oSl A el AL Jolia A Banaial) Al <l AU LY A g ySaal) Ay gaad) 4583 o) adicd
Mae)
A i G ) e
il )
i ) iyl Al laaa A& L0

&Ll i ) HAY taaa mlla Lo
- AE S|

DA e ¢ Al Gl 5 aliadl ) JSUie ¢ Apalladl Z8UAY A 3Y Jgla i Lan 4085 5 Saall 08 0 A1
o) Lebsad s Lgie A8y ja 5 Al cldlaall A 4 guiandl Ol slall a3 e Uy Sl o) il Glany 308 SOl
O sadn (30 (3 5Sa ¢ o5 St 3585 Al Jelie eliy Ayl a3 Cibagiul s Seadl 35850 13 Jelia b el y6S
Al 350 e A3 Sa ¢ Aale s ylaiB e 5 ¢ 3 piie Lua YA A gliey A ye 4l 5eS 33 A (e Legeimny (sl
e algie (b S dea el OIS G Jelial) & 2l 5ol 28Ul £ LY 45t Cu el 36l e 5 all Aaid
Ll eda & ¢ (Pa/klske 2680,01) 2o/l ske 409,16 Al S WSy <l gile 401 ¢ asl 30 s daslia
Critall (33 ) i 5 IV it dom A dagas 5 <l JinaS Jand ol 30 S il i 23 716,17 p )5S0 86 iS il
Gl Adases o1 3 jiaal) Balall cilS Lodie il aga (aaall O i ¢ (amali sl ailas a5 Jalaidd) eI
Lpadll e agall (8 Gt Ay ¢ G/l 5W7797,60) 2o/h ke 1190,47 4 S A8 < la684 (pliiall
3872,06) 2o/l 5591, 15 Al 568 &GS, <l il 482 ¢l Jams dalaiall jaa¥) Alls 85 ¢ 770,57 duls)
2o/l ske 697,60 Al seS AU ¢ il sile 523,6 el gl ailan (guaa die Jaall 3¢l IS Laiws ¢ G/l se
Gu)) Al Mgl e ¢ 7 13,64 518,72 ¢ 19,74 A&kl (laill o 1 U 30 US (Po/kl sle 4569,28)
IS Gl iy al il gall Ba0me Colaill Shaa ) Ganill e Jal e GO 4800 G jlaill 8 adulad o3 cpliall
il (pays — S ananal L aadiad sV s pall ¢ Jelaall Adaiall Cagylall o 0l das ol <l sSa (g
3 KCI ¢ JsSslall of il um ¢ L yeSl) sl 2l e (580 IS 5iliy ¢ 10 Jausl) i S diaal
A il 5 Wl Asadll Gagall Vil e ¢ 7 44 — 551 ¢ 84 oy il Aaal ol sall ST il NaHCO;
Coelal G ¢ sl Ay ad B cide e — SO menal e Lgale Jeaniall (1330 Ja sl (ge ABQ )
avana L w2l Al Aa ) cpndl) U8 alu) 50380 Tassl) ce 75,30l il agall i saly )y bl
CilS Cua ¢ e — SOl mrenal o Aaill) dueal Y EOEN Jol gall @l S 5 el (pSi — S g
O Al dapall Gl vie | 5i/an0,8 KCI 5 sil/an0,2 NaHCO; ¢ sil/an8,5 )sSslall da jinall <l 38 il
78,0 Jamay ilill dgall 8 Cpanill IS ¢ LaSl Ay jad 8 (pSin — (S 0 el (e Lo Jeaniall 4513300 45l
a g dall alayy S Ll Lﬁjs)d\ M\Lﬁée&u\ Q_ﬂ\ o AN As gl sl e QQJ\M\LMJJ\CALJMQ
QUJSAJ':\SJSJ‘FQHJ;*@J\ es)l\ ¢ 3 all da j) dlacatal g ¢ Lﬁjjs,}d\ a8 60 A Jelaad Tiall Aulieiill
AL BEAY) ae ¢ 232 ) Bolall da )y i) dliadl i) ekl ¢ (KCL s el ) daldl 3kl
Ja100/p32,9 KCI 5 J2100/p38,0 Jta¥) 5583l dalall 3 plaidll <l 5 <l 58 55 a5 7,0 e s 5 o2el
2Ll agall ol ¢ Basl A jas 4 Sl oS el araadll e Lo Jianiall Bl Cog plal) ciagds Lavie
La A Laglie vie dgal) b Gua ¢ (1 8la684) Gawad gl Ji bl Loadll ae AL 725,91 Jaxa
&b s sall (g gmall gl Aallaad Al oda (B g pSaal) 2685l s 4 crandia) < 6l861,27 5130
¢ alad Ol el Cum gl i 8 Al 5eS) Al L) g bl e auall Gopeall Akl cilila)
30 S A8 2 5i 5 Aplall il Aallaal o JSs a5 Saall 338 51 Ala Jelia 35 alaindy S 53!
e« 39 yalidil Jaay sf ¢ Lil/aala2885,91 ) sil/aaled 731 (e COD (mléai) ) geiliil) e Uil a8 ¢
Gl Ala) aa (Y1 Ay 2l Gyl JalS ciila Al Ay el bl 5l 18,39 by el e )8 ol A 3
2 58335,20 ol eS¢ /57 Jaa COD A ) Al ColS um ¢ o A Jasa s éaaS Guliil)
& « COD (e 761 A1) 4ie i Lan Al a8 Liliaa) daall il JalS Galaty g af 28I 44yl

< 51578,63 ¢ 53



Using of microbial biotechnology for renewable electrical energy production in a
microbial fuel cell reactor

By
Abdullah Nasser Zuher Al-Shehri

Supervised By:

Prof. Khaled M. Ghanem Advisor
Prof. Saleh M. Al-Garni Co - Advisor
Abstract

Microbial fuel cell (MFC) is considered to be a recent and promising technology, which presents
potential solutions for the global energy crisis, climate change problems and environmental pollution, via
utilizing of some bacteria to breakdown the organic pollutants in the wastewater and releasing energy, which
will be converted to electricity in the MFC reactor. This study aimed to construct costless MFC reactor with
high efficiency. It consists of two compartments connected to each other through electrical circuit via
variable external resistance, as well as they connected to each other by salt bridge. An experiment for
electrical power production was carried out, where maximum voltage yield at the external resistance 30Q
was 401mV, power density 409.16mW/m? (2680.01mW/m?3), and the coulombic efficiency of 16.17%.
Three mediators for electron shuttling were evaluated (methylene blue, neutral red and potassium
ferricyanide). Methylene blue gave the maximum voltage yield of 684mV, power density 1190.47mW/m?
(7797.60mW/m®). This improved the rate of voltage yield by 70.57% from the basal experiment. On the
other hand, neutral red voltage recorded 482mV, power density 591.15mW/m? (3872.06mW/m?), Whereas,
potassium ferricyanide recorded maximum voltage of 523.6mV, power density of 697.60mW/m?
(4569.28mW/m°). The coulombic efficiency for previous experiments was 19.74, 18.72 and 13.64%,
respectively. From these results it was clear that the methylene blue is the best tested mediator to apply in
the next experiments. A three — phases of statistical optimization for multi — factors experiments were
applied, for optimizing both, medium's constitutes and the reactor operational conditions. In the first phase
Plackett — Burman design was applied for the evaluation of medium's components significantly, and to
evaluate the effect of each component on the voltage generation. It has been obvious that glucose, KCI and
NaHCO3; were the most major significant factors, with main effect: 84, 51 and — 44%, respectively. When
the optimized new formula of medium obtained from Plackett — Burman design, was applied in the
confirmatory experiment, it has been revealed the increasing voltage yield by 5.30% compared to the basal
medium. In the second phase, the three significant factors obtained from the previous design, was further
optimized by Box — Behnken design, where new formula [g/l (glucose 8.5, NaHCO3 0.2 and KCI 0.8)] was
operated in a confirmatory experiment. It achieved 8.0% increase in yield after optimization compared to
basal medium. The third approach was to optimize MFC reactor's operation conditions, including:
temperature, initial anodic compartmental pH and salt bridge's components concentrations (Agar and KCI).
Application of central composite design, which achieved 25.91% optimization in voltage yield comparing to
the basal conditions at the basal medium, and it was performed when the temperature shifted to 32°C, pH
maintained at 7.0 and the salt bridge concentration of components was modified to Agar 8.0g/100ml and
KCI 2.9g/100ml. The recorded voltage at the external resistance of 30Q2 was 861.27mV. MFC technology
was used in this work to remediate the organic pollutants in sewage wastewater and electricity production
simultaneously. Three experiments have been conducted, in the first MFC reactor was used directly, the
results showed reducing in chemical oxygen demand (COD) from 4731mg/l to 2885.91mg/l, by the removal
average of 39%, and voltage yield was 218.39mV. In the second experiment, when methylene blue was
used as a mediator, as well as the whole previous experimental conditions, removal of COD was 57% with
voltage yield 335.20mV. In the final experiment the whole statistically optimized results obtained from the
previous experiments were all applied here and the results indicated removal of COD was 61% with voltage
yield 578.63mV.



