
 المستخلص

يٍ خلال , يشبكم انزغٍز انًُبخً ٔ انزهٕس انجٍئً , ضخ رمذو حهٕل لأسيخ انؽبلخ انؼبنًٍخ خهٍخ انٕلٕد انًٍكزٔثً رمٍُخ حذٌ

اسزغلال لذرح ثؼط إَٔاع انجكزٍزٌب ػهى ركسٍز انًهٕصبد انؼعٌٕخ فً انًخهفبد انًبئٍخ ٔرحزٌز انؽبلخ يُٓب ٔرحٌٕهٓب إنى 

يكٌٕ يٍ يمصٕررٍٍ , ُبء يفبػم خهٍخ ٔلٕد يٍكزٔثً اسزٓذفذ ْذِ انذراسخ ث. كٓزثبء فً يفبػم خهٍخ انٕلٕد انًٍكزٔثً

يكَٕخ يٍ يٕاد أٔنٍخ , ٔػجز لُؽزح يهحٍخ , ٌزصلاٌ ثجؼعًٓب يٍ خلال دائزح كٓزثبئٍخ يزرجؽخ ثًمبٔيخ خبرعٍخ يزغٍزح 

يزٕنذ ػُذ أعزٌذ رغزثخ لإَزبط انؽبلخ انكٓزثبئٍخ فً انًفبػم حٍش كبٌ أػهى عٓذ كٓزثبئً . رخٍصخ انضًٍ ٔػبنٍخ انكفبءح

و/يهٕاغ 409916يهفٕنذ ثكضبفخ كٓزثبئٍخ  401, أٔو  30يمبٔيخ خبرعٍخ 
2

و/يهٕاغ 2680901) 
3

فً ْذِ انزغزثخ , (  

أسرق انًضٍهٍٍ ) رى رمٍٍى رأصٍز صلاس يٕاد رؼًم كًحفشاد ٔسٍؽخ خبرعٍخ نُمم الانكززَٔبد . ٪16917كبَذ كفبءح انكٕنٕو 

حٍش أٌ ألصى عٓذ َبرظ ػُذيب كبَذ انًبدح انًحفشح انٕسٍؽخ أسرق , ( انجٕربسٍٕو الأحًز انًزؼبدل ٔ حذٌذي سٍبٍَذ, 

و/يهٕاغ 1190947يهفٕنذ ثكضبفخ كٓزثبئٍخ 684انًضٍهٍٍ 
2

و/يهٕاغ7797960) 
3

ثُسجخ رحسٍ فً انغٓذ ػٍ انزغزثخ , ( 

و/يهٕاغ591915خ يهفٕنذ ثكضبفخ كٓزثبئٍ 482ٔفً حبنخ الأحًز انًزؼبدل سغم انغٓذ ,  ٪70957الأسبسٍخ 
2

 (3872906 

و/يهٕاغ
3

و/يهٕاغ 697960ثكضبفخ كٓزثبئٍخ , يهفٕنذ  52396ثًٍُب كبٌ انغٓذ انًسغم ػُذ حذٌذي سٍبٍَذ انجٕربسٍٕو , ( 
2
 

و/يهٕاغ 4569928)
3

لأفعهٍخ اسرق . ػهى انزٕانً,  ٪ 13964ٔ  18972,  19974كفبءح انكٕنٕو نهزغبرة انسبثمخ (. 

صلاس يزاحم يٍ انزحسٍٍ الإحصبئً نهزغبرة يزؼذدح انؼٕايم أعزٌذ نزحسٍٍ كم . فً انزغبرة أنلاحمخ انًضٍهٍٍ رى رؽجٍمّ

ثزيٍ نزمٍٍى  –انًزحهخ الأٔنى اسزخذو فٍٓب رصًٍى ثلاكٍذ , يٍ يكَٕبد انٕسػ انغذائً ٔ انظزٔف انزشغٍهٍخ نهًفبػم 

ٔ  KCl, حٍش ارعح أٌ انغهٕكٕس , ذ انكٓزثبئً ٔرأصٍز كم يكٌٕ ػهى إَزبط انغٓ, أًٍْخ يكَٕبد انٕسػ انغذائً 

NaHCO3  ًانصٍغخ انًحسُخ أٔنٍب ٔ انمزٌجخ . ػهى انزٕانً,  ٪ 44 –ٔ  51,  84كبَذ أكضز انؼٕايم أًٍْخ ثزأصٍز رئٍس

حٍش أظٓزد , ثزيٍ  ؼجمذ فً رغزثخ رأكٍذٌخ  –إنى انًضبنٍخ يٍ انٕسػ انغذائً انًزحصم ػهٍٓب يٍ رصًٍى ثلاكٍذ 

انًزحهخ انضبٍَخ اسزخذو فٍٓب رصًٍى . ػٍ انٕسػ انغذائً الأسبسً لجم انزحسٍٍ ٪5930انُزبئظ سٌبدح فً انغٓذ انُبرظ ثًمذار 

حٍش كبَذ , ثزيٍ  –ثٍُكٍٍ نزحسٍٍ رزكٍشاد انؼٕايم انضلاس الأكضز أًٍْخ انُبرغخ يٍ رصًٍى ثلاكٍذ  –ثٕكس 

ػُذ رؽجٍك انصٍغخ انُٓبئٍخ يٍ . نزز/عىKCl 098نزز ٔ /عىNaHCO3 092, نزز /عى895نززكٍشاد انًمززحخ نهغهٕكٕس ا

 ٪890كبٌ انزحسٍ فً انغٓذ انُبرظ ثًؼذل , ثٍُكٍٍ فً رغزثخ رأكٍذٌخ  –انجٍئخ انغذائٍخ انًزحصم ػهٍٓب يٍ رصًٍى ثٕكس 

هخ انضبنضخ ٔ انزً اسزخذو فٍٓب انزصًٍى انًزكشي انًزكت لإٌغبد انظزٔف انًزح. ثبنًمبرَخ يغ انٕسػ انغذائً غٍز انًحسٍ

انزلى انٍٓذرٔعًٍُ ٔ رزكٍش يكَٕبد , ٔانًزعًُخ درعخ انحزارح , انزشغٍهٍخ انًضهى نًفبػم خهٍخ انٕلٕد انًٍكزٔثً 

يغ الاحزفبؾ ثبنزلى ,  و32أظٓزد انُزبئظ أفعهٍخ سٌبدح درعخ انحزارح إنى , (  KClالأعبر ٔ ) انمُؽزح انًهحٍخ 

. يم100/عىKCl 299يم ٔ 100/عى890ٔرؼذٌم رزكٍشاد يكَٕبد انمُؽزح انًهحٍخ نزكٌٕ الأعبر  790انٍٓذرٔعًٍُ ػُذ 

اسداد انغٓذ انُبرظ , ػُذيب ؼجمذ انظزٔف انًضهى انًزحصم ػهٍٓب يٍ انزصًٍى انًزكشي انًزكت فً رغزثخ رأكٍذٌخ 

حٍش ثهغ انغٓذ ػُذ يمبٔيخ خبرعٍخ , ( يهفٕنذ684)غزثخ الأسبسٍخ لجم أي رحسٍٍ ثبنًمبرَخ يغ انز ٪25991ثًؼذل 

اسزخذيذ رمٍُخ خهٍخ انٕلٕد انًٍكزٔثً فً ْذِ انزسبنخ نًؼبنغخ انزهٕس انؼعٕي انًٕعٕد فً . يهفٕنذ861927أٔو 30

, حٍش أعزٌذ صلاس رغبرة ,  انًخهفبد انًبئٍخ نهصزف انصحً غٍز انًؼبنظ ٔ إَزبط انؽبلخ انكٓزثبئٍخ فً َفس انٕلذ

الأٔنى كبَذ ثبسزخذاو رمٍُخ يفبػم خهٍخ انٕلٕد انًٍكزٔثً ثشكم يجبشز نًؼبنغخ انًخهفبد انًبئٍخ ٔرٕنٍذ انؽبلخ انكٓزثبئٍخ 

يغ ,  ٪39أي ثًؼذل اَخفبض , نزز /يهغى2885991نزز إنى /يهغى4731يٍ  CODٔلذ أشبرد انُزبئظ إنى اَخفبض , 

فً انزغزثخ انضبٍَخ ؼجمذ كبيم ظزٔف انزغزثخ الأٔنى يغ إظبفخ أسرق . يهفٕنذ218939ٍ انغٓذ ثهغ رٕنٍذ ألصى لذر ي

. يهفٕنذ335920يغ عٓذ كٓزثبئً ثهغ ,  ٪57ثًؼذل  CODحٍش كبَذ انُزٍغخ إسانخ , انًضٍهٍٍ كًحفش ٔسٍػ خبرعً 

يغ ,  CODيٍ  ٪61سبثمخ يًب َزظ ػُّ إسانخ انزغزثخ انضبنضخ أعزٌذ ثزؽجٍك كبيم انُزبئظ انًحسُخ إحصبئٍب فً رغبرة 

 .يهفٕنذ578963رٕنٍذ عٓذ 



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 30Ω 

was 401mV, power density 409.16mW/m
2
 (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
2
 

(7797.60mW/m
3
). 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
2
 (3872.06mW/m

3
), Whereas, 

potassium ferricyanide recorded maximum voltage of 523.6mV, power density of 697.60mW/m
2
 

(4569.28mW/m
3
). 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, KCl 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 KCl 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 KCl). 

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
o
C, pH 

maintained  at 7.0 and the salt bridge concentration of components was modified to Agar 8.0g/100ml and 

KCl 2.9g/100ml. The recorded voltage at the external resistance of 30Ω 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. 
 


