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Lecture — 43
Design and analysis of activated sludge process — 11

Welcome back, to my course Aspects of Biochemical Engineering. Now, in the last
lecture 1 was discussing about the activated sludge process. How activated sludge
process basically it is the CSTR with cell mass recycling. An activated sludge process is
mostly used for the wastewater treatment process and I described in the last class that
that industrial more than 70 percent of wastewater treatment process that is controlled by
the biological means and there is a survey made by central pollution control board in
India and they observed that mostly the chemical and biochemical industry that we have

in India that posed the that water pollution problem

So, you know that now if you look at the chemical and biochemical industry the
wastewater mostly contained the organic material the soluble organic material and this
soluble organic material when we discharge in the watercourses the whatever bacteria is
there they will grow and multiply and contaminate the water and not only that the secret

different metabolites that causes some toxic effect in the water.

So, to safeguard this process we shall have to do the wastewater treatment process and
most of the chemical and biochemical industry they adopt this activated sludge process.
Now, if you look at; why this biological process is mostly used for waste water treatment
process the reason is that if you want to oxidize chemically we shall have to use the
potassium dichromate, potassium permanganate and you have to you have to boil with
some time. So, that you know whatever organic, inorganic material is there, that will be

totally oxidized.

But, but when you do so, that wastewater also in other way increases the heavy metal
contamination. As for example, if you treat with potassium dichromate solution the
chromium concentration of the water that increases, if treat did with potassium
permanganate the manganese ion concentration in the water that increases. So, metal ion

heavy metal ion contamination this is another problem that will be will be facing.



So, to safeguard this situation biological process has a some kind of alternative. The
reason is that your bacteria can utilize the soluble organism very easily and convert it
into the cell mass and then I tried to discuss with respect to carbon balance if you do the
carbon balance of the system we find that 50 percent of the carbon usually goes for the
cell mass formation and 50 percent to carbon dioxide. Now, carbon dioxide that will go
into ahead, but whatever that cell mass 50 percent of carbon converted into cell mass and
which is insoluble mass and we can easily separate it out. So, we can we can separate out

is easily.

And, I try to discuss that one key organism that is mostly used for activated sludge
process is the joglier imigera because they secrete the polysaccharide gel and we know
that the size of the bacterial cells is very small. It is 0.5 to 2 microns and since the size is
very small it is very difficult to separate out because and since this joglier imigera has the
characteristics of secreting the polysaccharide gel they have the agglomeration property

the particle they will binds with each other and from the flock that is the bigger particles.

When it from the bigger particle they will precipitate it out and the so, you know that
activated sludge process we basic as I told you it is basically CSTR which cell mass
recycling and if you look at in this process because I try to discuss previously also the
major drawback of the chemo stat at process or CSTR process is the cell mass wasting
from the reactor and if your rate of cell mass that is going out of the reactor is more as
compared to the cell mass growing in the reactor. So, a time will come there should be no
cell present in the reactor if then there is no cell present in the reactor so, we will not get

any kind of reaction.

To avoid this kind of situation what we can do, the whatever excess amount of cell mass
that is going out of the reactor we can recycle back to the system. So, the cell mass
concentration in the reactor will be uniform and rate of reaction with the constant. So,
power process we can operate very easily. So, this is the activated sludge process I tried
to discuss and we develop kind of equation through which we can find out the cell mass
concentration in the activated sludge process also the volume of the reactor how you can

calculate.

Now, when you do the recycling of the cells I told you the main purpose is to increase

the mean cell residence time. In case of chemo stat process the mean cell residence times



is equal to hydraulic retention time. The as soon as you recycle the cells the mean cell
residence time should be higher as compared to that hydraulic retention time. So, there
again we try to discuss the effectiveness how the sludge settling property can be

expressed with the help of sludge volume index.

And, now, today I want to discuss, two numerical problems on this particular activated
sludge process and first problem we will discuss the process design and this process
design we can not only we know that most of the biochemical processes there aerobic,
aerobic fermentation process. An aerobic fermentation process major bottlenecks is the
dissolve oxygen concentration because why because microorganism they can utilize the

oxygen which is dissolved in the fermentation media.

And sinks oxygen is sparingly soluble in water so that is the major limiting factor in the
aerobic fermentation process. So, since activated sludge process the aerobic fermentation
process we can extrapolate this process design for normal biochemical fermentation
process also and in the next lecture I shall discuss the anaerobic fermentation process.

So, we can also we find out how the how we can design the anaerobic digester.
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Problem

esign a continuous flow stirred tank ASP to treat 0.25m3f5 of settled wastewater having 250 mg/L of BOD;,
Fhe effluent is 1o ha mg/l of BOD; or less. Assume that tmc and that the following
conditions are applicable. . —— —

R ia':‘a

1. Influent volatile suspended solids to reactor are negligible. a i
2. MLVSS/MILSS =_I l'.).g )
3. x%,=10,000 mg/L of suspended solids
4. MWSS=T500 g, ,i;‘_‘—'"
5 6.=10d
6. Hydraulic regime of reactor = continuous flow stirred-tank
7. Effluent contains 22 mg/L of biological sofids, 6T Which 65% is biodegradable.
8. The value of the BOD, can be obtained by multiplying the value of BOD, by a factor of 0.68
9, Waste contains adequate nitrogen, phosphorous, and other trace nutrients for biological growth.
10. y;=006d*and¥,, =05

11. The 1-day sustained peak flow rate is 2.5 times the average flow rate.
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So, let me start this today that with the activated sludge process. Now, if you look at
problem that we have here this is if you see that design of a continuous flow stirred tank
activated sludge process to treat 0.25 cubic meter per second of settled wastewater.

Settled waste water I try to discuss that when wastewater comes to that suppose this is



the activated sludge process when it comes first is it comes to the primary clarifier.
Primary clarifier this main purpose is to separate down the suspended particles then it
goes to the activated sludge process then again is goes to the secondary clarifier. Finally,

it goes out like this and suspended solid we can separate out here.

So, this is exactly what is mentioned the design a continuous flow starting activated
sludge process to treat 0.25 cubic meter per second of settle wastewater having cod BOD
5 is 250 milligram per liter, effluent has 20 milligram per liter of BOD 5 or less assume

the temperature is 20 degree centigrade that the following conditions are applicable.

The influent volatile suspended solids in the reactor is negligible. So, I told you the
volatile suspended solid actually that indicate the presence of cell mass because most of
the cell mass they are organic mass. So, here we can assume the x 0 equal to 0 and a
MLVSS by MLSS is 0.8. I explained in the last lecture MLVSS means the organic that
cell mass and MLSS in the total suspended solid and suspended solid comprises of both
organic and inorganic matter material. Inorganic material we considered as the inactive

biomass.

Now, x u is the settle cell mass concentration, but this is suspended solid. So, this is not a
exactly the cell mass concentration, but if you multiply it with 0.8 then we need to get
the settled cell mass concentration and this is the MLVS that is the cell mass
concentration x equal to 3500 milligram per liter, theta ¢ is the solid retention time or
mean cell residence time that is strained is hydraulic regime of the reactor it is
continuous flow stirred tank the this thing is very important because the effluent contains

22 milligram biological solid in of which of which the 65 percent biodegradable.
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Problem

esign a continuous flow stirred tank ASP to treat 0.25m*/s of settled wastewater having 250 mg/L of BOD;.
he effluent is to have 20 mg/l of BOD; or less. Assume that the temperatu&j:. 20°C pnd that the follgyj
onditions are applicable. \.“@.‘L . ;

Influent volatile suspended solids to reactor are negligible. ‘10"'
MLVSS/MLSS = 0.8

X, = 10,000 mg/L of suspended solids

MLVSS = 3500 mg/L

8.=10d

Hydraulic regime of reactor = continuous flow stirred-tank
Effluent contains 22 me/L of biological solids, of which 65% is biodegradable.

The value of the BOD, can be obtained by multiplying the value 6T BOD. by a factor of 0,68

. Waste contains adequate nitrogen, phospharous, and other trace nutrients for biological growth.
10. ;=006 d* and ¥,, =05
11. The 1-day sustained peak flow rate is 2.5 times the average flow rate®
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Now, I want to tell you here, suppose this is the activated sludge process and this is the
CSTR and here you have stirred and here you have the sedimentation tank, you recycle
back to the reactor. The supernatant is this is actually the this is called influent this is
called influent and that is called effluent am I right. So, here x 0 equal to 0 and here x ¢
we also this tends to 0, this is also tends to 0, that is we usually assume. We assume that

the very less amount of cell mass present.

But, here the problem is like this they are saying that effluent contains 22 milligram per
liter of suspended biological solid, that means, due to the inefficiency of the separated
some solid material cell mass may overflow and it is comes in the effluent. is 65 percent
the value of BOD 5 can be obtained by multiplying BOD u by 0.68. Waste contains
adequate nitrogen phosphorous and other trace nutrient for biological growth and the
specific death rate of the cell 0.06 d inverse and yield coefficient 0.5. 1-day sustained

peak flow is 2 2.5 times the average flow rate. This is the problem that we have.
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Solution:

1. Estimation of soluble BOD; of the effluent.

Effluent BOD; = BOD; of the soluble effluent + BOD of effluent suspended solids
Determination of BODE of effluent 5.5

Biodegradable portion of effluent 5.5 = 0.65 (22 mg/L) = 14.3 mg/L S by
BOD, of effluent 5.5 = (14.3 mg/L) x (1.42 mg/mg) = 20.3 mg/L T [
BOD; of effluent 5.5= 20.3 mg/Lx 0.68 = 13.8 mg/L

Therefore, BOD; of soluble effluent = (20-13.8) mg/L = 6.2 mg/L

2. Determination of the treatment efficiency of the process ==
a). Biological conversion efficiency of the process =(250-6.2)/250 x 100 = 97.5% L
b). The overall plant efficiency = (250-20)/250 x 100 = 92%

3. Determination of reactor volume
We know that
V= 8,00Y,4(SySIx(1+14.8,)) = 4702 mi.
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Now, so, what we shall have to do first? The process is like this that you know this is the
reactor and we pass the this is the Q is the flow rate Q 0 is the flow rate and S 0 the
initial substrate concentration X 0 is the initial cell mass concentration this comes in the
reactor and under steady state condition the cell mass concentration is the X X and

substrate concentration is S and V is the volume of the reactor.

Then it comes to the clarified or separated where we separate the cell mass and this is the
settle cell mass concentration is X u it is it is it is recycle back to the reactor like this and
this is an effluent is coming out like this and this is the wasting this flow rate of the
sludge and this is the settle said this is X r is given this will be X u we will be using the

X u this is wrongly given.

So, now, let us see how we can we can we can solve this problem. Now, here that what is
the purpose of this activated sludge process purpose of the activated sludge process is do
we remove the soluble organics present in the wastewater. Now, how you can remove
that your organism grow in the wastewater and convert the soluble organics to insoluble
organists and carbon dioxide. Carbon dioxide will go out of the system and cell mass

remain in the system that we can easily separate it out.

So,, so, actually that is due to the inefficiency of the clarified we cannot separate all the
cell mass. So, some cell mass remain with the effluent. So, that is not the fault of the

activated sludge process. Now, if you want to calculate the actual efficiency of the



activated sludge process we shall have to consider the BOD 5 of the soluble organs not

the insoluble organs.

(Refer Slide Time: 13:24)
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Solution:

1. Estimation of soluble BOD; of the effluent.

Effluent BOD, = BOD; of the soluble effluent + BOD; of effluent suspended solids
Determination of BOD; of effluent 5.5

Biodegradable portion of effluent 5.5 = 0,65 (22 mg/L) = 14.3 mg/L e by
BOD, of effluent 5.5 = (14.3 mg/L) x (1.42 mg/mg) = 20.3 mg/L e w
W

BOD, of effluent 5.5= 20.3 mg/Lx 0.68 = 13.8 mg/L

Therefore, BOD; of soluble effluent = (20-13.8) mg/L = 6.2 mg/L $ I
ei) § \/
2. Determination of the treatment efficiency of the peaces rerE——
a). Biological conversion efficiency of the process =(250-6.2)/2 "nr' 97.5% !
b). The overall plant efficiency = (250-20)/250 x 100 = 9?,% A
3. Determination of reactor volume }W
We know that /ﬁ
V=808 Sibltmgl) a2 L )
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So, the outgoing liquid has two parts, am I right? It has a soluble organics soluble plus
insoluble. So, we shall we shall have to calculate what is the BOD 5 of the soluble and
BOD 5 of the insoluble. Now, this is equal to the total BOD 5 of the effluent BOD 5 of
the effluent, am I right? Now, now if you if you can find out BOD 5 of the insoluble
solid material then if you deduct with total BOD 5 of the effluent then we can find out
BOD 5 of the soluble liquid.

So, this is exactly what we are doing here. You see that the effluent BOD 5 equal to BOD
5 of the soluble effluent BOD 5 of the suspended solid. Now, now a biodegradable
portion of the effluent is we have a 22 milligram per liter of the biological solids of
which the 65 percent is biodegradable; that means, biodegradable organic matter is 14.3
milligram per liter that we know that for the oxidation of 1 gram of biomass we required
1.42 grams of oxygen. So, we can find out these are much oxygen will be required for

oxidation of the solid material.
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]ioIEl::Ii:'ll.laiion of soluble BOD; of the effluent. Gw p g = é@ P_)__-—-t—‘:'

Effluent BOD = BOD; of the soluble effluent + BOD of effluent suspended solids
e ———————————
Determination of B 55 of efffuent 5.5

Biodegradable portion of effluent 5.5 22mg/L)=14.3 mg,fL Sptem bovrcay

BOD, of effluent 5.5 = (14.3 mg/L) x (1.42 mg/mg) = 20.3 m gfL e we 20

BOD, of effluent §.5= 20.3 mg/Lx 068 = 138 mg/l =~ wet o | K-

Therefore, BOD; of soluble efluent = {20 -13.8) mg/L= 6.2 mg/L s &9 L$
e ————— —-#

2. Determination of the treatment efficiency of the process i l\"" e
a). Biological conversion efficiency of the process -{250 -6.2)/250 x 100 = 9'." 5% / LAl ? U
b). The overall plant effic It efficiency = (250-20)/250 x 100+ 92%

3. Determination of reactor volume
We know that
V= 8,00Y,4(5ySI(x(1+4.8,)) = 4702 md.
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And, then BOD 5 of this material if you multiplied with 0.65 because we have written in
this problem BOD 5 is equal to 0.68 into BOD u u, u means that ultimate BOD, the total
BOD that we have. So, we can easily find out the BOD 5 of the suspended solid. Then
we can we can find out the BOD 5 of the soluble effluent is 20 minus 13.8 that is 6.2

milligram per liter.

Now, when you so, when you when you talk about the process design the of any kind of
biological process or chemical process first parameter we shall have to determine that
what is the conversion efficiency of the process. Now, here we have seen that we have
two type of conversion efficiency; one is overall plant efficiency and there is the

biological efficiency of the process.

Now, if you look at the biological conversion efficiency of the process that will be what
we that is the BOD of the soluble incoming liquid here is the 250 milligram per liter
BOD 5 and here is 6.2 milligram per liter the this is we have we have found out this
par[t]-. So, biological conversion efficiency of the process will be 97.5 percent, but
overall plant efficiency if you considered. So, it is 250 and here 20. So, that means, 250
minus 20 by 250 is coming 92 percent.

So, this is how we can calculate the plant efficiency. So, when you do any kind of

process design first parameter you shall have to monitor that what is the conversion



efficiency of the process. Second parameter we shall have to find out what is the volume

of the reactor the volume of the reactor is like this.

(Refer Slide Time: 16:40)
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Solution:

1. Estimation of soluble BOD; of the effluent.

Effluent BOD, = BOD; of the soluble effluent + BOD; of effluent suspended solids

Determination of BOD; of effluent 5.5

Biodegradable portion of effluent 5.5 = 0.65 (22 mg/L) = 14.3 mg/L e by

BOD, of effluent 5.5 = (14.3 mg/L) x (1.42 mg/mg) = 20.3 mg/L ol (ete

BOD, of effluent 5.5= 20.3 mg/Lx 0.68 = 13.8 mg/L et oole- ow \

Therefore, BOD; of soluble effluent = (20-13.8) mg/L = 6.2 mg/L tal B 5$
SV b

2. Determination of the treatment efficiency of the process |
a). Biological conversion efficiency of the process =(250-6.2)/250 x 100 = 97 5% duf

b). The overall plant efficiency = (250-20}/250 x 100 = 92% P "( 5(@‘;‘) .
3. Determination of reactor volume \{ul/ ﬂa

We know that }« ¥

V= 8.QN,So L4 = 4702 L\k/t
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And, in this in this I want to point out that these parameters particularly Y x by s this 1
plus mu t plus theta c. This is considered as Y x by s observe; observe means this is the
way we know the suspended material when you talk about the yield coefficient what is

the overall coefficient? Gram of cell mass produced per gram of substrate consumed.

Now, this gram of cell mass when you go considered about overall yield coefficient it
comprises of two type of biomass one is one is called cell another we call dead cell now
when you when cell multiplies on the only the cell cells will multiply this will not
multiply. So, observed yield coefficient will be something else, the observed yield
coefficient we shall have to consider the rate of the cells and it will come as the Y x by s

by 1 plus mu t plus theta c equal to Y x by s, this is observed yield coefficient.

Now, here this is the expression for the volume and we in this problem we have all the
parameters, you just put the parameters we can easily find out the volume of the reactor.
So, second part of the problem is that how to find out the volume of the reactor, am I

right?
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4. Determination of quantity of sludge bleeding per day
Obszerved yleld, )

Yo = V(1418
rwﬂ%‘és d'(10d))

=0,3125 )
Rate of MLVSS formation \{ 41 L

=V, Qul55

= [0.3125(21,600 m*/d){250-6.2) g/m’]/10° g/kg

= w -7 /
rate of MLSS formation =

=1645.7/0.8 kg/d (d,é
= amount of sludge to be bleeded per day 6

5, Determination of volumetric sludge-wasting rate

Q,=VX/8.,
= (4702 m*)(3500 mg/1)/(10d)(1,000 mg/1x0.8)
=205.7 m/d

=
V)

e—
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So, now next is that that what is the amount of solid produced per day from the reactor
that we shall have to find out. Let us see how you can find out that I first I told you the y
observe equal to Y by 1 plus mu t plus theta c this is the observed yield coefficient and
this is coming you I can I can tell you actually that we go over all this over all yield
coefficient was how much this is was 5, but when you consider the calculate the
observed that is coming. So, it is much less than the overall yield coefficient because it
comprises of both the dead cell and viable cell then it comes consists of mostly the viable

cells.

So, we can so, this is what is this parameter? This parameter to indicate Q 0 into S 0
minus S indicate how much of BOD that is removed. So, if you multiplied by this factor
Y observed we you will easily get the how much cell mass is produced this is the cell
mass is produced. Now, once we know the how much cell mass is produce this is the
volatile suspended solid now if you divide by 0.8 then we will got we will get the mixed
liquor suspended solid that is the sludge. So, this is what we have we have what we can

calculate how much sludge is producing per day.

Next is that volumetric the sludge wasting flow rate. Now, how you can find out.
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4. Determination of quantity of sludge bleeding per day

Obszerved yleld,

Voo = (14148, ,rdn.
=0.5/(1+0.06 d*(10 )} q v W
203125 . A

Rate of MLVSS formation 'ﬂ/‘"

=V QlSo'S) <

= [0.3125(21,600 m*/d){250-6.2) g/m’]/10° g/kg

= 1645.7 kg/d

rate of MLSS formation \} 1

=1645.7/0.8 kg/d

=amount of sludge to be bleeded per day ﬁ/ {Llf
7

5. Determination of volumetric sludge-wasting rate

Q.= VX/B.X,
= (4702 m*)(3500 mg/1)/{10d)(1,000 mg/1x0.5)

=205.7m'*/d
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I told you that in this reactor this is like this is coming in and a part you are going out and
a part you are recycles back. Now, here you have Q wxu and yes, am I right and here you
have what Q w plus Q r and Q r is a recycle flow rate. Here is the cell mass
concentration. Now, what is the theta c? theta c is the solid retention time. How you can
write this is V is the V is the volume of the reactor x is the cell mass x, V into x divided
by Q w into x u, X u that is the how much rate of cell mass wasting from the reactor and
this is the how much cell present in the reactor. So, that gives you the what is the solid

retention time.

Now, even in this equation we can easily find out Q w. Q w is the volumetric sludge

wasting rate if you put all this value we will get 205.7 cubic meters per day.
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6. Computation of recirculation ratio

Bioreactor VS5 concentration = 3500 mg/L
Return V55 concentration = 8,000 mg/L
Therefore, (Q/Q,) = [X/(X,-%)]=0.78

bkl
‘_,_.-ﬁf
7.Hydraulic retention time (HRT) /
=8=V/Q= 4702 m(0.25 /33600 ) d

—=Z52h

=0217d U
—

8. Determination of oxygen requirement 9 (p

W

Assumption: Nitrification is neglected
Mass of BOD, utilized = Q(5,:5)/0.68 [since BOD = 0.68 x BOD,]
= [(21,600 m*/d)(250-6.2)g/m"*(10° g/Kg)}/0.68

= 7744
Oxygen required = 7744-1.42 kg/d)
=5407.1 kg/t
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Now, next is that what is the recirculation ratio that we can easily find out recirculation
ratio we can find out that this equation that a recirculation ratio usually we find out by
alpha, this is alpha is equal to Q r by Q 0. This is the recirculation ratio this is I think
there is some mistake we can made the correction. Then this we can find out through the
material balance across the reactor we can easily find out that in the in the then we can

we can find out that what will be the value of Q r by Q 0.

The hydraulic retention time that is hydraulic retention theta can be easily find out V by
Q 0 that is you can you can easily find out then V we know then Q 0 equal you know. So,
we can find out the hydraulic retention time. Now, oxygen requirement we can easily
calculate how we can calculate the Q into S 0 minus S that is the amount of BOD that is
removed and then this is point this is the BOD 5 and 0.68 if you divide then we will get
the total BOD that it should be removed.

Now, when your wastewater this much of BOD is removed a part is converting into cell
mass that remain in the reactor. So, the BOD equivalent to cell mass that is to be
deducted and BOD equivalent to this is the amount of cell mass that is produced and this
is 1.42 is the conversion factor for the oxidation of 1 gram of the cell you required 1.4 to
gram of oxygen. So, if you derived we can find out the figure that; what is the exact

amount of oxygen that is required in this particular process.



(Refer Slide Time: 22:18)

9, F/M ratio and volumetric loading factor
] F/M = 5,/8X = (250 mg/L)/(0.217 d)(3500 mg/L) 9

=033d!
VolumetriToading = 5,
= ((250 g/m¥(21,600 'rn%d]:lﬂ’ g/Ke)1/4702 m? /
¥

=1.15 kg BODy/m?/d
e ——

10. Computation of air requirement
(a) Theoretical air requirement

= (5407.1 kg/d)/(1.201 Kg/m?)(0.232)

=19, 406 m/d

(Assuming density of air = 1.201 kg/m?)

(b) Actual air requirement

=19,406/0.08 = 242,575 m?/d = 168 m*/min
(Assuming Owygen-transfer efficiency = 8%)
(c) Design air requirement
=2(168 m*/min) = 336 m*/min
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Now, the F F by M ratio that also you can easily calculate what is the F by M ratio F by
M ratio is the food and microorganism ratio. What is the food total food is the Q 0 into S
0 and what is the microorganism present in the reactor V into x the. So, we can we can
find here because the Q F by F by Q 0 is the 1 by theta. So, if this is the replaced by
theta. Theta is the hydraulic retention time. So, you can easily find out what is the F by
ratio and then volumetric loading that we can calculate by this is that per unit volume

how much BOD is loading, that we can per unit time that we can calculate from this.

Now, how you calculate the amount of air requirement that is very important because
previously we have already find out how much oxygen is required this is the amount of
oxygen required. Now, air contain 23.2 percent of air oxygen. So, if you divide by 0.232
you will get the amount of air that is required. Now, air has the density of 1.20 to 1 kg
per cubic meter. So, you will get the volume of here that is required for this particular

Pprocess.

Now, now all oxygen present in the air all a all oxygen we cannot be transferred into the
liquid. So, there is a some kind of oxygen transfer efficiency that is we considered about
8 percent. So, if you divided by 0.08 we will get the exact amount of oxygen that is air
that is required for this particular process and for designing purpose always we consider
some kind of factor of safety. Here we can consider 2 is the factor of safety. We can find

out that what should be the air requirement has about 333 36 cubic meter per minute.
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11,
]{al Air required per unit volume of effluent

= (242,575 m?/d)/(21,500 m¥/d)
=112 (m¥mY) —
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And, here we can say air requirement per unit volume of the effluent. This is the amount
of effluent is to be treated, this is the amount of air is required. So, we can find out cubic
meter per cubic meter of that effluent that that we can calculate, air requirement per kg of
BOD removal that also we can calculate with very easily. So, if you know that this is the
a amount of air requirement and this is the amount of that BOD that is to be removed and

then we can find out what the per kg of BOD removal how much air is required.

So, this is considered as the process design. The process design basically we have been
that for running for operation of the process whatever parameters we shall have to

monitor that is to be estimated that is called process design.
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Problem
One step-aeration activated sludge process is to be analyzed as a series of continuous flow stirred tank
]reactor. T ———————
¥ F 2

Fig Step aration process

Using the design parameters given below, determine the cell mass concentration in each tank.
V=240 m?, 5,250 mg/L, 5,=4 mg/L, 5,26 mg/L, ;=8 mg/L, 5,=10 mg/L, Y, =0.65, p;=0.05 d"!, F,=800 m*/d,
F =400 m*/d, X =10,000 mg/L
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Now, second problem also very interesting, if you look at that one step-aeration activated
sludge process is to be analyzed as a series of continuous flow stirred tank reactor. Now,
this is the four tanks. This is 1, 2, 3, 4 this is the activated sludge process their continuous

stirred tank reactor they are attached with each other in series.

Now, then this is the clarifier this is the clarifier where you separate out the cells and if
cell you recycle back to the system. Now, if you look at the flow diagram these cells it
comes in contact with the with the flow stream that is the feed this is the feed or
wastewater that is coming in. So, they are mixing together and then they are equally
distributed in the 4 different reactor, am I right? You can see that this is distributed like
this.

So, then here the liquid is coming and then after the contusion is a continuously
operation then the liquid is entering into the second reactor and here is coming and then
this is now here I want to point out one thing that if you look at the flow rate of the how
much word what flow rate the incoming liquid coming in the first reactor that is F, am I
right? Now, in case of second reactor we have two flow rate here F and here F. So,
overall flow rate is 2F. So, here you have 2F am I right. So, the this in the third reactor
this what is the flow rate 2F plus F that is 3F. So, here it is coming 3F, am I right? This
3F is entering and fourth reactor will be 3F plus 4F that is 4F. So, this is the overall flow

rate in the in the in the fourth reactor.



So, this is let me see how we can solve this problem.
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Solution:
Given: V=240 m?, 5,=250 mg/L, 5,=4 mg/L, 5,26 mg/L, 5;=8 mg/L, 5,=10 mg/L, Yy5=0.65, 4,=0.05 d*,
F,=800 m*/d, F,= 400 m*/d, X =10,000 mg/L

%___‘_‘——_:—_

From the figure, the ultimate flow rate (F) can be given as: ?o % " ‘F’éﬂa

Ay
(snn) HO0)  aom gd

Now, the substrate entering reactor 1 can be given as: E’ S
=l
+FS5, (B 50) + (400 x 10
5 FU_.« Fy. 4_(Dﬂx20) (400x1 )—I?Omyjl,
4F 4 (300) -,
The cell mass entering reactor 1 canbe given as

M

~ FXo+FX, (800 0) + (400 £ 10000)
T 4(300)

= 333333 mg/L = 3.34 g/L,_(For sterke feed X,=0)
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And, I told you that whenever we you want to solve the problem you try to write down
all the operational parameters that we have you can write it down and now let us see how

we can find out the overall flow rate of individual tank.

So, F 0 is the is the is the is the incoming flow rate am I right this is F 0 and this is F r
this is your F 0 and F r and then it is divided into 4 different reactors like this equally it
divided it like this, am I right? So, basically it is the F 0 by F r divided by 4. So, the flow

rate of individual reactor here it will be 300 cubic meter per day.

Now, question come what is the value of S? Now, here the S 0 values is the substrate
concentration S 0 and here substrate concentration is S, am I right? Now, S 4 because it
is coming from the fourth reactor. So, we can write F 0 into S S 0 plus F r into S 4
divided by F 4 F then we will get the this value; that means, 170 milligram per liter. So,
S value you can find out similarly we can find out the value of X also what is coming in
here X here X here X all this X value you can kind of F 0 into X 0 this is the X 0 and
here this is your X u, am I right? The F r into X u divide by 4F you calculate 3.3 grams
per liter that will be getting.
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Now, the substrate balance across re 1 at steady state can be given as:
Input + Generation = Output + Consumption + Accyiulation
] — — 7%
FS+0=FS + & V40

—

1
F(S-5,)= (Y—MH.X,).V
X/

F(5=5,)Y
T‘m =g Xy (1)
e S et

Similarly, the cell mass balance across reactor 1 can be given as :

FX = FX, - (‘é—f-) eV

By rearranging we get

(kg = Ha¥s = pagp % - ¥)
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Now, when we do the substrate balance in the first reactor, then how we can write? The
substrate balance is the rate of input of the substrate of generation of substrate output
consumption and accumulation. Now, this will be equal to 0, in case of substrate and rate
under steady state condition accumulation will be 0. So, we can write F into S, F into S 1
dS by dt into F. Now, dS by dt we can write in this form. So, this we can write in this

form they into S minus S 1, Y X by S by V equal to mu g into X 1.

Now, if you go if you write the cell mass balance also we can we can we can come across
this equation. So, this is what is the what is the net growth of the cells is mu g into mu d.
The mu g is the growth of the cell mu d is the death of the cells into X 1, this is equal to
this.
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@ peki+ K=K )
]From Eq. (1) and (2)

F(S=$)fys @F (F F
L = 0 =0 = (G e o - X

e —

By rearranging we get, \/
F(5'51)Yx55+Fx - /
1 F+
yTHe

—0

1

-[(S-S,)!’x;5+x]

or Xy =F————  (0==HRT) .03

1
alltrab)
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Now, this equation we can write in this form. This is the and then from equation 1 and 2
if you look at this equation we have we have written in this form the mu mu g into X 1
and this equation also we find out the expression for mu g. So, the 1 or 2 that one side is
the same. So, we can equilibrate the equation we will come across this equation and then
the this equation you can write we have to find out the value of X 1 and where our
equation will come and X 1 will be equal to that F by V is equal to what, 1 by theta,
because we know theta is the hydraulic retention time is equal to V by F, am I right?. So,
this we can write in this form Y by X s. This is F by V, I can take common and this also

we can take common and we can take 1 plus mu d into theta.
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By using Eq. (3), a generalized equation for cell mass concentration across all the reactors can be given as:

] on X, = 1G5i=5n)YxstXi ) \LS M
(1+p84]

Where, X, is the cell mass concentration in n* reactor

5; is the substrate concentration of incoming liquid __

S, Is the substrate concentration leaving the n* reactor ’1_’

X; is the cell mass concentration of the incoming liquid "

8, is the HRT of n*" reactor

Using Eq. (4), In reactor 1,

S=§,)¥ys +X] (170 - 4)0.65 + 3333.33
=L 1’3 = =), i = 3308.87 mg/L
e (1 ﬂﬂl 1+005(300) P
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Now, then from this we can we can we can write a generalized equation that X n equal to
Siinto minus Sn'Y X by S plus X i will divide by y 1 plus mu d plus theta n. Now, what
do you mean by theta n? theta n is the hydraulic retention time of the n tank, X i is the
cell mass concentration of the incoming liquid X n is the substrate concentration leaving
the nth tank and S 1 is the substrate concentration of the incoming liquid X n is the cell

mass concentration of the n-th reactor.

So, what we can do that after writing this generalized equation now, we can consider the
first reactor. In the first reactor what we can write that X 1 equal to this S will be that S
that you know the reactor that S is coming this is with the main stream the S minus S 1;
S 1 is going out late from this is the number 1 reactor I can I can write that this is X is the
here is the value of X that is the incoming liquid and 1 plus theta into mu d into theta. So,

if you put all these values we can find out the cell mass concentration here is like this.
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In Reactor 2,
The substrate concentration of incoming liquid (S) can be given as:

FS+FS, S+5, (170+4)

§=r= ——— =87 mg/L s
= %
Similarly, the cell mass concentration of incoming liquid (X) can be given as s
|

FX+FX, X+X, (333333 + 330887
x= Tt K4 (OS533 ¢ SR) o 33211 gy

AT 2 2 e

” . -2 64
The HRT for the 2"reactor can be given 3:8 =200 —

Putting all the values in Eq. (4) we get,

((5; = S2)¥es + %] (87 - 6)0.65 + 3321.1 .
e R T e
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Now, similarly we can find out the S i. S i value and X i value and X 2 value that we can
find out. In the in the second reactor, how we can find out; in the second reactor that in
the second reactor if you consider in the second reactor suppose this is the main stream
and this is the first reactor this is the second reactor and this is coming like this. So, here
there is the F is the flow rate, this is F is the flow rate, this is this one this is S, am I

right?

So, we can write the S i the incoming substrate concentration the F into S plus F into S is
1 divided by 2F will give you 87 milligram per liter. Similarly, X 1 also we can calculate
we find this. The theta theta 2 the hydraulic detention level this is the volume of the
reaction that the total flow rate is F plus F is 2F. So, we can find out 0.4. So, they if you

put this value in this equation we can get the value of X 2.
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In Reactor 3,
The substrate concentration of incoming liquid () can be given as:

o IS S425 (170 + 2(6))

| 3F 3 3 = 60.66 mg/L

Similarly, the cell mass concentration of incoming liquid (X, can be given as

| 3 3 3 = 3316.17 mg/L
rd 0 e et
The HRT for the 3™ reactor can be givenas : 8, e
Putting all the values in Eq. (4) we get,
S =530V s +X)  (60.66 = 8)0.65 + 331617
_ 1G5 =Sy)hys +X] (. )06 517 _ 330641 mg/L

3T [+ug8) 14005(0.266)
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Now, similarly we I can I can solve for the reactor 3 and reactor 4.
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In Reactor 4,
The substrate concentration of incoming liquid (S can be given as:

CFSH3FS; S+35, (170+3(8)
T T

= 48,5 mg/L

Similarly, the cell mass concentration of incoming liquid (X) can be given as

g PR3P X4+3% (333333 4 3(3306.41)

= : . = 3313.14 mg/L
d : oV _ om0 _
The HRT for the 2™ reactor can be givenas: 8, = —= ——=
4F  4(300)

Putting all the values in Eq. (4) we get,

(5= 5a)Vyys +X] _ (485 -10)0.65 + 3313.14
YT g8 1+0.05(0.2)

=3305.10 mg/L
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Similarly, the same solution we can get and so, what are you in conclusion what I want to
tell that that in it is very easy to do the process design of activated sludge process. We
can find out first we shall have to find out the conversion efficiency of the process and
then we shall have to find out the volume of the reactor, then we can we can find out how
much sludge is producing per unit time. Then, we can calculate that that what is the

hydraulic retention time, what is the solid retention time, what is the flow rate wasting



flow rate of the of the sludge. Then, we can find out the exact amount of air that is

required for this particular activated sludge process.

And, I tried to tried to solve some kind of step variation process just to find out that how
to the cell concentration in after different reactors when they are they are connected in

series.

Thank you very much.



