Assignment 2   BioE 411/511 Solutions
1. A hybrid UASB-anaerobic filter with an effective volume of 2m3 is employed to treat food processing wastewater. The COD loading rate is 30 kg/m3-day. If the COD removal efficiency is 90%, of which 15% goes to biomass synthesis, calculate the following:
(a) The maximum methane yield would be based on all biodegradable BOD producing methane, i.e. 2 x 30 x 0.35 m3/d, corrected for temperature. Anaerobic reactors would operate at no less than 30C, so the volume would become 2 x 30 x 0.35 x 303/273 m3/d.
(b) Biogas generation rate in m3/day (biogas composition is 70% CH4, 29% CO2 and 1% H2S
The COD removal is 90% and only 85% of that goes to methane. Also allow for total 
gas production: 2 x 30 x 0.35 x 303/273 m3/d x 0.9 x 0.85/0.7 = 25.5 m3/d

(c) Total energy that could be generated from biogas in kWh
Mass methane generated = 2 x 30 x 0.35 (STP) x 0.9 x 0.8 /1.4 = 11.5 kg/d
Methane lower heating value 50.1 MJ/kg (googled), so energy possible = 11.5 x 50.1 MJ/d = 575 MJ/d = 575/ (24 x 60 x 60) x 1000 kJ/s  = 8.7 kJ/s = 6.65 kW.  

Allowing for efficiency in converting this to power: 6.65 kW x 0.4 = 2.66 kW max
(d) Biomass yield in kg VSS/kg CODremoved
The COD not converted to methane is what would be going to biomass production, i.e.
= 2 x 30 x 0.9 x 0.15  = 8.1 kg/d  This would convert to 1.42 kg biomass per kg COD converted, i.e. the biomass yield = 11.5 kg/d
(e) If the effective HRT of the reactor is maintained at 1 day, how much  COD loading could be 
applied in order to achieve the same COD removal efficiency?
This question should not have been asked as it was implied before that the retention time was 1 day before,

(f) How much biogas will be generated if the wastewater contains 1,000  mg SO4-S/L?
The available COD will be lowered by 2/3 of 1000 mg/L , or by 667 mg/L, so the remaining COD for methane production will be 30,000 – 667 mg/L.  The methane production will drop by (30 – 0.667)/30 x 25.5 m3/d = 24.9 m3/d.
2. Estimate the oxygen requirements and biomass production per day for a 50 ML/d wastewater treatment plant with a BOD of 200 mg/L.  State your assumptions.
This would require a couple of assumptions based on the course web notes on wastewater treatment.  The first principle that applies is that only part (a bit more than half) of the BOD is oxidized and the rest converted to biomass. The biomass also consumes oxygen and this needs to be added to the oxygen requirements.  

A simple yield for biomass (Y) from p. 16 notes, ranges from 0.5 to 0.7 kg/kg also depending on retention.

For the level of a quick answer, this will do, but in reality there needs to be a term to reduce this biomass, which accounts for predation and die-off, using a decay constant, kd, but this gets to be more than expected.

It should be appreciated that there is some effect of retention time on biomass production, the longer retention time, the lower biomass production will be due to decay, but more oxidation will take place.

For extended aeration the biomass production will be closer to about 0.5 kg biomass/ kg BOD removed, so, here we would have 0.5 x 50 (200-10)  = 4750 kg/d.

The assumption could be, that like in an activated sludge process, the oxygen requirements just for oxidation will amount to 0.57 x the BOD removed (could vary from 0.5 to 0.7 depending on retention time).  The biomass respiration typically amounts to b = 0.1 kg O2 / kg MLVSS. day.  The amount of respiration use thus needs an amount of biomass involved in the treatment, for which we need a biomass concentration and a volume of the treatment system.  Much design would need to go into that and the simple approach now would be to assume typical values for those, such as a biomass (MLVSS) concentration of 2 g/L and a retention time of 0.3 d, resulting in a volume of 16.7 ML, so that the total biomass would be 16.7 ML x 2 g/L = 33,300 kg.  
The total oxygen requirements would then be 

0.57 x 50 x (200 – 10)  +  0.1 x 33,330  = 5,415 + 3,333 kg/d
A much simpler approach will be acceptable, as long as it is understood and demonstrated that BOD removal does not simply equate the oxygen demand and that there are two components to the oxygen requirements. 
The purpose of this exercise was to get you acquainted to the somewhat complicated interaction between BOD removal by oxidation and biomass production.
3. Provide an example where the relative proportion or absolute population numbers of three interdependent species are affected if one of these is affected by an external factor.  An example is humans hunting down sea otters, affecting both urchins (without predators too many) and kelp damaged by too many urchins..
The importance is to have three species and show the influence of reducing numbers of one on the others. Killing plant eaters would have an effect on plant density, but that’s only two species. Killing predators might mean more plant eaters and consequently threaten plant life – that would satisfy what was asked for.
4. a)   What are the main differences of industrial significance between algae, fungi and bacteria?

Algae are autotrophic more specifically photosynths and will normally need light, affecting design. 

Fungi are larger and can grow into pellets making for easy harvesting, but need aeration. High qual protein.
Bacteria have the largest growth rate and thus require smaller reactors and most bacteria are less sensitive to air requirements.  
b) Why do activated sludge systems contain the microorganisms typically found?

Activated sludge systems are allowed to develop the type of organisms that would grow there naturally under the conditions maintained.  These conditions could be varied to exercise some selection of organisms, e.g. anaerobic, anoxic and aerobic conditions, wastewater quality, temperature or chemicals (ozone?). 
c) Describe and compare the nutritional requirements of autotrophic and heterotrophic organisms

Autotrophs make their own food from chemicals and external energy (e.g. sunlight).  

Heterotrophs require organic nutrients from other organisms.

d) Are protozoa in activated sludge desirable?  Why?

Reduce sludge mass (built-in sludge disposal).  Help increase floc density.  Indicate healthy biomass.

e) Name 3 diseases caused by 3 different types of organisms in water.

Bacteria, e.g. Cholera vibrio  - cholera; 
Protozoa, e.g.Cryptosporidium sp. – cryptosporidiosis; 
Helminths (worms) Schistosoma sp. Bilharzia

f) Why are fungi a better source of protein than bacteria?

Eucaryotic cells contain less nucleic acid and no cell walls.  More balanced amino acids.

g) Explain with diagrams or calculations why a substance such as phenol is biodegradable, but will inhibit biodegradation if the concentration exceeds certain limits.

Substrate  inhibition is why phenol becomes less biodegradable at higher concentrations.

Look at Fig 3 on this article on http://www.jstor.org/stable/pdfplus/25045336.pdf?acceptTC=true  
Same principle as I mentioned with using sugar in jellies – sugar is a substrate, but too much acts as a preservative.
h) Name two relative advantages of each over the other: 

aerobic and anaerobic digestion of excess biomass at wastewater treatment plants.

Anaerobic digestion requires no oxygen – lower operational cost – and produces methane – fuel. 

Aerobic simpler; no smells; not so temperature dependent

i) 100 bacterial cells were observed to have developed from a single one within 2h.  

How many would you expect after another hour under the same unlimited availability of nutrients?

If 1 forms 100/2h, the geometric growth factor is clearly 10x/h, i.e. after 3h the population would be 1,000

If the period was different from another hour, you’d need to find the first order growth coefficient and calculate N/N0 over a different period of time;  k  =  -4.605.

