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 Uneaten food and food preparation leftovers from residences, 
commercial establishments and institutional sources. 

 

 Household food wastes (HFW): meal leftovers and food 
preparation residues generated at residences . 

 

 

 
 Ideal substrate for bioconversion to various high added-value 

products via microbiological processes, due to their high content 
in  soluble Chemical Oxygen Demand (COD) and the necessary 
nutrients.  

Food Wastes 
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 Collected at municipality level twice a week from 230 houses of  the 
Municipality of  Halandri, Greece. Upon collection, HFW was 
subjected to simultaneous heat-drying at 95-98oC and shredding. 

Food Wastes used in this study 

230 
RESIDENTS 

120 L bins 

Household Food Waste 
(HFW) 
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T O  A S S E S S  T H E  P O S S I B I L I T Y  O F  V A L O R I S A T I O N  O F  T Y P I C A L  
H F W  V I A  I T S  B I O C O N V E R S I O N  T O  A )  E L E C T R I C I T Y  T H R O U G H  A  
M I C R O B I A L  F U E L  C E L L  ( M F C )  A N D  B )  M E T H A N E  P R O D U C T I O N  
T H R O U G H  A N A E R O B I C  D I G E S T I O N  ( A D )  
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MFC technologies 

A MFC is a bioreactor that converts the energy stored in chemical bonds in organic 
compounds directly into electricity through catalytic reactions of  microorganisms under 
anaerobic conditions 

Advantage  

Bio-energy production 

Waste(water) treatment 

  Provides possible opportunities for practical applications (Rabaey and Verstraete, 2005): 
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Bio-energy production 

Wastewater treatment 

  Provides possible opportunities for practical applications (Rabaey and Verstraete, 2005): 
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MFC technologies 
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The electrochemical reactions which are carried out in a MFC using e.g. glucose as fuel are : 
           Anodic reaction :    C6H12O6 + H2O   6CO2 + 24e- + 24H+ 

      Cathodic reaction:    O2 + 4e- + 4H+    2H2O 



Anaerobic digestion 
 Anaerobic digestion is one of the most important biochemical processes for biomass conversion to 

methane 

 

   CH4 and CO2 are produced from organic substrates via mixed microbial consortia under      

anaerobic conditions 

Organic substrate + H2O            CH4 + CO2 +NH3 + new cells 

Intermediate products 
(propionic  butyric ,etc) 

CH4, CO2 

  fatty acids, alcohols amino acids, sugars 

Acetic acid  Η2   ,CO2 

proteins carbohydrates lipids composite polymers 

hydrolysis 

acidogenesis 

acetogenesis 

methanogenesis 



Single chamber MFC 

Anode 
graphite 
granules 

Cathode 
GORE-TEX ® cloth 
catalyst:  MnO2 



 
 

Biogas 
measurement 

Methane content 

Headspace 

 Inoculum: Anaerobic sludge from the anaerobic 
digester of  Athens wastewater treatment plant 

 20 % (v/v)  inoculum + 2 g VS of   feedstock /L + 
trace elements 

Biochemical Methane Potential (BMP) tests 

the solid fraction 
obtained after the 

extraction 

Serum vials of  160 mL 
 

T= 35oC  
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RESULTS  
Extraction of  the HFW 
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Characteristic  Value 

Total Solids (%) 91.28±0.75 

Volatile Solids (%) 92.34±0.73 

Total Carbohydrates (g/g TS) 0.43±0.03  

Soluble Carbohydrates (g/g TS) 0.21±0.01  

Starch (g/g TS) 0.16±0.01  

Cellulose (g/g TS) 0.10±0.01  

Total Kjeldahl Nitrogen 
 (g/ 100g TS) 

1.63±0.17  

Proteins (g/100g TS) 10.17 ± 1.06  

Promising substrate for the production of  bioenergy  

Composition of HFW 
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Parameter tested values 

Solids loading (%) 5, 10, 15, 20 

Time of  extraction (min) 30, 60 

Temperature (oC) 25, 35 

 no significant differences in neither concentration nor 
yields of  COD  

 the mean yield of  COD was estimated to be 40 ± 1 %, 
indicating that the whole amount of  the soluble COD 
contained in the HFW can  be recovered even using the 
lowest temperature and extraction time and the highest 
solids loading.  

20 % wTS/v,  25 oC,  30 min 

Extraction protocol  

COD concentration 

COD recovery 

Optimization of extraction process 
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MFC operation 

Effect of  HRT (38, 30,24,18,14,9,18 h) Effect of  organic loading 

Glucose 

T= 28oC 
R=100 Ω 

Medium: Carbon source → Glucose (787 ± 39 mg 
COD/L)  
Nutrients: Na2HPO4 * 2H2O: 3.4472 g/L, NaH2PO4: 
3.668 g/L, NaHCO3: 5 g/L, KCl: 0.16 g/L+ trace 
elements 

Medium: Carbon source → HFW (639 ± 30, 1232 ± 
52 , 2130 ± 69 mg COD/ L) 
Nutrients: Na2HPO4 * 2H2O :3.4472 g/L, NaH2PO4: 
3.668 g/L, NaHCO3: 5 g/L, KCl: 0.16 g/L 
HRT: 18 h 

Treatment of  granules with  32 % HCl 
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Glucose (acclimation) 
Glucose 
 HFW 

increase by 27% 
 (1.2032 ± 0.0091 m2/g) 

BET analysis 

Vtotal = 1072 mL 
Vworking = 450 mL 
 

SEM images from a) untreated and b) treated with HCl 
graphite granules  

Extract of HFW 
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MFC acclimation 

 Few hours after glucose addition, the voltage reached to 0.2 V  
electrochemically active bacteria were contained in the inoculum 

 The COD removal efficiency  83% 
 CE 10.8%  
 Last cycle:  0.63 V and CE  22.5 % 

 Glucose (680 ± 32 mg/ L) 
 Batch mode 
 R=100 Ω 
 10% v/v inoculum of  
methanogenic sludge 
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 Glucose (787 ± 39 mg COD/L) 
 Continuous mode 
 R=100 Ω 
 HRTs: 38, 30,24,18,14,9,18 h 

EIS experiments 

HRT 
(h) 

COD  removal efficiency 
(%) 

CE (%) 

38 76,0 19,1 
30 67,5 16,3 
24 71,1 12,1 
18 68,7 12,4 
14 52,6 11,7 
9 55,7 7,6 

18 77,6 10,9 

 Lower HRTs lower COD removal efficiency  
 

 Lower HRTs lower CE (7.6 % at the HRT: 9 h) 
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Experiments with glucose 

HRT 
(h) 

CE (%) Pmax (W/ m3) Pmax  
(MJ/ kg CODin) 

38 19,1 8,6 1.50 
30 16,3 8,4 1.15 
24 12,1 10,3 1.13 
18 12,4 11,8 0.97 
14 11,7 10,2 0.65 
9 7,6 8,2 0.34 
18 10,9 8,7 0.72 

 Maximum power density 11.8 W /m3 at HRT 18h  

 The internal resistance of  the MFC is very low (20 
Ω at the HRTs: 38 and 30 h and R<10 Ω for lower 
HRTs) 

 Higher HRTs give higher overall power yields 

  Returning to an HRT of  18h, the system did not  
totally recover 
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Data obtained by polarization curves (R=0.1 -1000 kΩ)  
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RESULTS  
HFW as substrate  
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  Continuous mode 
  R=100 Ω 
  HRT: 18 h 
  Different initial substrate concentrations 

COD (mg/L) COD  removal 
efficiency (%) 

CE (%) 

639 ± 30 74.0 12.3 

1232 ± 52  71.3 7.76 

2130 ± 69  55.7 4.79 
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 Higher substrate concentrations  lower COD 
removal efficiency and lower CE 

 At the higher COD concentration: the system 
started to be kinetically limited 
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Experiments with HFW 

COD (mg/L) CE (%) Pmax  
(W/ m3) 

Energy  
(MJ /kg  
COD) 

 

639 ± 30 12.3 
7.7 0.78 

1232 ± 52  7.76 8.1 0.43 

2130 ± 69  4.79 7.7 0.23 
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 Satisfactory energy yield and power density 
 The substrate concentration did not seem to 

affect considerably Pmax 

 Lower concentration of  COD led to higher yield 
of  energy  

Data obtained by polarization curves (R=0.1 -1000 kΩ)  
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Mass transfer limitations are evident  in the Nyquist plot  
(Warburg impedance Zw   almost straight  line below  
ca. 10 Hz, inclined at 45o to the Zre axis) 

RF: Charge transfer (faradaic) resistance 

Q: Constant phase element  
(ZQ=Y0,Q

-1 (jω)-n) 

W: Warburg element  
(ZW = Υ0,W

-1 (jω)-1/2 ) 

RS: Ohmic resistance 

Glucose Food waste 

Y0,W for W (Ω-1 s0.5) 0.982 (± 1.6%) 1.575 (± 2.1%) 

RF (Ω)  1.613 (± 3.7%) 2.372  (± 1.4%) 

Υ0,W ~ 1/td
1/2 ,  

td : relaxation time 
for diffusion 

Impedance data were fitted to equivalent circuit below:  

Mass transfer limitations less pronounced for HFW  

Presenter
Presentation Notes
This slide shows impedance data obtained for the MFC under open circuit conditions and for two different substrates. The data are presented in the form of Nyquist plots , i.e. as -imaginary vs. real part of the impedance plot. For both substrates, mass transfer limitations are evident. The straight line below ca. 10 Hz inclined at  45o to the real axis implies the existence of a Warburg impedance element, associated with semi-infinite linear diffusion of the bio-electroactive species to or from the electrochemical reaction sites.
The impedance data were successfully fitted to the equivalent circuit shown in the slide, were Q denotes a constant phase element (associated in most cases with a non-ideal capacitance, but , in general, with the distributed nature of some physical property of the system) which is connected in parallel with a series combination of the Warburg impedance (mass transfer resistance) and the charge transfer resistance. Inevitably, the obtained values via fitting correspond to the entire cell, however, in view of the same cathode, their comparison for the two substrates can give useful information. For example, the values in the table denote that mass transfer limitations are less pronounced for the MFC operating with food waste  compared to that operating with glucose, while the opposite holds for charge transfer resistance. However, it has to be remembered that these data correspond to open circuit conditions and conclusions cannot be directly projected to MFC operation under current.
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Experiments with HFW 

SEM images at different heights 

mass transfer limitations  
intense biofilm formation all 
around the granules  
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Methane yield 
(L / kg TS solid 

fraction) 

Methane yield 
 (L CH4/ kg TS HFW) 

434 ± 1  330 ± 1 

 High BMP value of  the solid fraction obtained 
after extraction process 

 
 High biodegradability of  HFW 
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Methane production from the solid fraction of  
extraction process 

11979 kJ/kg  
or 

 12 MJ /kg TS of HFW 

Energy density 
(kJ/L) 

Methane: 36.4 
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Conclusions 

  Valorisation of  typical HFW was performed via its bioconversion a) to electricity through 
a MFC and b) methane through AD 

   The MFC was initially operated using a synthetic nutrient solution based on glucose and 
the effect of  the HRT (38, 30,24,18,14,9,18 h)  was investigated. 

•  Lower HRTs  lower COD removal efficiency and lower CE 
• At the HRT of   18 h: Pmax=11.8 W/m3 

 

  Optimization of  the extraction process was based on the maximum concentration of  
soluble COD of  the extract (20 % wTS/v,  25 oC,  30 min) 

   Glucose was replaced by the HFW extract the effect of  the organic loading rate was 
studied   

• Lower substrate concentrations higher COD removal efficiency and CE 
• At the higher COD concentration: the system started to be kinetically limited 
• Lower substrate concentrations  higher energy yield (0.78 MJ/kg TS HFW) 

    The solid residue from the extraction process was used for methane production via 
BMP experiments 

•  330 ± 1 L CH4 /kg TS or 12 MJ /kg TS 
 

 The combined valorization of  HFW for the production of  electricity through a MFC and 
CH4 through AD is a promising approach. 
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