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HYPERTHERMOPHILIC BIOHYDROGEN PRODUCTION USING T. MARITIMA
AND MICROBIAL ELECTROLYSIS CELLS

The increasing need for energy and the increasingly significant environmental impacts of fossil
fuels necessitate the development of more sustainable, clean and renewable energy alternatives.
Biohydrogen production via dark fermentation (DF) has become an important alternative in recent
years due to its high energy density and waste treatment capability.

Thermotoga maritima is an hyperthermophilic bacteria that is able to produce high yield of
hydrogen from complex waste. To ensure biohydrogen production is feasable, agro-industrial
wastes such as chicken manure and wheat straw is selected. At concentrations of 10 g VS/L for
chicken manure and 25 g VS/L for wheat straw, hydrogen yields were found to be 50.13 + 5.1 mL
H2/g VSsolubilized and 36.64 + 3.3 mL H./g VSsolubilized, respectively.

Elevated temperatures ( >800C) allows faster hydrolysis rate of complex organics and reduce the
risk of contamination by hydrogen consuming microorganisims. However, the fermentation
efficiency of T. maritima culture is limited due to its low cell density. To overcome this, biofilm
formation on conductive matterial surfaces has been successfully established within three fed-
batch cycles, resulting in a 11-45% increase in hydrogen production.

The DF effluent is rich in acetate and can be further utilized for biohydrogen production through
microbial electrolysis cells (MECs).

Hyperthermophilic exoelectrogenic archaea, Geoglous acetivorans is studied to utilize DF effluent
in single chamber MECs producing average current density of 1.16 + 0.57 A/m2. Since both
organisms thrive under similar conditions, we aim to establish a symbiotic relationship in specially
designed jacketed electro-fermentation reactors capable of performing both DF and electro-
fermentation simultaneously.
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T. MARITIMA VE MiKROBIYAL ELEKTROLIZ HUCRELERI KULLANILARAK
HIPERTERMOFILiIK BIYOHIDROJEN URETIMI

Artan enerji ihtiyaci ve fosil yakitlarin giderek artan ¢evresel etkileri, daha siirdiiriilebilir, temiz
ve yenilenebilir enerji alternatiflerinin gelistirilmesini gerektirmektedir. Karanlik fermantasyon
(KF) yoluyla biyohidrojen tretimi, ytksek enerji yogunlugu ve atik aritma kabiliyeti nedeniyle
son yillarda 6nemli bir alternatif haline gelmistir.

Thermotoga maritima, kompleks atiklardan yiiksek verimle hidrojen tiretebilen hipertermofilik bir
bakteridir. Biyohidrojen retiminin strddrtlebilir olmasini saglamak i¢in tavuk giibresi ve bugday
samani gibi tarimsal-endiistriyel atiklar se¢ilmistir. Tavuk gilibresi i¢in 10 g UKM/L ve bugday
samant i¢in 25 g UKM/L konsantrasyonlarinda, hidrojen verimleri sirasiyla 50,13 + 5,1 mL H./g
UKMsolubilize ve 36,64 + 3,3 mL H>/g UKMsolubilize olarak bulunmustur.

Yiiksek sicakliklar (>800C) kompleks organiklerin daha hizl1 hidrolizini saglar ve hidrojen tiiketen
mikroorganizmalar tarafindan kontaminasyon riskini azaltir. Ancak, T. maritima kiltiiriiniin
fermantasyon verimliligi diisiik hiicre yogunlugu nedeniyle sinirlidir. Bunun iistesinden gelmek
icin, iletken madde ylizeylerinde biyofilm olusumu {i¢ fed-batch dongiisii sonu basariyla kurulmus
ve hidrojen Uretiminde %11-45 artig saglanmistir.

KF ¢ikigi asetat bakimindan zengindir ve bu asetat mikrobiyal elektroliz hiicreleri (MEH'ler)
araciligtyla biyohidrojen iiretimi i¢in kullanilabilir. Hipertermofilik ekzoelektrojenik arke,
Geoglous acetivorans, KF ¢ikisini ortalama 1,16 £ 0,57 A/m2 akim yogunlugu iireten tek odacikli
MEC'lerde kullanabilmistir. Her iki organizma da benzer kosullar altinda gelistiginden, hem KF
hem de elektro-fermantasyonu ayn1 anda gergeklestirebilen 6zel olarak tasarlanmis ceketli elektro-
fermantasyon reaktdrlerinde simbiyotik bir iliski kurmay1 amacliyoruz.
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