerobic contact process (ACP)

Developed ACP similar to aerobic- activated
sludge process (1955)

G. J. Schroepfer, United States

Anaerobic filter (AF)

Reexamined AF for the treatment of soluble
wastewater (1969)

J. C. Young and P L. McCarty,
United States

Anaerobic membrane bioreactor
(AnMBR)

An external cross-flow membrane coupled with
anaerobic reactor (1978)

H. E. Grethlein, United States

Developed commercial-scale AnMBR in early
1980s

Dorr-Oliver, United States

Upflow anaerobic sludge blanket
reactor

Based on his first observation of granular sludge in
Clarigester in South Africa (1979)

G. Lettinga, The Netherlands
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Tablo Anaerobik biyoteknolojinin tarihi gelisimi (devami)

Expanded- bed reactor

Developed fixed-film expanded-bed reactor (1980)

M. S. Switzenbaum and W. J.
Jewell, United States

Anaerobic baffled reactor

Retention of biomass within the baffles (1981)

P. L. McCarty, United States

Trace elements for methanogens

Reported the importance of trace elements for
methanogenic activity (1983)

R Speece, United States

Anaerobic sequential batch reactor
(ASBR)

Developed ASBR for the treatment of swine
manure (1992)

R Dague and S. R Pidaparti,
United States
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Atiksulardaki kirleticilerin etkileri

Evsel atiksular: Atiksular kullanim sekillerine bagli olarak gok gesitli kirleticiler igerir. Evsel atiksularda en temel
kirleticiler organik maddeler (KOI, BOI), partikiiler bilesenler (AKM), ¢6zlinmus bilesenler ve makronutrientler
olarak sayilabilir.

Endiistriyel atiksular: Endustriyel atiksularin karakteri ile ilgili genel bir degerlendirme yapilamaz. Suyun
kullanildig proses tipine ve kullanim maksatlarina bagl olarak endistriyel atiksular daha spesifik olarak ele alinir
ve atiksu aritma prosesi secimi aritma standardi ve karakterizasyona bagl olarak gerceklestirilir.

Tablo: Atiksularda bulunan temel kirletici bilesenler ve ozellikleri
KIiRLETICi BILESENLER ETKILERI

Askida kati maddeler Su kutlelerinin tabaninda balcik olarak birikime ve septik sartlarin olusmasina sebep olurlar.

Biyo-ayrisabilir organikler = Su ortamlarinda anaerobik sartlarin olusmasina sebep olurlar.

Patojenler Sulardan bulasan hastaliklarin yayilmasina sebep olurlar.
Niitrientler Otrifikasyona sebep olurlar.

Agir metaller Bitkiler ve canlilar Gzerinde toksik etki gosterir.
Refrakter organikler Bitkiler ve canllar Gzerinde dolayl toksik etki gosterir.
Coziinmus katilar Suyun yeniden kullanimini engellerler.
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BIOLOGICAL METHODS OF

WASTEWATER TREATMENT
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ANAEROBIK PROSES CESITLERI

Kati madde muhtevasina gore; Sicakliga gore
Islak tip KM Muhtevasi <%16 (2-15) e Termofilik
Yari kuru KM Muhtevasl %16-%22 eMezofilik
Kuru tip KM Muhtevasi >%22 (25-45)
(MSW, bitki at_lklarl)_(KM >_59 ise kuruluk isletme sartlarina gére;
asiridir ve mikrobiyal ativite durur)
o Kesikli,
Organik yuke gore;
4 e Surekli,
Yuksek hizli
" e Yari surekli ya da kesikli besleme
Dusuk hizli

Reaktor tipine gore;
Askida gelisen sistemler
Biyofilm sistemleri

Camur yatakh sistemler

) Xt
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Anaerobic processes consist of four major components:
(1) a closed bio-reactor,

(2) a mixing system,

(3) a heating system, and

(4) a gas-liquld-solids separation system.

)
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ANAEROBIK
PROSESLER

p XC
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ANAEROBIK PROSESLERIN TARASIM DEGISKENLERI
Anaerobik bir prosesin tasariminda;

" Sistem konfigurasyonu (atiksu debisi ve sirekliligi, atiksu karakterizasyonu, biyo-ayrisabilirlik, organik yuk,
biyogaz-enerji Gretimi, isletme sicakligi, sistem stabilitesi)

" Reaktor sicakligi (mezofilik 29-37 °C)
® Hidrolik bekletme suresi ve camur yasi
¥ Reaktor hacmi

® Rektorin karisim sartlari

" Biyokdtle gelisimi

" Gaz uretimi

" Eneriji dengesi

" Kirleticilerin akibeti

p Xt
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BIYOLOJIK ARITMA

Organik maddelerin formu;

Dogadaki organik maddeler hangi formdadir?
C.H,0.?4 2. 2 ?,

Org. Madde —2%e0k&ymn__y CH, + CO, +H, + NH, + H,S+energy

H
Dogal gazdaki karbonun formu; cH, H—é‘:—H
Tablo Anaerobik aritmada kirletici bilesenlerin giderimleri H
Kirletici bilesen Giderim
Organik madde Organik maddeler ylksek oranda giderilir, ancak, alici ortamlara desarj

etmek icin post-aerobik aritma gerekir.

Azot ve fosfor Giderilmez.
Patojenler Isletme sicaklhigi ve HBS arttikca giderme verimi artar.
Agir metaller Giderilmez.
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Anaerobik prosesler ener;ji
uretir, camur Uretmez,

40-45 m3 biyogaz

(%60-70 CH,)

{?

100 kg KOI = 35 m3 CH,4
=~ 1350 MJ

380 kWh

yavastir. Seyreltik atiklara 10 k+g & ANAEROBIK | 10-20 kg KOI
uygulanmaz 0,0 kWh
M 100 kg KOI icin fayda;
Bazi atiklar mutlak Havalandirma ihtiyaci yok: 100*3,6/0,4= 900 MJ]
- Metan Uretimi 1350-270 =1080 MJ
anaerobik aritilir. 5 kg Gamur
CsHiNO; \/M
Is1 kaybi
100 kg KOI _ _
+ AEROBIK 10-12 kg KO>
100 kWh
Aerobik prosesler enerji &
tliketir, camur Uretir, CH,NO, + 50, —5CO,+2H,0+NH,
hizlidir. 3PS amur 113g/mol 160 g / mol
: CsH/NO,

Bazi atiklar mutlak
ae_robik aritilir,

Camurun enerji degeri;
1 kg camur = 1,42 kg KOI
~ 5,7 kWh-teorik (%35 verim)

160 g / mol camur
113 g/ mol KO/

=1,42kg KOI / kg camur

,17

| Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bél. Cagis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com



TABLO Aerobik ve anaerobik proseslerin karsilastiriimasi (Kaynak:

Reaksiyon
Enerji
Karbon
dengesi
Enerji
dengesi

Biyokiitle
uretimi

Enerji
ihtiyaci

AEROBIK
C6H 1206+602—)6C02+6H20
AG°'=-2840 kJ/mol glikoz

%50 2 CO,
%50=> biyokiitle (C:H,NO,)

%40=> 1sI uretimi

Biyokditle hizli cogalir ve aerobik
sistemlerde camur bertaraf problemi
ortaya cikar.

'0,35-0,45 kg UKM/kg KOI

 Aerobik reaktore oksijen saglamak icin
havalandirmaya ihtiyac duyulur ve bunun
icin enerji gerekir. |

CgH,,04—3C0,+3CH,

, Erisim: Agustos 2017)

ANAEROBIK

AG°’=-393 kJ/mol glikoz

' %95 = CH,+CO, (biyogaz)
%5 =» biyokitle (C;H;NO,)

%90 =>» CH, igerisinde kalir

%5 => biyokutle (CsH-NO,)
%5 -) IS| uret|m|

B|yokutle yavas cogalir/ Uretimi dislktir ve bu
' ylizden anaerobik reaktérlerin devreye alinmasi
- uzun sdrer.

0 05-0,15 kg UKM/kg KOI

Prosesi Isitmak icin ihtiyac duyulan enerji biyogaz
ile saglanabilir.
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https://ocw.tudelft.nl/wp-content/uploads/8._Anaerobic_Treatment_Intro_UASB_design_base.pdf

TABLO Aerobik ve anaerobik proseslerin karsilastiriimasi (devami)
AEROBIK

Organik yik Yiksek ylk (AF, UASB):

0,5-1,5 kg KOI/m3-giin ~
Devreye alma Birkac hafta (1-2 hafta) . \
Spesifik siibstrat 0.15-0.75 kg KOI/kg UKM-giin
kullaninu £\ )
Camur yasi Camur yasi 4-10 gin ~\
Mikrobiyoloji Tek tlr mikroorganizma
Cevresel Cevresel sartlara toIer_ansI|d|r. A\ M
faktorler - v N\ -~ (P,
Besleme Kesikli, yari strekli ya da surekli -
Sicaklik Cerve sartlarinda

ANAEROBIK
 Duglik hizli (Aktif camur):
10-40 kg KOI/ m3-gi'|n_
Birkag ay (1-4 ay)

0,75-1,5 kg KOi/kg UKM-giin

' Camur yasl uzun

Farkh mikrobiyal tirlerin senkronize aktivitesi

' Anaerobik proses mikroorganizmalari
cevresel sartlara karsi hassastir

Kesikli, yari surekli ya da surekli
Mezofilik 35 °C ve termofilik 55 °C
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B,CH3COOH + bNH-j + COE - dCﬁH?OgN + ECOE + ngO

where a, b, ¢, d, e, and f are stoichiometric coefficients of the microbial stoichio-
metric equation. If the microbial growth yield of the reaction is known (or esti-

mated experimentally), it is possible to determine the stoichiometric coefhcients
based on the mass conservation law for each chemical element as follows:

Carbon (C): 2a=5d +e¢
Hydrogen (H): 4a+3b=7d +2f
Oxygen (O): 2a+2c=2d+2e+f

Nitrogen (N): b=d

Y
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ElCHg,COOH + bNH3 + COE - dCﬁH?OZN + ECOE + {"I_Igo

Using t
Using t
Using t
Using t

he value
he mass |
he mass |
he mass |

Using t

of Y, Y=0.4=(d-113)/1-60, d=0.2

balance of N, b=d=0.2

balance of C,2 - 1=5-0.2+e,e=1
balanceof H,4-1+3:0.2=7-0.2+2f, f=1.6

he mass |

balance of O, 2-1+2c=2-02+2-1+1.6,c=1

All of the stoichiometric coefhcients are solved asa=1,b=0.2,c=1,d=0.2,e=1,
and f=1.6. Therefore, the microbial balanced stoichiometric equation for the oxi-
dation of acetic acid is

CH;COOH + 0.2NH; + O, —= 0.2CsH,O,N + CO, +1.6H,O  (2.4)

) X
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Anaerobic treatment is relatively cheap because of its
I. Low operating costs
ii. Less sludge production
iii. Low space requirements
iv. High biogas production

Anaerobik biyoteknoloji uygulamalari, sadece kirlillik kontroliinde degil, ayni zamanda enerji liretimi ve
degerli yan Urlin elde edilmesi sebebiyle 6nemli bir aritma prosesidir.

Anaerobik aritma prosesinin avantajlan
Less energy required: Anaerobic process requires less energy compared to aerobic process.

Less biological sludge production: As it involves less energy less biomass production occurs requiring less
volume for storage.

Fewer nutrients required: Aerobic process needs more nutrients (as N, P, K) to treat industrial wastes. Their
quantity is much less for anaerobic processes because less biomass is produced.

Higher volumetric loadings: Aerobic processes are designed for an organic loading of 0.5 to 3.5 kg COD/m3-d
whereas it is 3.5 to 35 kg COD/m3-d for anaerobic processes.
(yuksek organik ylk & oc kiclk reaktor hacmi ).
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ANAEROBIK BIYOLOJIK ATIKSU ARITIMI

Anaerobik biyolojik prosesler, ilk olarak atiksu aritma camurlarinin bertarafi icin gelistirilmis,
sonralari yuksek konsantrasyonlarda organik madde iceren endiistriyel atiksularin aritimi igin

uygulanmistir. Bu metod, evsel atiksularin aritiminda da basarili sekilde uygulanabilmektedir. Bu
prosesleri baslica iki gruba ayirmak mumkundur:

e Askida gelisen sistemler (suspended growth),
- Asagi ya da yukan akish dolgulu yatak
- Genlesmis yatak
- Akiskan yatak

= Yukan akish camur yatak (up-flow anaerobic sludge bed-UASB)
¢ Yuzeyde tutunmus (biyofilm) sistemler (attached growth)

= Tam karisisim anaerobik reaktor (complete mix anaerobic reactor)
= Anaerobik kontak reaktor

Bunlarin yaninda, anaerobik prosesin diger modifikasyonlari spesifik endiistriyel atiklarin ve
camurlarin antiminda popilerlik kazanmaktadir.
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High Protein- and Nitrogen-Containing Wastewater

ANAMMOX Prosesi

Proteins are not completely degraded during anaerobic treatment. The partial degradation of proteins produces
amines that impart a foul smell. Little information exists on anaerobic degradation of amines (Verstraete and
Vandevivere 1999). Similarly, nitrogen concentrations remain unchanged during anaerobic treatment, as
reducing equivalents necessary for denitrification are removed. Thus, in anaerobic treatment, only the forms of
nitrogen are changed; that is, organic nitrogen is simply transformed to inorganic ammonia or ammonium,
depending on pH. However, recent findings suggest that NH4+ can be anaerobically oxidized to N2 in the
presence of NO2—, as shown by the following biochemical reaction:

NH4+ - HNOZ — Nz + 2H20

The above process is commonly referred as amaerobic ammonia oxidation
(ANAMMOX).
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Waste Characteristics for Anaerobic Treatment
e organic strength (BOD, COD) + composition
e alkalinity
e pH (methanogenic range 6.8 — 7.4)
e inorganic nutrient content: BOD:N:P ratio (500~700:5:1)
e temperature
e potentially toxic materials
— heavy metals
— ammonia
— common cations

Anaerobic Digesters faydalari

e Reduce Odors

e Reduce Pathogens

e Reduce Greenhouse Gas Emissions
e Improve Water Quality

e Enhance Solid/Liquid Separation

* Provide Flexibility

e Produce Energy
e Provide Carbon Credits ) :
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Table Alto Grande Coffee Wastewater Characteristics Parameter

Parametre Kons. | Birim

pH 4.2

Alkalinity 46 | mg/L CaCOs;

Chemical Oxygen Demand (COD) | 11 200 | mg/L

Total Solids 10 800 | mg/L

Suspended Solids (TS) 1 590 | mg/L

Volatile Suspended Solids (VSS) 1 550 | mg/L

Total Nitrogen 100 | mg/L

Total Phosphorous 30 | mg/I
DEBI?

Karakterizasyonda one ¢ikan hususlar nelerdir?
Hangi parametre noksan?
Aritma yonemine karar vermek icin hangi parametreler degerlendirilir?
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Table Coffee Wastewater Cbaracteristics in tbe Colombia Study (Arias and Nigiani, 1987)

Parametre Kons. | Birim
pH 4.7
Alkalinite
Iletkenlik 578 | mhos/c
m
Total Solids 741 | mg/L
Suspended Solids (TS) 410 | mg/L
Volatile Suspended Solids (VSS) 345 | mg/L
Ucucu aistler 118 | mg/I
Chemical Oxygen Demand (COD) 15450 | mg/L
Biochemical Oxygen Demand (BOD) 6083 | mg/L
Total Organic Carbon (T.0.C.) 310 | mg/L

Total Nitrogen

Total Phosphorous

Karakterizasyonda one cikan hususlar
nelerdir?

Hangi parametre noksan?

Aritma yonemine karar vermek icin hangi
parametreler degerlendirilir?

MOC parametresine
gore degerlendimede
bu analiz yanlis mi?
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Table 1: Characteristics of spent wash collected from S.S.K.
istilleries (Ltd.), Niphad, Nasik, Maharashtra.

Parametre Kons. | Birim

pH 3.3-3.9

Alkalinite

TDS 70 000-78 000 | mg/I

Total Solids ?9 000-10 000 | mg/L

Sabit katilar 225 000-30 000 | mg/L

Volatile Suspended Solids (VSS) ?45 000-48 000 | mg/L

Ucucu aistler

Chemical Oxygen Demand (COD) 90 000-130 000 | mg/L Karakterizasyonda 6ne ¢ikan
Biochemical Oxygen Demand 45 000- 60 000 hususlar nelerdir?

(BOD) Hangi parametre noksan?

2 2994 5000 Aritma yonemine karar vermek igin
Sulfat 6000-6500 hangi parametreler degerlendirilir?
Total Nitrogen




Table Advantages and disadvantages of the anaerobic processes

Avantajlan

Dezavantajlan

A substantial saving in operational costs as no energy is
required for aeration; on the contrary energy is produced in
the form of methane gas, which can be utilized for heating or
electricity production.

The process can handle high hydraulic and organic
loading rates. Thus, the applied technologies are compact.

The technologies are simple in construction and
operation; so they are low cost.

The systems can be applied everywhere and at any scale as
little if any energy is required, enabling a decentralized
application.

The excess sludge production is low, well stabilized and
easily dewatered so does not require extensive costly post
treatment.

The valuable nutrients (N and P) are conserved which give
high potential for crop irrigation.

'Need for post treatment,
depending on the requirements for
effluent standards.

" No experience with full-scale
application at low/moderate
temperatures???.

Considerable amount of produced
biogas, i.e. CH, and H,S remains in
the effluent especially for low
strength wastewater (sewage).

Produced CH, during anaerobic
sewage treatment is often not
utilized for energy production
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Table Advantages and disadvantages of the anaerobic processes

Advantages

Disadvantages

e Low production of solids about 3 to 5 times lower
than that in aerobic processes

e Low energy consumption, usually associated with
an influent pumping station, leading to very low
operational costs.

e Low land requirements

e Low construction costs

e Production of methane, a highly calorific fuel gas
e Possibility of preservation of the biomass, with no
reactor feeding, for several months

* Tolerance to high organic load

o Application in small and large scale

e Low nutrient consumption

e Anaerobic microorganisms are susceptible to
inhibition by a large number of compounds.

* Process start-up can be slow in the absence
of adapted seed sludge

e Some form of post-treatment is usually
necessary

e The biochemistry and microbiology of
anaerobic digestion are complex and still
require further studies

e Possible general ion of bad odours, although
they are controllable

 Possible generation of effluents with
unpleasant aspect

» Unsatisfactory removal of nitrogen,
phosphorus and pathogens

>
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Tablo Havasiz Biyoteknolojinin Olumlu Ozellikleri (4)

*Proses stabilitesinin saglanabilmesi

*Biyokiitle atiginin bertaraf maliyetinin diisiikliigii

eBesi maddesi saglama maliyetinin diisiikliigii

«Insa alani gereksiniminin azhg

*Enerjinin korunmasi ile ekolojik ve ekonomik fayda saglamasi

oIsletme kontrolii gereksiniminin minimize edilmis olmasi

*Olusan gazin hava kirlenmesi acisindan kontrol edilebilir olmasi

*Kopiik probleminin olmamasi

eHavasiz sartlarda biyolojik olarak parcalanamayan maddelerin parcalanabilmesi
eAtiksudaki mevsimsel degisiklerde aritmanin stabilitesinin saglanabilmesi
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Tablo Anaerobik Biyoteknolojinin Olumsuz Ozellikleri (4).

eBiyokutle gelisimi icin uzun baslangic evresinin gereksinimi

eSeyreltik atiksularda yeterli alkalinitenin Uretilememesi

eBazi durumlarda cikis suyunda istenilen standart degerlerin saglanamamasi

eSeyreltik atiksularin aritilmasi durumunda olusan biyogaz miktarinin az olmasi ve elde edilen enerjinin
sistemi Isitmaya yetmemesi

eAsir stlfath atiksularda koku probleminin olmasi
eNitrifikasyonun mimkin olmamasi
eMetanojenlerin toksit maddelere ve cevre sartlarina asiri duyarli olmasi

eDUistk sicakliklarda kinetik hizlarin daha da dlisuk olmasi

eBiyokutlenin maksimun aktivitesi icin gerekli olan azot konsantrasyonunun daha fazla olmasi
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Less Energy Requirement

Aerobic treatments are energy-intensive processes for the removal of organic matter, requiring
0.5-0.75 kWh of aeration energy for every 1 kg of COD removed (van Haandel and Lettinga
1994). Anaerobic treatments need no air/02 supply. The aeration energy requirement is
calculated based on the following consideration: For the removal of 1 kg COD, 0.5-0.75 kgO2 is
required during a conventional aerobic treatment process. The higher end of the range can be
explained by the 02 requirement for endogenous respiration. The energy input for the transfer of
02 into liquid for most aerators is in the order of 1 kWh/kg O2.

The aeration energy requirement is:

_ 1kWh y 0.50-0.75kgO,
kgO, kgKOI

=0.50—0.75kWh/kg KOI
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Compare the energy balance between aerobic and anaerobic processes for treating a food-
processing wastewater with the following characteristics:

Wastewater flow rate : 37.85 m3/day
Wastewater soluble chemical oxygen demand : 10 000 mg/L

Influent temperature : 20 °C

The anaerobic reactor will be operated under mesophilic condition (35°C).
Anaerobic process:
(a) Energy generation from methane gas kJ/day

Methale yield = 0.35m’/kg COD at STP
COD loading rate =10 000 mg/L (10 kg/10™ m’)x37.85m’/day = 378.5 kg COD/day
Total methane generation = 0.35m’/kg COD x 378.5kg COD/day
=132.5m’/day
The net heating energy content of methane=235 846 kJ/m’ (at STP)
Thus, the total net energy content of methane=35 846 kJ/m’ x132.5m’/day
=4.75x10° kJ/day
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- |
(b) Energy need for temperature increase from 20 to 35-C

Heat energy needed =37 850 kg/day x ((35—20) °C) x (4 200 J/kg °C)
=2.38x10° kJ/day

Aerobic process:
Aeration energy requirement = (0.75 kWh/kg COD) x (3,600 s/h)
x(378.5 kg COD/day)
= 1.02 x10°6 kJ/day

Aeration energy requirement = (0.75 kWh/kg COD) x (3600 s/h)
x (378.5 kg COD/day)

~1.02x10° ki/day

Energy Anaerobic Aerobic
Treatment Treatment
Methane gas (kJ/day) 4,75 x106 -
Energy for reactor heating (kJ/day) | —2.38 x106 -
Aeration energy (kJ/day) - —-1.02 x10°
NET +2.37 x105 | —1.02 x106
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Note : Anaerobic treatment provides a net energy gain, whereas aerobic process requires energy input. If the
costs of sludge handling, treatment, and disposal are included in this calculation, anaerobic process will
result even higher net energy gain.

Y-
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ANAEROBIK
PROSES
SAFHALARI

) 2o
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Total
COobD

)
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ANAEROBIK BIYOLOJIK ARITMA

Anaerobik Aritma: Atiksulardaki karbon bazli substrat bilesenlerinin oksijensiz ortamda nihai
stabilizasyon uriinleri olan metan ve karbondioksite doniismesidir.

Anaerobik aritmanin basarili olabilmesi igin, reaktordeki farkli bakteriler arasindaki etkilesim
mekanizmasinin isler durumda olmasi gerekir. Biyokimyasal reaksiyonlarla metan liretimi
gerceklesmezse substrat (KOI) giderimi olmaz.

Ayrisma uc¢ farkh mikroorganizma tarafindan bes safhada gercgeklesir.

Extracellular Acid Producers Mgthanogans
Enrymes
I Complax | Soluble I‘ Orpanic I\ Mathang \
Hydrolysis
Carbolwdrales Glucose Acatic Condis
ﬁhﬂmm PO,? :‘h

_ Figure 15.1 Microbiological pathway of anaerobic digestion.
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Hidroliz agamasinda,;

Particulate carbohydrates

proteins and lipids Proteinler = =» amino asitlere,
Q Lipidler =» uzun zincirli yag asitlerine ve alkollere,
T Karbonhidratlar = mono sakaritlere (sekerlere),
ydrolysis by s . -
_~~” | extracellular enzymes Nikleik asitler =>» sekerelere
s Donisiir.
o /
g I
| - . - o v
5 \ Sugars and amino acids Asit fermentasyonu: Baslica asetik asit olmak lze ucucu yag
Mo Fermentation by asitleri (karboksilik asit) olusum safhasi
= =| fermentative microbes
co, v Asetik asit liretimi: Hidrojenin elektron alicisi olarak kullanildig
OIS Al Long chain asetik asit Uretim safhasi
organic acids fatty acids
|
Acetogenesis by ¥ imis x imi ilci Ri i i
obligate hydrogen i@aducing edfgens Metan u!‘etlml. Metan Uretimi iki biyokimyasal reaksiyonla
gerceklesir.
1-%70 CH;COOH =>CH,+CO,
r 2'0/030 4H2+C02 9CH4+2H20
Hydrogen Acetlc acid
Methanogenes:s by Methanogenesis by Iki fazh reaktorlerde hidroliz ve asit Uretim safhasi ile metan
hydrogenotrophe | [acetgiasg microbes tretim safhasi ayn olur. Hidroliz ve asit tretim safhasi pH'a
v v karsi hassas degildir. Her safhadaki karistirma, hidrolik
Methane Methane CO;

bekletme sliresi ve organik ylku optimize etmek gerekir.
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GIRIS-ARITMA KONSEPTI

Anaerobik aritma: Atiksulardaki organik maddelerin, anaerobik ve fakultatif mikroorganizmalar tarafindan
oksijensiz ortamda sivi, gaz (baslica CH, ve kalani CO,) ve diger stabil Uriinlere donlstirilmesidir. Proses Ui¢
safhada gerceklesir: hidroliz, asit uretimi ve metan uretimidir.

Hidroliz: Kompleks organik bilesenlerin hidrolitik bakteriler tarafindan basit substrat bilesenlerine
dontusumudur. Enzimler bu reaksiyonlar katalizlerler.

Hidroliz, kisaca su ile reaksiyon olarak da degerlendirilebilir. Bu reaksiyonlar biitiin cevresel
sartlarda gerceklesebilir. Hidroliz, asit kullanarak kimyasal olarak da gerceklestirilebilir.

Hidroliz, bir oksidasyon-rediiksiyon reaksiyonu degildir ve karbonun ortalama oksidasyon
basamagi degismez.

Hidroliz, anaerobik ayrismanin ilk safhasi olmasina ragmen, prosesi kontrol etmez. Ancak, fazla biyolojik
camurlar ve selllozik igerikli atiklar gibi hidroliz hizi dusuk olan bilesenlerde hiz kisitlayici safha hidroliz
safhasi olabilir.

Polimerlerin hidrolizi genellikle yavastir.
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GIRIS-ARITMA KONSEPTI

Hidroliz hizini ve derecesini etkileyen hususlar sunlardir (Anaerobic reactors, Yazar: Carlos Augusto de Lemos
Chernicharo):

B Reaktoriin isletme sicakhqi,
B Substratin reaktorde bekletme siresi,

B Substratin bilesimi (lignin, karbonhidrat, protein ve yag bilesenleri),
m Partikillerin buyudklugu,

B Ortamin pH'l

®m NH5-N konsantrasyonu,

® Hidroliz Grinlerinin konsantrasyonlari (ucucu yag asitleri)

Asit liretimi: Yiksek molekiler agirhkl kompleks organik bilesenlerin, mikroorganizmalarin enerji ve karbon
kaynad olarak kullanilabilecegi diigtik molekdler agirlikli bilesenlere (baglica ugucu yag asitlerine)
donusimudur. Bu safhada KOI-BOI stabilizasyonu az miktarda gerceklesir.
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GIRIS-ARITMA KONSEPTI

Metan iiretimi: Bu safhada, asit bakterileri tarafindan ara liriin olarak iiretilen ucucu yag asitleri
anaerobik sartlarda CO, ve CH, gibi basit nihai urunlere donusturulur. Metan bakterileri mutlak
anaerobiktir. Bu bakteriler, pH ve sicaklik gibi cevresel parametrelere karsi asit bakterilerinden
daha hassastir. Bu yuzden, prosesin hizini genellikle metan uretim safhasi belirler. Organik
maddelerin stabilizasyonu bu safhada gerceklesir.

Hidrolitik bakteriler: Kompleks molekiillere su ilave ederek onlari klicuk-¢coziinmius bilesenlere
parcalarlar.

Fermantasyon: Organik bilesenlerden katabolik oksidasyon-rediiksiyon reaksiyonlariyla enerji
uretimidir. Organik bilesenler hem elektron alicisi hem de elektron vericisidir. Fermantasyonda
organik bilesenlerin bir kismi elektron alicisi oldugu icin, organik maddelerin bir kismi
oksitlenirken bir kismi indirgenir. Sekerler, mayalar tarafindan alkol ve karbondioksite
donusturulur. Fermentasyon icin ORP <—=100 ~+300 arasinda olmalidir. Fermentasyon anaerobik
sartlarda gerceklesir.

e Asit retim safhasinda  : BOI;/KOI > 0,4
e Ara safhada : 0.4 > BOILs/KOI > 0,2
e Metan uretim safhasinda : BOI;/COD < 0,2
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1. Hidroliz: Partikiler

organiklerin ¢ozunmesidir.

(kompleks organik
maddelerin ¢bziinmdiis
organik bilegiklere
dbniistimdii) Biyokimyasal
bir prosestir. Hlcre disi
bakteriyel enzimler
tarafindan gerceklesgtirilir.
Bu safhada organikler
stabil olmaz. Atiksu
aritma gamurlarinin
anaerobik
stabilizasyonunda hiz
kisitlayici safha
hidrolizdir.

(Liquefaction: transformation
into a liquid)

2. Asit uretimi:
(Acidogenesis:

Asetojenesis)
Cozunmus molekuller
hlcre membranlarindan
gecer ve fermentasyonla
kisa zincirli yag asitlerine,
alkollere ve laktik asite
donusur. Baslica ugucu
yag asitleri: asetik,
propiyonik, blitrik, valerik
ve kaproik asittir. Bu
safhada H, de agiga ¢ikar
ve H, gazi asit lreten
bakterileri inhibe eder.

Biyo-ayrisabilir KOI'nin en az
%50'si butrik ve propiyonik
asite donusdur.

3. Asetik asit

uretimi: Acetogenesis:
Baslica nihai Urunler:
asetik asit ve hidrojendir.
Methanogen bakterileri
ikiye ayrilir:

1. Hydrophilic
methanogens: Metan —
tiretimin %28'i

-4
4H, + CO, = CH, +2H,0
2. Acetophilic )
methanogens: D

(Metanojenesis)
Metan dretimin %72'si -9

CH,COOH+ = CH, +CO,

Substrat giderimi bu safhada
gerceklegir. Metan suda
¢6zinmedigi i¢in su ortamini
terk eder ve organik maddeler
sudan giderilmis olur.
Cézinmlus organik bilesik
ihtiva eden atiksular icin hiz
kisitlayici safha metan (iretim
safhasidir.
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Particulate material

Slow
(potentially limiting)

Hydrolysis

Fast
(never limiting)

Soluble/biodegradable COD

fermentation

Acidogenic (/

Volatile Fatty Acids (VFA)

Slow
(potentially limiting)

Methanogenesis

Biogas (CH, + CO,)

Inhibition

Inhibition

SEKIL: Anaerobik prosesin olasi

hiz kisitlayici safhalari

p X



Organic polymers
Fats, proteins, poly-saccharides

Hydrolysis < _ Fermentative
micro-organisms

4% 20%

ki Alcohols,
C3+ carboxylic acids
Acetogenesis <

Acetogens

> Acetate
Hydrogenophilic 289 799, Acetophilic
Methanogenesis < methanogens - “Imethanogens

! CH,, CO,

Anaerobic Treatment Process

Cogu kimyasal ya da
biyokimyasal reaksiyon birden
fazla seri reaksiyonlar sonucu
gerceklesebilir. Reaksiyonun
hizi, en yavas gerceklesen
reaksiyon adimina gore
belirlenir.

) 4
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1. Disintegration. Extracellular process converting composite particulate materials to carbohydrates,
proteins, and lipids

2. Hydrolysis: Extracellular process converting particulates into soluble monomers

3. Acidogenesis: Conversion of monomers to bicarbonates, alcohols, hydrogen, and organic acids through
fermentation

4. Acetogenesis (Asetojenesis): Oxidation of alcohols and organic acids to hydrogen and acetate

5. Methanogenesis (Metanojenesis): Formation of methane from hydrogen and acetate

Hydrolysis and Formation of Lower Fatty Acids by Acidogenic Bacteria

The formation rate of amino acids from proteins, glycerine and fatty acids from lipids and monosaccharides
from higher hydrocarbons depends on:

e the mole mass of polymers,
e their stability during hydrolysis,
e the portion of colloids,

e the concentration of enzymes.
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Substrates and products Examples

\bacteria/

polysaccharides
proteins
lipids
nuclein acids
hydrolysis .
We’rﬁ/ 1l CnHanQO2n —* 3 CeH1206 + NH20

monosacharids

aminoacids

lower fatty acids

~ Termentation ™~ 1 11 1 CoHi205 —> CHsCHCOOH + CHaCOOH
lower fatty acids
ethanol

W i CH3COOH + GOz + 3Hz
acetate hydroge;‘

, 3a | 3b
methanogenation 3a 3h CH;COOH —» I 4Hs + COQ» —»

CHs+ CO2 I CHa + 2H20

CHs+CO2| |CH4+2H20 )
48

Fig. 8.1 Anaerobic metabolism.
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Hydrolysis

Complex carbohydrates ----- > Simple sugars
Complex lipids ----- > Fatty acids
Complex proteins ----- > Amino acids
Acid Production
Simple sugars + fatty acids + amino acids ----- > organic acids, including acetate + alcohols

Acetogenesis (acetate production)

Organic acids + alcohols ----- > acetate

Methane production: acetoclastic methanogenesis

Acetate p | CHgq +CO2

Figure The critical biochemical
reactions in the anaerobic
Methane production: hydogenotrophic methanogenesis d/:Q&’Stl'Oﬂ Process and Pr oduction
of methane include hydrolysis,

Ho + COy . CHa acid production, aceto_genesis,
and methane production.
Methane production
Methane production: methyltrophic methanogenesis may occur through the use of
acetate, hydrogen and carbo) 49
Methanol » | CH4+H20 dioxide, and methano
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Fermantasyon

Fermantasyon, organik bilesenlerin hem elektron alicisi hem de elektron vericisi olarak kullanildigs,
anaerobik katabolizma mekanizmasina dayanan biyokimyasal reaksiyonlarla enerji uretimidir.

Baska bir tanim, anoksik ortamda hetetrofik organizmalarin organik molekil icerisindeki elektronlari
yeniden dizerek basit organik (asetat, etanol, H,, CH, gibi) ve inorganik bilesenlere (CO,, H,0)
donustiurmesi ve enerji uretmesidir.

CgH,,0, — 2CH;CH,O0OH (etanol) + 2CO, AG° = 239 kJ mol-!
e Fermantasyon anaerobik solunumun bir formudur.
e Fermantasyon anaerobik sartlarda gerceklesir.
e Fermantasyonla kompleks organik bilesenler basit substrat bilesenlerine donusur.
e Fermantasyonla organik maddeler kismen okside olur.

e Fermantasyonla buylik molekillerden enerji ¢cikararak kugiik molekiiller uiretilir. Bu yuizden organik
madde icerisindeki potansiyel kimyasal enerjinin az bir kismi aciga cikar. Ayrisan organik bilesenin
ihtiva ettigi enerjinin cogu fermente olan iiriin icerisinde kalir.

e Fermantasyon icin ORP'nin <-100 ~ +300 mV arasinda olmasi gerekir.

e Fermantasyonla molekdl icerisindeki elektronlar yeniden dizilir.
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ACETATE FERMENTATION

Acetate is produced in several fermentative pathways.
4H, + 2CO,=>» CH;COOH + 2H,0

4CO + 2H,0 = CH;COOH + 2CO,

4CH;0OH + CO, = 3CH;COOH + 2H,0

CeH1,0¢ = 3CH;COOH

ALCOHOL (ETHANOL) FERMENTATION

Although alcohol fermentation is the domain of yeast (mostly Saccharomyces), alcohol is produced by several
species of bacteria in the genera Erwinia, Sarcina, and Zymomonas. These organisms produce ethanol from
the anaerobic degradation of hexoses such as glucose. At relatively low pH values (<4.5), alcohol is produced
by bacteria in the genera Enterobacter and Serratia.

CgH1,0¢ & 2C,H:OH + 2CO,

Fermantasyon: Organik bilesenlerden katabolik oksidasyon-redliksiyon reaksiyonlariyla enerji tGretimidir.
Organik bilesenler hem elektron alicisi hem de elektron vericisidir. Fermantasyonda organik bilesenlerin bir
kismi elektron alicisi oldugu icin, organik maddelerin bir kismi oksitlenirken bir kismi indirgenir. Sekerler,

mayalar tarafindan alkol ve karbondioksite donusturaltr. Fermentasyon icin ORP <—100 ~+300 arasinda
olmalidir. Fermentasyon anaerobik sartlarda gerceklesir.
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METHANE FERMENTATION

Three types of methane-forming bacteria achieve methane production—two groups of obligate
chemolithotrophic methanogens and one group of methylotrophic methanogens.

Chemolithotrophic methanogens produce methane from carbon dioxide and hydrogen (Equation 1) or
formate (Equation 2). Carbon monoxide also may be used by some chemolithotrophic methanogens in the
production of methane (Equation 3).

Methylotrophic methanogens produce methane by using methyl group (—CH3)-containing substrates such as
methanol (Equation 4), methylamine (Equation 5), and acetate (Equation 6). These organisms produce methane
directly from the methyl group and not via carbon dioxide.

Chemolithotrophic methanogens

CO, + 4H, = CH, + 2H,0 (1)

2HCOOH = CH, + CO, (2)

4CO + H,0 = CH, + 3CO, (3)
Methylotrophic methanogens

3CH;0H + 3H, = 3CH, + 3H,0 (4)

4(CH;) ;—N+6H20»9CH,+3CO,+4NH;  (5)

CH;COOH = CH, + CO, (6)
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TABLE Major Acids and Alcohols
Produced Through Fermentation
Processes in Anaerobic Digesters

TABLE Growth Yields (as % of
COD removed)

Name Formula

Acetate CH;COOH

Butanol CH5(CH,),CH,0OH
Butyrate CH5(CH,),CH,COOH
Caproic acid | CH5(CH,),COOH
Formate HCOOH

Ethanol CH,;CH,OH

Lactate CH;CHOHCOOH
Methanol CH50OH

Propanol CH5;CH,CH,OH
Propionate | CH;CH,COOH
Succinate HOOCCH,CH,COOH

Substrate (waste) | Yield

Alcohols 0.06-0.08
Carbohydrates 0.08-0.1 5
Organic acids 0.02-0.04
Proteins 0.03-0.06

B Prof. Dr. Ahmet GUNAY, Balikesir Universitesi, Miihendislik Fakiiltesi, Cevre Miih. Bol. Cadis/Balikesir, agunay@balikesir.edu.tr, ahmetgunay2@gmail.com




TABLE Volatile Acids Commonly Found In Anaerobic Digester

Volatile Acid | Number of Formula

Carbon Units
Formate 1 HCOOH
Acetate 2 CH;COOH
Propionate 3 CH5CH,COOH
Butyrate 4 CH,(CH,),COOH
Valeric acid 5 CH,(CH,);COOH
Isovaleric acid 5 (CH;),CHCH,COOH
Caproic acid 6 CH,(CH,),COOH

The higher the volatile solids feed to the digester, the larger the amount of volatile acids formed in the
digester. The larger the amount of volatile acids in the digester, the greater the impact of volatile acids on
digester alkalinity and pH. Therefore, sludges that have a high volatile content should be transferred
slowly to an anaerobic digester.
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Fig. 6.1. The relationship among bicarbonate alkalinity, CO2 and pH (Left: 35 °C; Right: 55 °C).

Anaerobic biotechnology-environmental protection and resource recovery, p112



Methane-forming bacteria are strict anaerobes and are extremely sensitive to changes in alkalinity, pH, and
temperature. Therefore, operational conditions in the digester must be periodically monitored and
maintained within optimum ranges. In addition to alkalinity, pH, and temperature, several other operational
conditions should be monitored and maintained within optimum ranges for acceptable activity of methane-

forming bacteria. These conditions are gas composition, hydraulic retention time (HRT), oxidation-

reduction potential (ORP), and volatile acid concentration.

The difficulty in achieving proper digester operation is the presence of different bacterial groups that
have different optimum values or ranges of values for operational conditions. For example, there are
two optimal temperatures for anaerobic digestion of solids. The acid-forming bacteria have an optimum
temperature at 30°C, and the mesophilic, methane-forming bacteria have an optimum

temperature at 35°C.
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