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“It is estimated that by 2040, global water demand could increase by more
than 50%, putting additional stress on the vital resource” UN News, 2021

Circular Economy  “DISPOSAL” to 
“REUSE” and “Resource recovery”

Recognize ‘true value’ of water, UN urges, marking World Day | | UN News

Water and Sanitation – United Nations Sustainable Development We must start to truly value water - Prof. Bob Ferrier | The Scotsman 2

RESEARCH CONTENT

“It’s time to change our Relationship with water” 

Pr Bob Ferrier, CREW, 2021
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RESEARCH CONTENT

Anaerobic vs. Aerobic Wastewater Treatment Systems: What's the Difference? (samcotech.com)
Anijiofor et al. (2017). Aerobic and anaerobic sewage biodegradable processes. The gap analysis. 

Aerobic Treatment Process Anaerobic Treatment Process

High effluent (~10 – 20 kg COD) Low effluent (~10 – 12 kg COD)

High sludge (~30 - 60 Kg)

Valuable chemicals
Energy (biogas)

Heat loss

Low sludge (~5 Kg)

Aeration

Figure 1: Aerobic digestion vs. anaerobic digestion treatment processes.
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EXPERIMENTAL APPROACH

Anaer-R: Anaerobic reactor,

Alg-R: Algal reactor,

Aer-R: Aerobic reactor,

Pur-: Purification,

OFMSW: Organic fraction of
municipal solid waste,

S-: Sludge,

SCOA-sep: Short chain organic acid
separation, Meth-: Methanol, VFAs:
volatile fatty acids.

Figure 2: Scheme of the proposed process for the combined treatment of municipal wastewaters and organic
fraction of municipal solid waste.
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OBJECTIVES

• Analyze existing literature to investigate the effect of operating parameters on H2

yield in AD processes, and develop a new statistical analysis of the data

• Investigate the co-digestion of municipal wastewaters and organic waste to 
maximize the production of valuable chemicals

• Investigate the effect of the digestate on soil and the nutrients’ (inorganic) 
availability, using microbial biosensors

• Investigate and improve H2 and CH4 production from municipal wastewaters, in 
two-stages process
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DATA ANALYSIS
• 63 articles – 353 experiments collected to study the effect of pH, temperature, substrate concentration 

(tCOD), experimental length and hydraulic retention time (HRT) on H2 yields.

Figure 3: a. The effect of substrate concentration (TCOD)
on H2 yields.

b. The effect of pH on H2 yields.
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DATA ANALYSIS

Figure 4: a. The effect of temperature on H2 yields. b. The effect of HRT on H2 yields.
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DATA ANALYSIS

• Multi-linear regression

Yield = 6.93 + 1.4 × pHa – 1.05 × pHn - 1.39 × pHb + 1.2 × SS – 1.2  × SNS) HRT

• pHa: acidic pH - pHn: neutral pH - pHb: alkaline pH – tCOD: substrate 
concentration - TY: substrate pre-treatment TN: no substrate pre-treatment - HRT: 
hydraulic retention time

• Normality (p > 0.05), Anderson-Darling test

• Non-parametric analysis
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EXPERIMENTAL METHODOLOGY
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1: Magnetic stirrer
2: Batch bioreactor
3: CO2 trap
4: H2 gas sensor
5: CH4 gas sensor
6: Laptop (Blue VIS 
Benchwork software for gas 
sensor’s monitoring)
7: Milli gas counter
8: Sampling point

Figure 5: Experimental set-up for the monitoring of biogas production (H2 and CH4) during anaerobic 
digestion of wastewaters. 
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EXPERIMENTAL RESULTS

Figure 6: a. Evaluation of the microbial growth
(volatile soluble solids VSS) and soluble COD removal.

• (A): Reactor and milli gas counter • (B) CO2 trap added

• 2 g l-1 glucose • minerals and trace elements • 3% inoculum • pHi A(7.9) – B(8.4) • room temperature (20 °C) 

• 14 days

b. Evidence of gas production
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CONCLUSION AND FUTURE WORK

Evidence of glucose removal Evidence of gas production Evidence of SCOAs production

Evaluate the effect of different 
operating parameters 

Identify the gas composition 
and flow rate (sensors)

On-going identification of 
SCOAs and metabolic pathways

On-going microbial genomic 
analysis and profiling
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Water Safe for 
EVERYONE

Thank you for 
listening. 

Q&A session.
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