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SISTEM KONSEPTI

e Metan gazi iiretimi: Sistem, biyogazi enerji kaynadi olarak kullanilacak sekilde tasarlandiysa giderilen
substrat basina Uretilen metan gazi miktari dnemlidir. (L CH,/KOIyq, L CH,/BOI 4, L CH,4/VSSeq; )

e Toksik bilesenler: Mikrobiyal gelismeyi inhibe edebilecek toksik bilesenlerin belirli limitleri asmamasi
gerekir. Bu limit genellikle aritilabilirlik calismalari ile belirlenir.

e Niitrientler ve iz elementler: Temel nitrientler olan, azot, fosfor ve kikdrt 50:10:5 oraninda olmalidir
(N:P:S=50:10:5). Iz elementler, demir, bakir, nikeli ¢inko, ve dig. bilesenlerin atiksuda bulunmasi gerekir.

e Ucucu yag asitleri (UYA): UYA<1000-1500 mg/I olmahdir.

e Atiksuyun alkalinitesi: Ham atiksuda gram KOI basina 2000-4000 (2000) mg/l CaCO3 alkalinite genellikle
pH'l notr menzilde tutmak icin yeterlidir. TUYA/Alkalinite<0.1-0.25 (0.35) olmalidir.

Sistem, atiksuyun siirekli olarak beslenebilecegi tiimiiyle kapah bir reaktorden olusur. Aciga
cikan biyogaz, gaz toplama siteminde biriktirilir ve enerji kaynagi olarak kullanihr.
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TASARIM YAKLASIMI
Anaerobik aritma proseslerinin tasariminda esas alinan temel hususlar;

e Atiksuyun tipi ve miktari: Anaerobik aritma, disik kuvvetlilikteki atiksular icin de yayginlagsmakla

birlikte, kuvvetli endiistriyel atiksular icin uygundur. Diisiik KOI ya da BOI iceren atiksular enerji kaynag
olarak kullanilabilecek yeterli miktarda metan tretmez.

e Istenen artima verimi: Yiksek kuvvetlilikteki atiksular icin anaerobik aritmadan sonra aerobik aritma
uygulandiginda genellikle organik madde ve askida kati madde gideriminde istenen verime ulasilabilir.

e Debi ve organik madde salinimlari: Atiksu debisindeki salinimlar ve organik icerikteki degisimler asit
uretimi ve metan Uretimi arasindaki dengeyi bozabilir ve prosesin performansini olumsuz etkileyebilir .

e Sicaklik ve pH: Anaerobik aritma normalde mezofilik sicaklik menzilinde (25-35 °C) isletilir. Isletme pH'si
notr menzildedir (opt. pH 6.80~7.20; 6.40-7.4 tolere edilebilir). Disik pH degeri metan Gretimini inhibe eder.
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Figure 4.3.  Design recommendations for completely mixed anacrobic digesters (adapted
from Metcalf and Eddy, 1991)

Carlos Augusto de Lemos Chernicharo, Anaerobic reactors, p 55 ) :
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SICAKLIK

Sicaklik bakteri Gremesini etkileyen en dnemli cevre faktorlerinden biridir. Diger mikroorganizmalarda oldugu
gibi, anaerobik bakterilerin Greme hizlari belli bir degere kadar sicaklikla artar ve daha sonra azalir Sicaklik,
treme hizini etkilemesi yaninda, viskozite, ylizey gerilimi ve ktle aktarimi gibi fiziksel parametreleri de etkiler.

Organik atiklarin anaerobik aritimi genellikle iki sicaklik araliginda yapilir: mezofilik bdlge 25-40°C ve 45°C'in
tzerinde termofilik bolge.

Anaerobik bozunma psikrofilik sicaklik araliginda da (25°C'in altinda) devam eder. Anaerobik bakteriler diisiik
sicakliklara kolayca adapte olabilirler.

Sicaklik mezofilik bélgeden psikrofilik bdlgeye distrildiginde populasyonun kompozisyonu degismez. Bu,
disuk sicaklikta psikrofilik mikroorganizmalarin varligini degil, psikrotolerant mikroorganizmalarin aktif oldugunu
gosterir.

Termofilik sicaklik araliginin pek ¢ok avantaji vardir. Yuksek sicaklikta:

e Reaksiyon daha hizli ve hidrolik bekleme siiresi kisadir, dolayisiyla ayni atigin bozunmasi icin gerekli reaktor
hacmi daha kucguktdr,

e Partikiil maddenin hidrolizi daha hizhdir,

e Patojenler daha kolay yok edilir.
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Normal Temperature Range

Temperature Class for Growth (°C)
Psychrophile —3to 20
Mesophile B 1o 45
Thermophile 40 1o 70
Hyperthermophile 6510 110

e Psikrofilik: Duisuik teknolojili-
1Isitmasiz <20 °C (5-25 °QC).

e Mezofilik: 20-45 (35) °C. (En iyi
35-36.5 °C)

e Termofilik: >45 (55) °C. (Optimum
55 9C) (Devreye almasi uzun siirer,
proses hizlidir, enerji tiiketir, patojen
giderme verimi yiiksektir.)

En ideal isletme sicakligi hacimce
%30'un altinda karbondioksit
uretimini veren sicakhiktir.

Thermophile  Hyperthermophile

Mesophile
Psychrophile

Growth rate

0 20 40 60 80 100 120
Temperature, °C

Figure 1.5 Effect of temperature on growth rate of
different temperature classes of
bacteria.



Termofilik aritmanin, psikrofilik ve mezofilik aritmaya gore yuksek metabolizma hizi ve patajonlerle
yabani ot tohumlarini yuksek parcalama hizi gibi avantajlari vardir. Ancak, bunlarin yaninda,
mezofilik aritmaya gore isitma igin enerji ihtiyaci fazladir. Anaerobik aritma mezofilik (35 °C) ve termofilik (55-
60 °C) sicaklik degerlerinde gerceklesir.

Metanojenik aktivite psikrofilik (15 °C civari) ve extromofilik (65 °C civar) sicakliklarda da gozlenir. Organik
maddelerin anaerobik parcalanmasinin 2 °C'nin altinda bile gerceklestigi gozlenmistir.

Anaerobik aritma cogunlukla mezofilik ve termofilik sicaklik menzilinde uygulanmakla birlikte, tropikal
bolgelerde ortam sicakliginda da aritma yapilabilir. Tropikal bdlgelerde sicaklik kontroli yapilmadan da aritma
yapilabilir ve aritma prosesi, sicakligin giindiiz-gece degisimleri ile hava kosullarina baglidir.

Tropikal bolgelerde gece ve giindiiz arasindaki sicaklik farki 5-10 °C'dir. Kuru (yagmursuz) sezonda (Kasim-
Nisan) glindiz Olcllen ortalama maksimum sicaklik 28 °C, gece 6lclilen minimum sicaklik ortalamasi ise 18
°C'dir. Yagmur sezonunda (Mayis-Eylil) maksimum ve minimum sicaklik ortalamalari sirasiyla 32 ve 24 °C'dir.

U

Sicakligin 20-35 °C araliginda degistigi tropikal bolgelerde; yliksek hizli anaerobik reaktorler evsel atiksularin
artimi icin iyi bir alternatif olarak disiindlmektedir. Bunun yaninda ihman ve soguk iklimlerde de basariyla
isletilen érneklerine rastlanmaktadir.
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FIG. 2.3. Effectof temperature change on biogas production rate.
Source: Speece {1996). Reprinted with permission.
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Sicakligin azalmasi kimyasal ve enzimatik faaliyetlerin azalmasina, ayrica bliyimenin yavaslamasina
sebep olur. Cok dusuk sicakliklarda ise bliyime tamamen durur yalnizca hayatta kalinir. Minimum blyume
sicakhgi, hiicre membraninin uygun fonksiyonlarini kaybetmesi ile sonraki adimda uyku halinin olusmasi ve
bilesenlerin salgilanmasinda rahatsizlik olusmasina karsi gelir. Diger yandan, sicaklik arttiginda enzimatik
faaliyetler ve blyime, sicaklhik optimum oluncaya kadar artar, daha fazla artista ise protein, nukleik
asit ve diger hiicresel bilesenler tersinmez sekilde zarar goriirler. Yani, sicaklik artisi belli bir optimuma
kadar, organik maddelerin parcalanmasi agisindan iyidir, ancak sicakligin cok artmasi metabolizmaya zarar verir.

Cogu anaerobik aritma sistemi mezofilik calisir, cinki psikrofilik sartlarda distk parcalanma hizi ile yiiksek
hidrolik bekletme siresi ve ylksek camur yasina ihtiyac duyulur.

Her ne kadar Uzerine calisma yapilsa da psikrofilik anaerobik aritma icin hidrolik bekletme stresi ya da organik
ylkleme degerleri icin optimum tasarim parametreleri belirlenmemistir.

Dusuk sicaklikta CO, ¢6zinlrligu artar bu da pH'In diismesine sebep olur.

Dislk sicaklikta sivi vizkositesi artar, bu nedenle reaktor icinde ylksek karisim olur bu da sivi-kati faz ayrimini
zorlastinir. Sivi viskozitesi ile ilgili olarak, ¢oziinir bilesenlerin diflizyonunun, sicakligin azalmasiyla azaldig
soylenebilir.

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




Reaktorlerdeki biyokitle miktari (ayni zamanda camur yasi) arttikca sistemin, dusuk sicaklik etkilerini
dengeleme kapasitesi de artar. Anaerobik aritmada sicakligin, olabildigince sabit tutulmasi ve gin icinde
2°C'den fazla degismemesi gerekir.

Cogalma hizlari daha ytliksek olan asit bakterileri, sicaklik degisimlerine daha ¢abuk uyum saglarlar. Ancak
metan bakterileri bu degisime ayni hizla uyum gosteremedikleri icin sistemde dengesizlik ve ucgucu asit birikimi
gozlenir.

Dislk sicakliklarda aktif biyokUtlenin blylmesi cok zor ve zaman alicidir ayrica anaerobik camurun spesifik
aktivitesi 35 °C'de; 20 °C'ye gore iki kat, 10 °C'ye gore ise alti kat daha fazladir.

Bundan dolayi reaktor disuk sicakliklarda isletilecekse dahi baslangic periyodu mezofilik veya termofilik
sartlarda yapilmalidir ve her tirli sartta mikroorganizmalara zarar vereceginden dolayi ani sicaklik
degisimlerinden kaciniimaldir.

Anaerobik aritma sistemlerinin tasarimindaki en énemli cevre parametresi, reaktor sivi ortam sicakligidir.
Pratikte genellikle mezofilik reaktorler yaygindir, termofilik reaktorler nadiren kullanilir.
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Growth yield of anaerobic microorganisms, and especially methanogens, is extremely low when compared to
aerobic microorganisms, and “K” is dependent on temperature. Below 20°C, SRTmin may exceed 30 days for
methanogens. Thus, efficient treatment of dilute wastewater at a low temperature requires a longer SRT. In a
continuous stirred tank reactor, longer SRT (or longer HRT) means bigger reactor size. From an economic
standpoint, such reactor configuration is not suitable for treating dilute wastewater. In high-rate reactors, such as
upflow anaerobic sludge blanket (UASB), anaerobic filter, and fluidized/expanded-bed reactor, the temperature
control becomes less important and dilute wastewater can be treated efficiently due to extremely long SRT
irrespective of HRT. Methane fermentation has been reported to proceed effectively at temperatures as low as
10—20-C and chemical oxygen demand (COD) concentrations of 200—600 mg/L in an attached growth system
(Switzenbaum and Jewell 1980). Anaerobic membrane bioreactor (AnMBR) can also be employed in treating
medium-to low-strength wastewater at low temperatures (Ho et al. 2007). AnMBR maintains a long SRT due to
retention of biomass in the bioreactor.

Anaerobik proseslerin ani sicaklik degisimine karsi gosterdikleri tipik davranislar:

e Dusuk sicakliklarda mikrobiyal aktivite duser.

e Yari doygunluk sabiti Ks artar.

e Uzun sireli sicaklik degisimlerinde predominant mikroorganizma grubu ve hiz sinirlayici basamak degisebilir.

e Disuk sicakliklarda biyokutle dénlisim katsayisi artar (dusik hidroliz ve icsel solunum degerine bagh olarak).
e Cogalma hizinin diisiik olmasi, mikroorganizmalarin toparlanma ve adapte olma siirelerinin yavaslamasina sebep
olur.

* Biyofilm halindeki sistemler, askida ¢ogalan sistemlere nazaran sicaklik degisimine karsi daha hassastirlar
(Nicin?).
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Table 3.1: Performance of UASB reactor treatment of landfill leachate.

Reactor type i Temp. OLR* HRT COD remavsl References
_ _ (°C) | (kg CODImd) (d) (%) B
UASE 18-23 3.3 0.96 57-60 Kettunen and Rintala
(1998)
UASE 19-23 3.2 0.54 71-77 Keitunen and Rintala
(1998)
UASE 12-14 1.5 1.3 49-55 Keltunen and Rintala
(1998)
UASE 37 0.44-1.47 10-3 44-58 Mendez ei al. (1989)
UASB 35 0.31-1.92 10.67-1.85  558-645 Mendez et al. {(1989)
UASB-AF 35 1.43-21.79 7.67-2.68 67.9-92.8 Chang (1989)
UASB-AF 35 21.65-29.0 1 84.5-95 Myburg and Britz {1893)
UASB-AF 37 9.15-12.99 2-1.4 91-93 Britz et al, (1990)
UASB-AF 37 14.53-20.54 1.2-0.9 82-89 Britz et al. (1990)
UASE 35 9.4 2.3 87 Rumpf and Ferguson
(1950)
UA Hybrid 35 21.65-29.0 1 80-25 Myturg and Britz (1993)
UASE 35 5.8 24 88 Berueta and Castrilion
(1992)
UASE 35 1.3-8.2 2.4-2 75-90 Inanc et al. (2000)

)
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TABLE Operational Conditions for Acceptable Activity of Methane-forming
Bacteria and Methane Production

Condition Optimum Marginal
Alkalinity, mg/l as CaCQ3 1500-3000 1000-1500
3000-5000
Gas composition
Methane, % volume 65-70 65-70 & 70-75
Carbon dioxide, % volume 30-35 25-30 & 35-40
Hydraulic retention time, days 10-15 7-10 & 15-30
pH 6.8-7.2 6.6-6.8 & 7.2-7.6
Temperature, mesophilic 30-35 °C 20-30 &35-40 °C
Temperature, thermophilic 50-56 °C 45-50 & 57-60 °C
Volatile acids, mg/I as acetic acid 50-500 500-2000
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Volatile fatty acids (VFA) The most common on-line analysis technigue is the total
concentration of VFAs in the reactor. Low VFA concentrations (<100 mg/L} indicate that
methanogenesis is not the rate limiting step. Furthermore, propionic acid has been shown
to have the lowest tolerance level among the VFAs for the anaerobic bacteria. Propionic
acid accumulated in anaerobic digesters during overloading and was difficult to remove
during recovery (Fang et al., 1995). Speece (1996} stated that elevated VFA
concentrations should be considered to be a result of trace metal deficiency in the
acetogens or hydrogen-utilizing methanogens, unless proven otherwise. VFA
concentrations should normally range between 50-100 mg/L. Stronach and Lester (1986)
note that methanogenic populations were inhibited at propionate concentrations in excess

of 300 mg/L, although this effect could be overcome by acclimation.

)
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Unbalanced Systems
Indicators:
e volatile fatty acids (VFA) conc.: most important or utilized indicator
e pH (related to VFA, CO2
e CO2 in gas increasing
e total gas production decreasing
e waste treatment/stabilization decreasing
Factors:
e temperature
e organic loading (waste strength)
e nature of waste
How to detect a failing anaerobic treatment process
e Odour
e Explosion (worst case !l — extremely rare)
e Foaming
e Low pH value
e No or low biogas production
e Low methane content in biogas
o \olatile solids (VS) fraction in effluent close to the VS fraction in the influent, indicating no VS removal
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Main possible causes of process failure

e Organic overload (too much BOD added per m3 and day) This applies particularly to easily
degradable substrate, e.g. brewery wastewater

e Insufficient alkalinity and therefore a drop in pH (could add alkalinity, e.g. lime)

e Toxic substances in influent are inhibiting methanogens (this applies only to industrial

wastewater)
Condition Example
Hydraulic overload Overpumping of dilute feed sludge
Organic overload Overpumping of concentrated feed sludge
pH changes Drop in pH (<6.8) and loss of alkalinity
Temperature fluctuations Overpumping of feed sludge
Toxicity Specific inorganic and organic wastes
Large withdrawal of sludge Excess withdrawal of sludge and reduced retention time
Sudden changes Rapid increase in nitrate ion concentration
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TABLE Indicators of Unstable Anaerobic Digesters

Indicator

Decrease

Increase

Biogas production

X

Methane production

Alkalinity

pH

Volatile solids destruction

X [ X [X | X

Volatile acid concentration

Percent CO, in biogas

p X
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The SRT is the primary factor determining the performance of anaerobic processes. An SRT of 15 to 20 days is
generally required to achieve stable, reliable performance at 35°C. Many high-rate processes have SRTs in
excess of 30 to 50 days, and sometimes even 100 days. These very high SRTs may partially account tor their
stability.

It is not possible To precisely determine the SRT for some bioreactors. In such cases, the VOL is used to
characterize process performance. The VOL is related to the SRT through the process yield and the biomass
concentration.

The performance of some high-rate anaerobic processes, such as AF, UASB, hybrid UASB/AF, DSFF, and FB/EB,
is affected by the total hydraulic loading (THL). The THL is the total bioreactor influent flow rate, including
recirculation, divided by the cross-sectional area perpendicular to flow. Total hydraulic loading criteria include
maximum values to prevent biomass washout and minimum criteria to fluidize/expand media or to ensure
good flow distribution,

Optimum performance of anaerobic processes is generally achieved by operation at a temperature near the
optimum for mesophilic (30°C to 40°C) or thermophilic (50°C to 60 °C) microorganisms. Acceptable
performance can be achieved at temperatures below these values if an increased SRT is provided and if
sufficient time is allowed for acclimation. Short term temperature fluctuations must be avoided, with a
typical goal of no more than 1 °C/day.
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Sodium bicarbonate is the most desirable chemical for pH adjustment, other options result in pH variations as
the added chemical reacts with carbon dioxide, removing it from the gas space. When the carbon dioxide
balance is restored through continued metabolic activity, a second pH shift occurs. Addition of calcium based
chemicals can also cause the precipitation of calcium carbonate.

Total ammonia (the sum of the free plus ionized ammonia species) concentrations of 50 to 200 mg/L as N
stimulate microbial growth in anaerobic processes. However, free ammonia (NH5) can be inhibitory if it reaches
concentrations of about 100 mg/L as N. The fraction of total ammonia present as free ammonia increases with
increasing temperature and pH.

Three strategies are available for reducing ammonia toxicity, including:
(1) reducing the temperature,
(2) reducing the pH and
(3) reducing the total ammonia concentration. The pH can be reduced by the addition of hydrochloric acid.
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Dissolved sulfide is toxic to anaerobic processes at a concentration of about 100 mg/L (200 mg/L with
acclimation). Sulfide is formed by the destruction of sulfur-containing organic matter and by the reduction of
sulfate. The possibility of sulfide inhibition must be considered for waste-waters with COD/SO, ratios less
than about 7,5.

Sulfide reacts with heavy metals, forming insoluble precipitates that are not inhibitory. The reduction of sulfate
requires electrons from biodegradable organic matter, thereby decreasing the number available for methane
production. Sulfide production also decreases the degree of waste stabilization because soluble sulfide exerts
an oxygen demand.

Dissolved heavy metals can be quite Toxic to anaerobic processes. However, the presence of dissolved sulfides
minimizes their effect since the sulfide precipitates of heavy metals are quite insoluble. Evidence concerning
inhibition by volatile acids is mixed. Andrews and coworkers have suggested that it is the nonionized form
of the VFAs that is actually inhibitory, with concentrations on the order of 30 to 60 mg/ L having an
effect. At neutral pH relatively high total VFA concentrations are required to cause nonionized
concentrations in that range.
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A wide variety of organic compounds can inhibit anaerobic processes. However, biomass can become
acclimated to many of these compounds and cultures can acquire the ability to biodegrade many of them.

Because the net process yield is low in anaerobic systems, nutrient limitations are seldom encountered when
treating complex wastewaters, but they may occur when treating certain high-strength industrial wastewaters.
Nutrients of concern include the macronutrients nitrogen and phosphorus and the micronutrients
iron, nickel, cobalt, sulfur, and calcium.

Several approaches are used to mix anaerobic processes, including effluent recirculation, gas recirculation, and
mechanical mixing. Mixing in anaerobic digesters is particularly challenging because of the thixotropic nature of
the solids processed.

The nature of the organic matter fed to an anaerobic process can dramatically affect its performance. For
example, the biodegradable portion of the particulate organic matter in primary solids is typically about 70%,
while the biodegradable portion of the particulate organic matter in waste activated sludge typically ranges
from 30 to 50%, depending on the SRT of ihe activated sludge system from which it came.

Anaerobic digesters are typically designed with SRTs on the order of 15 to 20 days at 35°C to achieve good
stabilization of biodegradable organic

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




Anaerobic digesters are typically designed with SRTs on the order of 15 to 20 days at 35°C to achieve good
stabilization of biodegradable organic matter and control of pathogens. Design procedures must also consider
variations in influent flow rates and requirements to periodically remove units from service for maintenance.

Low- and high-rate anaerobic processes are often designed using VOLs and other parameters based on pilot-
scale and full-scale experience. Pilot lests may be needed to design a specific installation, or previous
experience with the subject wastewater in anaerobic processes may provide sufficient information for design.

The procedures used to design many anaerobic process options are analogous to those used to design other
processes considered in this book.

Several solids fermentation process configurations are available. In general, fermentation processes are
operated at SRTs that are short enough to preclude the growth of aceticlastic methanogcns. Control procedures

for anaerobic processes generally require monitoring the bioreactor pH, the volatile acids to alkalinity ratio, and
the methane production rate.

Foaming removes active biomass from the liquid phase in the bioreactor, thereby interfering with anaerobic
treatment. It can be caused by incomplete metabolism of influent organic matter or by the presence of
Nocardia.
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Foaming caused by incomplete metabolism can be reduced by reducing the process loading. Foaming caused
by Nocardia requires its elimination from the feed by appropriate control of the activated sludge system

producing it.

Precipitates can form in anaerobic processes and cause scaling of surfaces and plugging of piping. One
frequently encountered precipitate is struvite (MgNH,PO,). It is encountered when complex wastes are
degraded, resulting in releases of high concentrations of magnesium, ammonia, and phosphate. Calcium
carbonate can form when wastes that are high in calcium (such as dairy wastes) are treated.
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Biokinetic parameters (half-velocity constant, yield coefficient, specific growth
rate, specific substrate utilization rate, etc.)
Doubling Time Cell Yield Cell Activity ks
days g VSS g1 COD gCODg!'VsSSd!l mM
Active Sludge (sugar)
Aerobic Bacteria 0,030 0,40 57,8 0,25
Acidification (sugar)
Fermentative Bacteria 0,125 0,14 39,6 ND
Acetogenesis (fatty acids)
Acetogenic Bacteria 3,5 0,03 6,6 0,4
Methanogenesis
Autotrophic (H2) 0,5 0,07 19,6 0,004
Acetoclastic (acetate)
Methanosarcina 1,5 0,04 11,6 5,0
Methanosaete 7,0 0,02 5,0 0,3
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Biogas production and composition

The measurement of the quaility and composition of the biogas produced, in terms of methane und carbon
dioxide content is of fundamental importance to evaluate die stability of the process. When the process is
stable the amount and composition of the biogas are stable too. A decrease in biogas production
contemporary to an increase in CO, content can indicate an inhibition of the methanogenesis of the system. i.e.
because of the presence of high level of volatile fatly acids or ammonia. Therefore, the analysis of die biogas
production and composition should be performed besides the determination of VFAs and alkalinity
concenration in the medium. In fact these parameters are strictly linked one to each other, but only a global
evaluation can give an explanation of the stability of the process.

In particular three different situations can be observed:

® when the VFA concentration is low, e.g < 1000 mg COD/I, and the biogas production high, with a carbon
dioxide content around the 25-33%. the process is stable and the trophic chain is correctly balanced;

® when VFA concentration in the medium and the carbon dioxide content in biogas simultaneously increase, the

process is going to be upset and the acidifying microorganisms are prevailing on the methanogenic ones;
therefore, VFAs arc accumulating in the medium;

® When the VFAs concentration increases and the biogas production decreases inhibition or toxicity problems
can be the cause.
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Organic Acids, pH, and Alkalinity

Organic acids, pH, and alkalinity are related parameters that influence digester performance (McCarty, 1964;
WPCF, 1987).

Under conditions of overloading and the presence of inhibitors, methanogenic activity cannot remove hydrogen
and organic acids as quickly as they are produced. The result is accumulation of acids, depletion of buffer, and
depression of pH. If uncorrected via pH control and reduction in feeding, the pH will drop to levels which stop
the fermentation.

Independent of pH, extremely high volatile acid levels (>10,000 mg/1) also inhibit performance.

The major alkalis contributing to alkalinity are ammonia and bicarbonate. A normal, healthy volatile acid-to-
alkalinity ratio is 0,1. Increases to ratios of 0.5 indicate the onset of failure, and a ratio of 1.0 or greater is
associated with total failure.

The most common chemicals for pH control are lime and sodium bicarbonate. Lime produces calcium
bicarbonate up 10 the point of solubility of 1000 mg/I. Sodium bicarbonate adds directly to the bicarbonate
alkalinity without reacting with carbon dioxide.
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