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Recommended aerobic pond size

Cow Required surface
numbers area (m?)
100 370

b BansY) il puay A oluall sliy

_SJ#SSU&“JM\Q.\AHMQ@LA 9&\3&3_%&‘&\)@‘&@@210

150 560
200 740
250 *920
300 *1100
350 *1280
400 *1570
450 *1660
500 *1830
550 *2020
600 *2200
650 *2390
700 *2570
750 *2750

1.7
1.7
1.7
1.7
157
154
1.7
1.7
1.7
1
157
1.7
157

Depth Volume (m?) Top bank Pond floor
size (m) size (m)

20x23 13x16
540 20x33 13x26
720 24x35 17x28

Build an appropriate combination of
two or more ponds to make up the
required surface area

* Divide this dimension into two smaller aerobic (facultative ponds)
Batter slope on interior bank = 2:1

Freeboard of 0.5 m is included in the depth

Based on 0.09kg BOD/cow/day
Note: Pond measurements can be altered to suit terrain where necessary, but the volumes (anaerobic) and

surface area (aerobic) must remain within the guidelines.
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Rotating immersion disks

4. Lamella-separator

4. lrrigation & disinfection tank (optional)
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highly efficient wastewater treatment system capable of consistently
producing:
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<5-10mg/L TSS
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Anaerobic Reactors
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ANAEROBIC TREATMENT OF WASTE WATER
The concept of anaerobic treatment of industrial wastewater is based on
a microbial consortium involving many classes of bacteria. The bacteria
are active anaerobically to execute a complex process with several
intermediate steps: The complex organics found in the substrate are
first hydrolyzed into simpler organics after which they are fermented to
volatile acids by the acidogens.
Volatile acids longer than two carbons are then converted to acetate and
H2 gas by obligate hydrogen producing acetogens. Finally the acetate
and H2 gas are converted to CH4 by methanogens (6). This relatively
complex process is pictured in figure below:

5% Complex organic compounds 20%
(Carbohydrates, lipids and proteins)
HYRULYSIS

v

U% Simple organic compounds
(Sugars, amino acids, peptides) 35%
ALIDU GENESSS

v

Llong chaein fotty acids
(Propionates, butyrate, etc)

Yy v 13 ¢ 17% L\ A J
HZ , €02 ACETATE

28%\ CHy, €O, 4

- Schematic representation of anaerobic treatment processes

-
\

\

A
/ ,: T :;‘, ' \ & 4,
“‘ " o 9 g \\‘

[ 9
¥ 2 ’ A SV 4 ‘\J’;

\

gl sl awalll desalll aalal|

7\\*( - Libyan Standard — —
< ¥‘ E Book Number | | Electronic Libyan | | Electronic Libyan

a,;,m...wg,.,u.u,,,u\,m._,.m Ll bt A ) Bl (LSBN) Encyclopaedia | | Science Journal | |

Libyan Culture Councilfor International Schools & Universities / \Electronic University of Postgraduate Studies,

, 7
faN

el Me sagall gull gigl | (asiqll asquoall] [ asignsitl aball | [ asiqrl gujlaal

adgall

Electronic

rnational School



60

i) gaN 5 Al sl el s A jlRa

Aerobic

Anaerobic

Need land (From about 0.06sq m. per
person for activated sludge up to 3 sq.m per
person and more for facultative ponds and
constructed wetlands

Require very little land

More intensive forms of treatment (activated
sludge and extended aeration) require
energy.

No energy requirement — indeed can be net
producers of energy

Can remove 90% or more of organic load

Typically remove 40 — 70% of organic load
and may need to be supported by secondary
aerobic treatment

Systems with long retention (ponds and
constructed wetlands) can achieve WHO
guidelines for pathogen levels in effluent

Generally poor pathogen removal

Systems with longer retention (ponds and
constructed wetlands) deal well with
fluctuations in flow and organic load

Sensitive to variations in flow and loading.

Higher sludge production than anaerobic
systems

Produce low volumes of well-stabilised sludge

Can smell, particularly if overloaded

Need to be enclosed to avoid smell problems
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UASB-reactor

IC-reactor and EGSB-reactor

Bio bed-reactor

anaerobic activated sludge process
packed bed reactor

fluidized bed reactor

Up flow septic tank /Baffled reactor (USBR)

n Biogas > Gas
outflow c '“&‘JE T—*
A o / outflow
5 % 4
" 2nd S
outflow step £ sludge
S bed
1st ;
inflow Step inflow
UASB-reactor IC-reactor biobed-reactor
- Gas 5 t GaS outflow &
o A S i -
- ] © e ]
- outflow 5 2 S
3 | = B = £
S I e] Eis g
inflow ' ‘l inflow b ¥ inflow "t
anaerobic activated packed bed- fluidized bed-
sludge process reactor reactor
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1- UASB-reactor

Up flow Anaerobic Sludge Blanket “ UASB-Reactor
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‘ A Upward-flow Anaerobic Sludge Blanket
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sludge bed

influent  p—

UASB-reactor

2- IC-reactor (Internal Circulation)
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3- Bio bed-reactor (EGSB technology)
The Biobed EGSB technology (Expanded Granular Sludge Bed) is an

extremely compact, high performance anaerobic treatment process for
industrial effluents using granular sludge.

* biogas

Settler
-
gas
bubbile gas
. bubble
shudge -
granule —— ’ - sludge
:: grantle Ettluent
- Recycle
..
&
.0
: > Sludge
A Bed
Influent
R
prsr e Ga - ®
H $ EGSB expanded Granular Sludge Bed Biobed
- wewn ; ﬂ —.L_]ﬁ v'LJ —_— biogas

: : ‘\ f cover plate (gastight)

Q \ / outflow

- | N gas collecting space

a2

: 7> ———=elfluent collecting system

8 ' s ' u d g e ; . seltler unit

g bed ¥ :< degassifying unil

b ' effluent oL |

" 1 & ; = < expanded granular sludge bed
inflow

influent distribution system

biobed-reactor P :

« ultra high organic loading capacity (15 - 30kg COD/m3/day)
e low surface area requirements

e energy source from biogas production

e economical operation

o extremely small footprint

« patented triple-baffle internal settler

« highly settleable granular biomass

e no odor or noise emission

e proven reliability
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The EGSB reactor and the IC reactor can achieve respectively up to 25
and 35 kg COD/m3/day.

However the IC presents other advantages over the ESGB reactor. It
uses an internal circulation based on airlift principle, generated by the
biogas that is produced inside the reactor. This internal mixing energy
provides a more intimate contact biomass wastewater resulting in
higher organic loading rate achievable. Furthermore the IC reactor uses
two sets of the 3-phase separator modules, and therefore produces a
higher quality effluent compared to other anaerobic processes reducing
the cost of potential polishing step.

4- anaerobic activated sludge process
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5- Packed Bed Reactor

'S
Gas  sutflow

recirculation

I et EEREEEEEY

=
=)
o
3

packed bed-
reactor

Continuous packed bed reactors are the most widely used reactors for
immobilized enzymes and immobilized microbial cells. In these systems,
it is necessary to consider the pressure drop across the packed bed or
column, and the effect of the column dimensions on the reaction rate.
There are three substrate flow possibilities in a packed bed and they are
illustrated below:

1. Downward flow method

2. Upward flow method

3. Recycling method
The recycling method is advantageous when the linear velocity of the
substrate solution affects the reaction flow rate. This is because the
recycling method allows the substrate solution to be passed through the
column at a desired velocity.

For industrial applications, upward flow is generally preferred over
downward flow because it does not compress the beds in enzyme
columns as downward flow does. When gas is produced during an
enzyme reaction, upward flow is preferred.
A continuous packed bed reactor has the following advantages

over a batch packed bed reactor:

1. Easy, automatic control and operation

2. Reduction of labor costs

3. Stabilization of operating conditions

4. Easy gquality control of products
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6- fluidized bed reactor

Gas
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fluidized bed-
reactor

7- Up flow septic tank /Baffled reactor (USBR)
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Up flow septic tank /Baffled reactor (USBR)
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pH 6.6 —7.6 6.8 - 8.1 6.1 -8.05
E. C phos/cm 995 - 1970 1050 - 2470 1340 - 2300
Temp °C 12-20 12 - 20 12-20
BODS5 mg/| 125 - 430 150 - 375 150 - 410
COD mg/I 250 - 630 300 - 1200 480 - 1650
T.S mg/l 1120 - 2360 1230 -2510 1600 - 2580
S.S mg/l 36 — 140 60 - 180 85 - 250
PO, mg/l 35-16 3.51-15 3.5-13.3
NO; mg/I 0.31-2.1 0.4-3.9 0.21-2.35
(2) A
pH 6.2-8.0 6.5-8.13 6.37- 1.7
E. C phos/cm 1300 - 1780 950 - 2300 1100 - 2800
Temp °C 12-20 12-20 12-20
BODS5 mg/l 190 - 430 210 - 375 190 - 340
COD mg/l 210 - 500 330 - 1100 300-1350
T.S mg/l 1200 - 2430 1340 -2730 1400 -2615
S.S mg/l 160 — 215 190 - 320 130 - 300
PO, mg/l 8.0- 14 7.08 - 16 4.3-13.0
NO; mg/l 0.21-2.3 0.35-3.2 0.16 — 1.7
(3) Adiua
oailadl (1) ;g8 (2) 8, gds (3) ;a8
pH 6.4 -7.53 7.3-8.2 6.1 -7.73
E. C phos/em 350 - 730 530-1125 510 - 1880
Temp °C 12 -20 12 -20 12-20
BODS mg/l 190 - 430 210 - 460 210 -390
COD mg/l 280 - 820 320 - 1250 318 - 1600
T.S mg/l 730 - 1500 890 - 1800 840 - 2120
S.S mg/l 169 — 198 310 - 680 210 - 630
PO, mg/l 35-15 4.7-12 3.35-94
NO; mg/l 0.36 - 1.64 0.3 -0.83 0.2 - 0.66
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