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Objective: sustainable wastewater treatment 

• Simple and robust (extreme conditions), relying solely 
on local staff for operation and management. 

• Meet or exceed Environment Canada effluent quality 
standards (BOD5≤25 mg/L; SS ≤25 mg/L). 

• Energy-efficient. 

• Low upfront investment and low-cost operation. 
 



Microbial Electrochemical Technology 

Concept: low voltage (0.5 - 1.5 V) is applied to enable 
electron transfer (enhance biodegradation) 

 Anode reaction (bacteria): Organic materials + water → CO2 + n e- + n H+ 

Cathode reactions: 8H+ + 8e- → 4H2 ; CO2 + 4H2 → CH4 + 2H2O 

e- effluent 

 H2 is readily transformed to methane by methanogens 



Basic reactor configuration 

sewage 

Treated effluent 

 Reactor design similar to septic tank (simple). 

   Power  
      +    - 

     Power  
      +   - 

 Porous conductive electrodes. 
 Low voltage power supply used to enhance anaerobic 

degradation of sewage. 



2015: Laboratory setup  

• 20 L reactor. 
• Synthetic and municipal sewage. 
• Tests at different temperatures (23oC, 15oC, 5oC). 



COD/BOD5 removal and energy balance 

BeAST performance: 
• Influent BOD5 : 350 mg/L; 
• Effluent BOD5 : 7-15 mg/L (96-97% removal); 
• Suspended solids: 20-40 mg/L; 
• Colony forming units (CFU): two log reduction;  
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2016: Pilot test at MWWTP (Ste Catherine, QC) 

 Test period: April to August, 2016. 

 50 L reactor (40 L fluid volume). 

 Raw sewage characterization (after primary 
grit removal): 

Total COD: 300 - 530 mg/L 
BOD5 : 100-250 mg/L 
Suspended solids: 300-330 mg/L  

 Single pair of electrodes (anode & cathode). 

 Inflow rate varied to examine performance at 
different HRTs (17, 3.1, 2.8, 1.3 and 1.6 days). 

 tCOD, sCOD, BOD5, TSS and fecal coliforms 
monitored. 
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BOD5 and fecal coliform removal 
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Mean 
Influent 

Mean 
Effluent 

% 
removal 

17.4 167 2.0 98.8% 

3.1 145 5.3 96.3% 

2.8 137 5.0 96.4% 

1.3 190 48.0 74.7% 

1.6 211 6.0 97.2% 
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Fecal coliforms reduction  Over 95% BOD removal. 

 HRT of 1.7 - 2 days. 

 2-3 log reduction in fecal coliforms.  



2017: 2nd pilot test at Ste Catherine, QC 

 Test period: February to August, 2017. 

 240 L reactor (200 L fluid volume).  

 Influent BOD5 : 70-170 mg/L  
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 Power consumption: 0.14 W 

     (0.4 kWh/kg-BOD) 

 Biomethane production (estimated) ~ 4.5-5 L/day (~2Wh/kg-BOD). 



Scale-up trial: Residential system at Lifewater 
(Fairbanks, Alaska) 

10 

~2800L 

 Influent CODs: 700 mg/L and higher (high strength wastewater). 

 Tests in 40 L (mini-reactor) started in January 2017  

 HRT of 5 to 6 days required. 

 Mini-reactor effluent CODs: 30-50 mg/L (BOD5 below 15 mg/L) since ~ June. 

 Initial design of 3m3 tank requires some modifications (work in progress). 



Mini-reactor at Fairbanks, Alaska 
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~2800L 
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Pilot test, with Elkan Environmental Eng. & Remote Waste 
Grande-Prairie, Alberta 
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~2800L 

 240 L reactor  
 Started September 2017  
 Followed by scale-up 3000 L reactor 

(December, 2017) 
 Possible solution for a community of 

200 people 
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Concluding remarks 
The BeAST demonstrated high effluent quality (likely to 

exceed Environment Canada standards). 
Proven net energy (bio-methane) gain. 
Simple design, could be used in conjunction with lagoon 

treatment. 
Fully scalable: from single-dwelling unit to community 

level (energy production).  
Next steps: 
 Explore various materials for cost-effective construction 

of electrodes. 
 Pilot test in Cambridge Bay (CHARS).   
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