[image: ][image: ][image: ]
ANAEROBIC DIGESTION			         Asseri Laitinen / VAMK
Solve the problem in Excel	Comment by Asseri Laitinen: By doing this excercise in Excel you can easily change the input values as feedstock type, mass, etc.

The biogas reactor uses 60 m-% of sludge and 40 m-% of biowaste as raw material.
The reactor processes 5 tonnes of biomass per day. The average density of biomass is 500 kg/m3. The organic loading rate is (OLR) 5 kg-VS/(m3·d).	Comment by Asseri Laitinen: OLR is experimentally specified value for reactors using different feedstocks. You can calculate the reactor volume with OLR:
Volume = mass of volatile solids per day / OLR
Calculate the following:
(a) Reactor volume	Comment by Asseri Laitinen: Teacher can teach the students to calculate the reactor volume without any given equations. Instead ask them to watch the units:

When you have first calculated the ingoing amount of VS (volatile solids) you have a value of XX kgVS/d. You also know the given OLR XX kgVS/(m3*d). 

By which operation (addition, subtraction, multiplication, division) you get out the reactor volume (m3)?
You can’t summarize or reduce because the units are not the same.

By multiplying you get: kgVS/d * kgVS/(m3*d) = kgVS2/(m3*d2)
By dividing OLR with the ingoing mass-VS you get: kgVS/(m3*d) / kgVS/d = 1/m3

By dividing the ingoing mass-VS with OLR you get: kgVS/d / kgVS/(m3*d) = 1/1/m3 = m3 , which is the correct answer
(b) Retention time	Comment by Asseri Laitinen: When talking about a continuous biogas reactor, the retention time (days) (how long the ingoing feedstock stays in the reactor) can be calculated with the daily feed (by volume) and reactor volume.
Now again, teacher can teach this with unit inspection.
Ingoing biomass XX m3/d
Reactor volume XX m3
By which operation you get out d?
(c) Methane yield per year
(d) How many kilometres could be driven by a biogas car if all biogas were refined for transport? (For the purposes of this question - assume that a typical biogas car consumes approx’ 4 kg/100km)
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Volatile solid contents and methane potentials of different feedstocks (Alakangas, E., 2016: Suomessa kaytettavien polttoaineiden ominaisuuksia)

Total solids, | Volatile solids, | VS/Ts- | Vs/total | MCH, m-CHa.
FEEDSTOCK TS% st ratio | mass(kg/t) | /kgVS | /tbiomass
WW sludge 5 3 6 0 150 5
Cow manure 65 53 (3 5 15 L]
Biowaste 0 % 1 280 550 116
Grass 0 279 L 219 400 112
Sugar beet 2 179 89 179 29 4
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