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THE STUDY OF MICROBIAL TREATMENT OF NIGHTSOIL
TAIWAN INSTITUTE OF ENVIRONMENTAL SANITATION

Introduction:

There are few sanitary sewerage systems in the cities or towns in
Taiwan. Around 507 of nightsoil in the cities or towas is treated by
septic tank then it is discharged into ditches and rivers. The remaining
half of it 1s collected by the vacuum car. Because of the overload or
unreasonable design of septic tanks, the effluent is the main source of
water pollution. For controlling this situation, the government promulgated
the standard of the septic tank and the quality of the effiuent one year
ago; therefore, the bad situation is expected to be improved.

Concerning the collected nightsoil, it is transferred to farmers to
be used as a fertilizer or discharged.into fish ponds to grow chlorella
as food for fish. Later it is rarely used as a fertilizer or a feed
because of the development of artificial fertilizer and feed. There-
fore, the treatment of the large amount of nightsoil becomes a very
serious problem.

For solving the above problem, Taiwan Provincial Institute of
Environmental Sanitation has run studies on the treatment of nightsoil.
Firet of all, the government constructs a 30 KL/Day nightsoil treatment plant

at Chi-jen, Kaohsiung City, a 20 KL/Day at Pingtung and a 30 KL/Day at Feng-



shang, which use anaerobic digestion for nightsoil treatment and activated
sludge method for its supernatant; Geqerally speaking, although the
efficiency or effect of all the above‘plants can meet the design expecta-
tion, the remaining bulky sludge is still a big problem.
For solving the problem, an experiement by using tha combined
microbial method for nightsoil treatment is tried. This study is based
on solving the above problem by using photosynthetic bacteria (P.S.B.)
and chlorella to decompose the organic matter in nightsoil and to make
it stable. The multiplied PSB and chlorella which contain high protein
can be collected for animal feed.
1. The introduction of tﬁe microbes used at this study
1-1 Photosynthetic Bacteria (PSB):
PSB can be divided into three genus - green sulfuric bacteria
Purple sulfuric bacteria (RSB) and purple non-sulfuric bacteria
GSB and RSB can live only on CO2 a carbon source under anaerobic
and luminous conditions. Therefore, they are not fit to be
used for wastewater treatment. Only purple non-sulfuric bacteria
can bé used for treating organic wastewater.
Purple non-sulfuric bacteria includes two species - Rhodopsendomonas

and Rhodospirillun. According to its fundamental nutrients, purple non-

sulfuric bacteria can be cléssified as the following table:
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Purple non-sulfuric bacteria usually lives on paddies, ditches, canals,

lakes, oceans, activated sludge, soil, etc.

numbers where water is contaminated by organic matter (it has 10

dried soil).

It will be discovered in large

2 - 106 in

This kind of bacteria can live on polluted organic sources

such as low molecular fatty acids under anaerobic and luminous conditions

or aerobic and dark conditions.

Under anaerobic and luminous conditions

it uses light-energy, sulfuret, hydrogen or organic matter tc be a hydrogen

donor to stabliize carbon dioxide for growing. For example, the organic

matter such as low molecular fatty acids can be used as a carbon source.

The chemical reaction is shown as follows:

organic matter bacteria

2H2A + 002

sodium butyrate

light ' 2A + cazo + nzo

C,H,0

R 2Na + 2H20 + CO2 light

5(Ch20) + NaHCO

3

If it is under aerobic and dark conditions the bacteria will oxidize

and decompose the organic matter to obtain energy; therefore, it can still

grow without light-energy.

The special characteristics of PSB is shown in the following table:

basic.hydrogen

growing the ability growing.

genus species basic
donor carbon factor to stabilize condition
source nitrogen
green sulfuric Chlorobium HZS, H28203 CO2 - - anaerobic
bacteria luminous
Chlorobactenaceae except organic
’ matter
purple sulfuric Chromatium HZS’ H28203, Hz CO2 - + anaerobic
luminous
bacteria sometimes use organic
matter
purple non- Rhodo- H2 CO2 + + anaerabic-
sulfuric spirillum luminous
bacteria Rhodo- organic matter especially aerobic-
pseudomonas organic dark
Athiorhodaceae matter aerobic-
luminous



From the above table, it is known that PSB can stabilize carbon dioxide
and nitrogen (it is discovered that purple non-sulfuric bacteria have the
ability of denitrification), and part of it can use organic matter as a
carbon source. Consequently, it plays a very important role in the material
recuclation of nature.

1-2 Chlorella

Chlorella used in this study is ball-shaped, single-cell, green chlorella.
Its diameter is about 3 u to 10 u. Theoretically, aerobic bacteria uses
oxrygen of its own product or dissolved oxygen to oxidize organic matter.

The waste products are COZ’ NH3, PO4 and 804. Then chlorella uses light-
energy, CO2 and trace metal to proceed photosynthesis to synthesize its own
new cells and to release oxygen. The oxygen is an acceptor of hydrogen under
oxidizing conditions. This interaction among organic matter, chlorella and
PSB can oxidize the organic matter to become stabilized material in a very
short time. This is what we called the mutualism of chlorella and aerobic

bacteria. The following figure shows the metabolism of organic matter.

wastewater D.O. chlorella

(organi*r: \ /new cell)
chlorella
(aerobic) (photosynthesis)

Bacteria HZO, COZ’ light
NHS’ PO

SO

\

Bacteria

/

energy
4?

4
The following fundamental and chemical reaction formula represents

mutualism of chlorella and Bacteria.



co

+ o0 Shiorella Light enerey (cu,0) + 0, + H,0

Bacteria

Stabilizing organic matter in sewagé fundamentally bases on the

aerobic decomposition. Aerobes uses oxygen as energy a source to do

their metabolism as well as new cell synthesis.

2. The introduction of major facilities used for this study.

(1)

(2)

(3

(4)
(5)
(6)

¢))

Nightsoil storage tank: the storage tank is a R.C. structure of

1 M3 capacity. A bar screen is installed at the inlet of the tamk
to remove the coarse matter in the nightsoil;

Nightsoil pumpL A 3 Hp sludge pump is installed on storage tank

to pump nightsoil from the tank to aerqbic digestion tank.

Two aerobic digestion tanks: Two existing anaerobic digestion tanks
are used as aerobic digestion tanks by adding aerators inside; The
tank is a R.C. structure. Its diameter, effective depth and volume

3
are 2.5m, 2.5" and 12.25" respectively. The supernatant is

released at the mid-part of second tank.

Blower: Using a 2Hp air compressor instead of blower for aeratiom.
Air flow meter: Dry Type Flowmeter.

PSB and chiorella culture tank: An existing high rate stabilization
tank is used as a culture tank. It is a R.C. structure and its
length, width and depth are 10m, 12m and 60°™ (the effective depth
is adjustable) respectively. This tank is divided into four culture
systems by four guiding flow baffles. The effective volume of each
system is 18m3. At the end of each tank, there is a collection tank
for storing the cultured liquid. This liquid will be transferred
to centrifuge or another incubation system.

Centrifuge (sharpless): (a) AS-6, 15,000 rpm open type centrifuge



is moved by a 2 Hp TEFC motor (220V 3 phases, 60 cycles). 1Its
treatment capacity is 800-1,000 liters/hr for chlorella collection.
(b) A laboratory use centrifuge, 20.000 rpm X 4 tubes x 50 ml is
for PSB collection.
3. The procedure of this study
Primarily batch tests are run to obtain some optimum data. Then
these data or control parameters are used for running continuous operation
of the pilot plant.
The optimum parameters obtained are explained as follows:
3-1 The pre-treatment of nightsoil
Aerobic and anaerobic digestion methods are used for the pretreatment
of nightsoil to decompose high molecular organic matter such as protein,
fat, cellulose, and starch to low molecular organic acid such as amino acid,
fatty acids and ammonia. Between these two methods, anaerobic digestion
is ver& good for the decomposition of organic matter in nightsoil. Although
it does not need to have high operational technique to handle it, the duration
of digestion is rather long and the demands of constituents of supernatan;
are difficult to control. Therefore, this method is not fit to be a pre-
treatment for the incubation of PSB. And aerobic digestion used as pre-
treatment of nightsoil has many benefits such as short duration of digestion,
simple structure of treatmeét tank, cheap initial cost and low content of
ss in supernatant (good for chlorella collection). The defects of this
method are the large quantity of digested slu ,e and the bad odor in aeratiom.
Comparing to these two methods, the aerobic digestion method is adapted
in this study for the pretreatment of nightsoil. The control parameters

are as follows:



(1) BOD loading 1.9 Kg BOD/m> of digestion tank/day as
BOD 2500 ppm of supernatant.
BOD loading 3;1 Kg BOD/m3 of digestion tank/day as
BOD 8000 ppm of supernatant;
(2) 80 m3/day of air for removal of 1 Kg of BOD.
{3) Optimum durétion of digestion is 4 days. When entered
supernatant for culture is of BOD 8000 ppm.
3-2 The culture of PSB
PSB can be cultured under anaerobic and luminous conditions
or aerobic and dark conditions.  According to the result of the study
for the culture of PSB, the optimum BOD range is between 4000 to 5000
ppm under anaerobic luminous conditions and between 7000 to 9000.ppm under
aerobic dark conditions. The efficiency of purification of nightsoil under
anaerobic conditions 1is worse than that under aerobic and dark conditionms.
Besides that, the technique of the culture of PSB under aerobic and dark
conditions is difficult to control. Therefore, the method under aerobic
and dark conditions is not éuitable for the treatment of nightsoil.
The optimum control parameters under anaerobic and luminous conditioné
are as follows:
(1) The optimum BOD range of aerated nightsoil with seeding
PSB is 2,000 - 3,000 mg/1.
(2) The best culture liquid for PSB: 30Z nightsoil and 70Z
PSB liquid (it is a settled liquid which cultures PSB).
(3) The aeration facilities instead of a slow mixer is used
for good mixing nightsoil and PSB.

(4) BOD loading of culture tank is 2 kg/m3/day.



3-3 The culture of chlorella
The culture of chlorella with nightsoil should be based on the maximum
production of chlorella and the best BOD removal of nightsoil.
The decision of the optimum effective depth of the culture tank and
the duration has to be based on .the above mentioned condition.
The optimum resul;s are as follows:
(1) The optimum BOD of culture liquid is 400-420 mg/1.
(2) The optimum depth of tank is 305"
(3) The duration is 3 days.
4. The result of this stqdy
4-1 The physical and chemical states of raw nightsoil
pH7-9
BOD 8,000 - 15,000 mg/1
coD 18,000 - 30,000 mg,/1
Total sblids 22,000 - 32,000 mg/1
Chloride 5,500 - 6,500 mg/1 -
NH, - N 3,000 - 4,000 mg/1

3
Phosphorous pentoxide P,0. 1,000 - 2,000 mg/l

275
Potassium oxide 2,000 - 3,000 mg/l
Total count 108 - 1010/ml
MPN 107 -109/m1
Ascaris ova density 40 - 100/ml

Viable percentage of ascaris 60 - 90%



4=2 The result of aerobic digestion treatment

(1) Unit operation

BOD
Duration (day) pH ppm removal (%) Total solids (ppm)
0 7.8 12,500 - 31,200
1 8.6 11,500 8 29,010
2 8.6 10,650 “15.6 25,720
3 8.6 9,000 28 20,400
4 8.7 8,000 36 18,320
5 8.8 7,000 44 15,780
6 8.9 6,020 51.8 14,240
7 8.9 5,000 60 14,010
8 8.9 4,200 66.4 13,950
9 8.9 4,000 65 13,780
10 8.9 3,500 72 13,570
11 9.0 3,000 76 | 12,280
12 9.0 2,700 78.4 11,350
13 9.1 2,400 80.8 10,298
14 9.1 2,100 - 83.2 8,610
Explanation: 1. Entered raw nightsoil 12.25 m3/ounce

Total BOD 12,500 x 12.25 x 1073

= 153.13 kg
Aeration 7 m3/min.
Check: 153.13 Kg BOD x 85.2% removal = 127.4 Kg

Total air quantity per day = 7m3/min.x 60 x 24 = 10080 m3/day,

10



The demand of air quantity for 1 Kg BOD removal =
10080 m3/day = 127.4 kg/day
79.1 m>/Kg BOD = 80 m>/Kg BOD
(2) Continuous operation .
The quantity of nightsoil: 1.75 KL/day

The aeration quantity: 60 m3/hr

11



The tested results

Entered nightsoil supernatant supernatant Remarks
of first of second
Duration digestion digestion
tank tank
(day)
pH 30D (mg/1) pH__ BOD (mg/1) pH_ BOD(mg/1
0 7.7 12,400
1 7.8 12,600
2 7.7 12,550
3 7.6 12,400
4 7.7 12,500
) 7.4 11,900
6 7.8 12,800
7 7.6 12,000 8.1 .5,620
8 7.8 12,400 8.25 5,480
9 7.7 12,600 8.25 4,930
10 7.8 12,700 8.30 4,850
1 7.85 12,800 8.30 4,840
12 7.7 12,500 8.30 16;&29
13 7.4 11,900 8.25 “4,;800
14 7.4 10,950 8.35 .4,810
15 7.6 12,450 8.20 4,790 8.9 2,230
16 7.8 13,200 8.20 4,870 8.8 2,160
17 7.8 12,800 8.20 4,800 8.8 2,120
Average 7.67 12,413 8.24 4,964 8.83 2,170

Check: The BOD removal at first digestion tank:
(12413 - 4964)/12413 x 160 = 59.92
The total BOD removal:
(12613 ~ 2170)/12413 x 100 = 82.4X
BOD loading of aerobic digestion tanks:
12613 x 1.75 x 1073/26.5 = 0.9 kg/u>/D
The loadiny at first tank:
12403 x 1.75 x 1073/12.25 = 1.76 kg/u’/day
The quantity of BOD removal:

(12613) - 2170) x 1.75 x 107

= 17.92 kg/day
Alr quantity used 60 m>/hr x 26 = 1440 u>/day
Alr quantity demand per kg BOD

1440/17.92 = 80.3 m>/day = 80 m>/day
12
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4=3 The FSB culturc experiments
(1) Unit opcration
A: PSP culturc with nipghtsoil under anacrobic and luminous

condition.
; — —
item Volatile acid my/l | BCD mg/1
ration’’ I P, ‘
i‘esult o 4 l l
r . - . ] !
copbinationl.| O |1 12 (35 {8 | 0 1) 2 i 34 4| 5 removal %
T a4 [ g |
Blank 1543 561(] 15794 bd:].l?/}o a1l 050 0 Nn.turall
546( 57¢ 60 11150 11019 £600 remova
(100% raw ? ! > 26.7%
nightsoil) i i i :
* |
I | ; ' |
(30% rew wad  heed  josd | 4862 al0d  Rosq | Actual
nightsoil 1470 (114 7ed 4704 3650  |<620 rémoval
704 PS B ) Lo , 46.1-26.7
' | § | =19,4%
I i
(50% raw ltog  palC (R 0 5542 4525 3004 Actual
nightsoil 161C 1c»5q ;138 e 2124 3240 removal
504 PS B) i 41,5-26.7
. i =14,6%
;‘
III §
(70% raw log  Rs3q |00 i 714 62501 500C Actual
. nightsoil 1540 {1020 65} 7019 5071 4670 removal,
30% PS B) | , 33,3-26.7
{ ! =6,6%
B. The PSB culturc svith <-days werobhic digestion liquid
under anzerobic and lumineus condition.
tom | Volatile acid ng/l BOD mg/l

\cglration - T T

resuit . i BOD

vario sl1l2lsjalsictr|als]|als removal
combinn IO 4

Blank | : :

100% 01 2200 [RAK if:'(.?(i 7ed  [reed .
digestion 212( 72 50 R4E(] 17964 776( 7200 natural
liguid removal

‘ 10.6%
T —

30% digestion 66 724 219 r’?‘w.‘ 1704 812 Actual
liguid 854 57C LA R (0 1044 - | 790 removal

7% PSB €7.6-10,6

=57%
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II ! |
50% digostion | 134 |end |exd wed  ©oaq  R3IC Actual
liquid 1124 7 and Iseed  jesed 2040 remcval
50 P S B N 49,7-10.6
| =39,1%
111 3
70% digestion | 1564 ood !e7d o |s43Q  [A57C Actual
liquid {1320 45Q goq  levad 5014 (3850 removal
l H ' 4302%
C. The PSB culture with 7-day acrobic digestion liquid under
anaercbic ond luminous condition,
TN item Remark
N TS | Volatile acid mg/l B OD m/l DArks
duration - l
:':zu]} i BCD
artoas~. > | o] 1| 2! 5l al si o] 2] 2| 3} s} s removal
N i ! %
combination !

Blank ? ; Natural
100% hced 1o RlQ 514G M7AQ 379 removal
digesticn 176C 100( 'mnq Ly (4018 {3640 29,10%4

Ny | t
1 i Actual
0% digestion +€0 42d 41d 1610 | oed 83 removel
liquid ssd 4 lad hzeq  esd 1770 52.1-29,1
0% P S B | =23%
I I Actual
50% digestion | 7¢Q 734 824 LAV V(v Y 124(J removal
liquid 764 660 s7q  joe) 1132 1010 £2,1-29.1
50% P S B =30%
111 Aciual
70% digestion 150 1204 " ! 6K 325 " 1e6eq 1 removal
liquid 132 | 72 eid  310od feed 1320 52.6-29,1
ug P S B R =29.7%




From the above A.B.C. tables, first of all, it is very clear that
the high molecular organic matter is difficult to be decomposed by PSB.
Therefore, the effect of B 0 D removal is not good in (A) case. Secondly,
in (C) case, the BOD content of the 7-day digestion liquid is much more
diluted, its range is about 5,000 ppm. If the liquid is mixed with PSB,
the BOD range is only 1,600 to 3,200 ppm. From the result, it is shown
that the digestion effect becomes slow after the third day. Generally
speaking, case (B) is the best one. The four days BOD loading of aerobic

digestion tank is 12,413 x 1.75 x 10-3/1.75 x 4 =4.1 kg/m3/day.

15



(2) Contimous opcration
a,. 'l]’ggsvohunc of dipestion tank ldn(l)xSm(")xO.Gm(m-

b, Entered acrobic digestion liquid = 4.8%5/day

kind | Inflow (scrobic digestion Effluent (after 4A-day
tem liquid) : cylture)
resblt . Remarks
\?Q pi | Yolatile acid| B OD p {Volatile | BOD
durat.,l._\_n . acid
0 €47 2020 £025
1 8,75 | 2010 8010
2 8.60 | 2240 8948
3 B8.72 | 2005 8020
4 §.70 | 2050 ‘640
3 8.75 | 2040 8890 g.60] 27 " 900
6 6.60 | 2280 900U 8.90| 3.0 790
7 e.72 | 2060 8870 9,0C| 305 770
8 8.70 | 2040 p210 8.080| 350 800
9 8.85 | 1990 796G 0.90] 340 790
10 8.70 | 2000 81CU 9,00 a3 780
Average 18,70 | 2003 ! 8368 8.000 331 760

16




Check: (1) BOD removal 2023-780/2023x100 = 61.3%

(2)

Elplanation:

Actual BOD removal 61.3-10.6=50.7%

BOD loading of culture tank

8368 x 4.5 x 10~

37.66 kg/18"/day

(1)

(2)

(3)

3 _ 37.66 kg/day

2.09 kg/m>/day = 2 kg/m’/day

For thorough contact between digestion liquid and PSB,
the air bloﬁing pipes are installed on the bottom of
the culture tank and the blower homogeniously blows the
air at 0.lm3/m3/hr into the tank for good mixture.
Owing to lack of collection facilities, PSB can not be
separéted from the liquid. For the continuous opera-
tional use, the gffluent is settled for 30 minutes.
Then the supernatant is diluted for the use of chlorella
culture.

At the beginning of the operation, 12m3 of adjusted
PSB, liquid is put into the tank, then digestion
nightsoil liquid is thrown 4.5m3 every day. And jthe

analysis of some control parametes is run for understand-

ing the treatment effect from the fifth day.

17
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4-4 The chlorella culture experiment:

This exper

both summer and winter seasons.

jment is based on the optimum control parameters to run in

The digest liquid after culturing PSB is

diluted to two times for the continuous operation to culture chlorella.

The result is as follows:

Winter season

season summer season
result Inflow Ef fluent Inflow Effluent
item
BOD, mg/1 398 27 410 28.5
BOD removalZ 93.1 93.4
COD mg/1 1280 268 1190 270
DO mg/1 4.3 25.4 6.0 18
(am 8:00) -(pm 2:00) (am 10:00) (pm 2:00)
pH 8.1 8.7 8.12 8.7
(am 8:00) (pm 2:00) (am8:00) (pm 2:00)
Total 283 112 210 105
nitrogen
mg/l
Poa mg/1 48 22.2 43 20
Explanation: (1) The effective depth of the culture tank 1is

30°®, the area 23.9"2 and the volume 7.17"-.

3

(2) The entered liquid is 2380 liter/day and the

duration is 3 days.’

18



(3) The BOD loading of culture tank:

398 mg/1x23.8 Kkl x 1072

= 0.9472 kg/day
0.9472/7.17 = 0.132 kg/m>/day

4-5 The collection of PSB and chlorella.

(1) PSB collection

The 4-day PSB cultured liquid is sampled for PSB collection with a
laboratory centrifuge. The continuous operation was run for three months
and the collection test is run every day. The PSB obtained is 0.4 gram/1
of culture liquid on dry basis. That means one ton nightsoil can culture

PSB and obtain the quantity of PSB as follows:

100 kg x \. 99=990kg digestion liquid (17 of solids and sludge
removed)

1,000 x 1,000 = 404 g = 0.404 kg (dry basis)
990

0.4 x
(2) Chlorella collection
The chlorella cultured liquid flows into storage tank, then it is
pumped to the centrifuge (15,000 rpm, sharpless) for chlorella
collection. The obtained chlorella is 420 g/m3 of cultured liquid on dry

basis.
But under continuous operation conditions, the result will be as
follows:

m3

1~ chlorella cultured liquid=0.5m3

PSB cultured liquid
0.5m3 PSB cultured effluent=0.5/0.99=0.505m3 raw nightsoil.
Therefore, one ton nightsoil can culture and cbtain chlorella

420/0.505=831 g = 0.831kg on dry basis.

19
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5. Conclusion

The nightsoil treatment with PSB and chlorella can save more than
20 days on duration time, comparing to that by anaerobic digestion with its
digested supernatant treated by activated sludge or trickling filter method,
and more than 10 days comparing to aerobic digestion method. Especially,
this treatment method can prdduce the byproduct-PSB and chlorella as animal
feed and very little sludge and few pollution problem. Generally speaking,
it is suitable for the use in Taiwan Province.

In the aspect of flowing sheet, first of all, the nightsoil is settled,
then pumped into aerobic digestion tank for 4-day aerobic digestion. Then
the digested liquid is centrifuged to remove coarse material and sludge.
Finally, the treated liquid is very good to be used for 4-day PSB culture
and 3-day chlorella culture.

For making this treatment method widely accepted, the operation con-
dition should be easy and the initial and maintenance costs, economic.
Therefore, the depth of PSB and chlorella culture tanks is a keypoint. The
problem of how to increase the depth of the tanks to save the land area and
still have good PSB and chiorella collection is expected to be further

studied.
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1.

APPENDIX

The plan for microbial nightsoil treatment plant

Taiwan Institute of Environmental Sanitation

The outline of the treatment plant

(¢))
(2)

(3)

(4)

Design capacity: 20 k1/D
Thé constituent of raw nightsoil: BOD : 12,500 mg/1
Total solids: 3:2

Treatment procedure: The nightsoil is pre-treated to remove grit,
then it is treated by aerobic digestion for
4 days. After that, the settled material is
removed by decanter, and the digested liquid
is used to culture PSB for 4 days. After the
collection of PSB, the liquid is diluted.to
two times to culture chlorella for 3 days.
This liquid is centrifuged to collect
chlorella, then it is chlorinated and dischargea.
Those collected PSB and chlorella can be dried

to be used as feed material.

‘Design basis:

A. The capacity of nightsoil storage tank:
20m3/day
B. Aerobic digestion tank:
BOD loading 3.1 kg/m3/day
Air: 80 m3/D for removing 1 kg-BOD
BOD content of effluent: 8,000 mg/1

Duratioa: 4 days
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C. PSB culture tank:
BOD loading 2 kg/m3/D
Effective depth: 60 cm
Duration: 4 days
D. Chlorella culture tank:
BOD loading: 0.132 kg/a3/D
Effective depth: 30 cm
Duration: 33 days

E. Discharged effluent: BOD 20-30 mg/1

2. Loading Computation
2-1 Grit chamber
(1) nightsoil loading: 20 k1/D

(2) duration: 4 hr.

(3) Demand capacity: 20 xi% = 3.3 m3

2-2 Aerobic digestion tank

(1) nightsoil loading: 20 k1/D

3 = 250 kg/D

(3) Tank capacity: 250/3.1 = 80.6 m3

(2) BOD loading: 12,500 x 20 x 10

(4) Air quantity demand: BOD removed: (12,500-8,000) x 20 x 103
= 90 kg
Afr: 90 x 80 = 720 m>/D = 30 u’/hr = 0.5 n’/nin

3

(5) Digested sludge and various residue: 20 x 17 = 0.2 m™ = 20011/D

2-3 Storage tank

storage nightsoil =20 m3/D

A-2



2-4 PSB culture tank
(1) Entered digestion liquid 20 x 99%=19.8 k1/D
(2) BOD loading 8,000 x 19.8 x 10> = 158.4 kg/D

(3) Tank capacity 158.4/2=79.2m (26.4 m2)3

(4) mixing air quantity 79.2 x 0.1=7.92 m3/hr = 0.132 m3 min
2-5 PSB liquid storage tank
(1) Entered digestion liquid 19.8 k1/D
(2) Duration: 4 hr.
(3) Tank capacity 19.8 2% = 3.3 m3
2-6 Dilution tank
(1) contact time: 5 minutes

(2) Ténk capacity: 19.8 x 2 = 1.65 m3

2-7 Chlorella culture tank °.

(1) Entered digestion liquid and dilution water: 19.8 kl x 2
= 39,6 k1/D

(2) BOD loading: 400 x 39.6 x 10° = 15.84 kg/D |
(3) Tank capacity: 15.84/0.132 = 120 m3 (400 m?)

2-8 Chlorella liquid storage tank
(1) Entered chlorella liquid 39.6 k1/D
(2) Duration: 4 hr.

(3) Tank capacity: 39.6 x 4. 6.6 m3

24
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2~9 Chlorination
(1) Discharged effluent: 39.6 m3/D = 1,65 m3/hr

(2) Chlorine quantity: Chlorine dosage 15 mg/l
1.65 x 15 x 10° = 0.02475=0.025 kg/hr
(3) Tank capacity: 32.6 x 15/60/24 = 0.4125 m3
2-10 Mechanical facilities
(1) The nighfsoil quantity pumped from grit chamber to storage
tank is 20 k1/D, and the pumping duration is 2 hours. There-
fore, the pumped quantity is 10 m?/hr (0.17 m3/min)
(2) Decanter for removing sludge and various residue
Nightsoil quantity: 20 k1/D
Operation time: 3 hours
Treatment quantity: 6.7m3/h;.
(3) Blower

3 - 80 kg/D

BOD removal (12,000-8,000) x 20 x 10
Alr quantity 80 x 80 = 6,400 m>/D = 266 m>/hr = 4.4 m /min
(4) Aerobic digestion liquid pumped into PSB culture tank is
19.8 k1/D that is 0.014m3/min = 14 1/min
(5) PSB culture liquid pumped to centrifuge is 19.8 k1/D
= 0.014 m3/m1n
(6) PSB centrifuge: treatment quantity 825 1l/hr
(7) PSB oven: the computation for getting centrifuged thiqk

liquil quantity:

The water content dried PSB is 102
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Bulkdensity 65.5g/100 ml
PSB cultured and collected from 20 k1/D of nightsoil is
20,000 1 x 0.4 g/1 = 8,000g
the volume will be 8,000 x 100/65.5 = 12,213 ml
Then the centrifﬁged PSB liquid (70% water content)
1s 12213=y x &L = 07

(1-0.1

v = 12213/0.33=37,000 1 = 37 m°

The drying thickness of a layer is 10 cm then area demand
is 37/0.1 = 370 n?
The drying duration for one layer is 50 minutes under 60°C

and 10 minutes for extra, then the total duration is one hour.

Taking 8 hours/D as the operation time, then the area demand
is 370/8 = 46.25 m’
(8) Dilution water well and pump:
water demand: 19.8 k1/D:19.8/24/60= 0.14 m3/min
use 1%" p x 1.5 kw purp
(9) Chlorella liquid pump to centrifuge
19.8 k1/D x 2 = 39.6 k1/D = 0.28 uw’/min
(10) Centrifuge for collecting chlorella 39.6 m3/IFl.65 m3/hi
= 1,650 1/hr
(11) Chlorella oven

drying quantity 39.6 m3/D=1.65 m3/hr=1,650 1/hr
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The centrifuged thick liquid:

dried chlorella 10% water content

bulkdensity 65.7 r/100ml

chlorella cultured and collected from 20 k1/D of nightsoil
is 20,000 1 x 2 x 0.42 g/1 = 16,000 g

its volume is 16,000 x 100/65.7 = 24,353 1

then the volume of centrifuged chlorella liquid (707 water

(1-0.3)

content) is 24353 = v x (1-0.1)

If drying thickness of a layer is 10 cm then area demand is
73.8/0.10 = 738 m°
Operation time uses 8 hr/D then the necessary drying area will
be 738/8 = 93 n’
(12) PSB and chlorella collection
If water content is 10%, PSB quantity is 8 kg and chlorella 16 kg.
use only one crusher for both PSB and chlorella. 4 hours for PSB and
4 hours for chlorella. Then the treatment capacity of the crusher
will be 16 kg/4 = 4 kg/hr,
3. The shapes and dimensions of various tanks
3-1 Grit chamber
shape: rectangle, the slope of the bottom 15% R.C. structure
Dimension: 1length 5% x width 1% x height 1 (effective height
0.7")

- 3.5m3 (the volume for storing grit not included)
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3-2 Aerobic digestion tank

3-6

Shape: square, covered R.C. structure with vent hole (waste
gas will be removed from vent hole through odor removing tower)
Dimension: length 4.2" x width 4.2" x height 5.3" (effective
height 57) = 88.2 m>
Storage tank:

Shape: rectangle, the slope of the bottom 157 R.C. structure

Dimension: length 5% x width M x height 2.3" (effective height

Zm) = 20 m3 (the slope part not included)

PSB culture tank
Shape: Open square, R.C. structure with 4 guiding baffles

Dimension: length 5.2" x width 5.2"

x height 0.9" (effective height 0.6™=27m>

PSB liquid storage tank:
Shape: square, R.C. structure with steel cover

Dimension: length 1™ x width 1™ x height 3.6 (effective height

3.3 = 3.3 o°

Chlorella culture tank
Shape: Open square, R.C. structure with 4 guiding baffles
Dimension: lenght 20" x width 20" x height 0.6" (effective

height 0.3%) = 120™3



3-7 Chlorella liquid storage tank:
Shape: rectangle, R.C structure with steel cover
Dimension: length 2™ x width 1" x height 3.6 B (effective
height 3.3%) = 6.6™ - |
3-8 Chlorination tank
Shape: ditch shape, R.C structure
Dimension: length 2™ x width 2% x height 0.42" (effective
height 0.12") = 0.48“3
4, Mechanical facilitie?:
(1) Nightsoil inlet: its diameter is 20 CL, it is casted with FC
20 cast iron and water sealed.
(2) Nightsoil pump (pj): use two pumps (one spare)-50¢ 0.75kw
935 rpm 0.06 m /min lifting height 3.5".
(3) Nightsoil pump (pz): use two pumps (one spare)-50¢ 0.75kw

935 rpm, 0.06 m3/min 1lifting height, 3.5°
(4) Blower: usetwo rotary blow'rs (one spare) - 5.5kw, 4.5 m?/min

(5) decanter: use two units (one spare) - its 40L, the treatment
capacity 7 m3/hr.

(6) diaphram pump: use one pump - 15 1/min, 0.75 kw

(7) nightsoil pump (p3): use two pumps (one spare) - 50¢ 0.75kw,

935 rpm, 0.014 m>/min. lifting height 3.5"
(8) PSB centrifuge: use two sharples units (one spare) - 3.75kw,

20,000 rpm, 1,000 1/hr.
(9) PSB oven: use one box-type oven -eight layers, 6m2 for one layer,

10 kw drying fan x 2
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(10)

(11)

(12)

(13)

(14)

(15)

dilution water pump: use one pump - 1l x 1:5kw

nightsoil pump: (p4): use two pumps (one spare) - 80¢
1.5 ¥ & 1,720 rpm, 0.3 ™/min.

Chlorella centrifuge: use three sharples (one spare)

15,000 rpm, 2 hp, 1,000 1/hr.

Chlorella 6ven: use two box-type ovens - 8 layers, 6 mZ/
layef, 10 kw/drying fan x 2

Crusher: use one Hammer Mill - type - 5 kg/hr. 2.25 kw

Chlorinator: use one chlorinator - 0.4 kw, 0.025 kg/hr..



Itom Specificz.tion | Quesitity | ° M-dset temmark s
(4n.T.dollar) | -
A, ’
¢ivil engincering
Grit chamber 3.5 m3
R Ce structury i 14,000
Aeroic Jijzz- Olgi o 4
tiou teuk R.E. structurd = 352,806
Storage tark 20 m’
.2 structure - £0,000
PSB c.lture 27 n13
tank R.C structure - 108,000
PSB storage 33 ".3
tank R.C structure - 13,200
Chlorella cul- 3
ture tank 120 m
} R.C structure - 480,000
Chlorella | 6.6 m3 :
storage tank R.C structure - 26,400
/ —
Chlorination.. 0.48 md
tank R.C structure - 2,000
lanagement .2
room LOO m - 800,000
Total 1,876,400
B.
. ical
! gg&ﬁ%ies
Inlet *.C 2 20,000
Nightsoil punip
(p1) 0.75kw x 2 » 60,000
(p2) 0,755V X 2 2 60,000
Blower 5.5V x 2 2 200,000
Decanter ok x 2 2 000.000 altema‘tive' ‘dram - .| -
P2 3,000, screen 1 HT.6C0,CO(
Diaphram pump 0.75 kw 1 49,000
Nightsoil pump
tpﬁ 0-75kw x 2. 2 40,000
PSB centrifuge |3.75%W x 2 2 200,000 |
| PSB oven 10kw 1 150,000
Dilution punp 1,587 1 10,000
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Nigiitsoll rmuen; . ] o l |
(py) | 1.5 x 2 2 0,000
Chlorella K ' !
e easd ~
centrifige > %3 - 740,020
Chlorella oven 10 =7 5 2 2 300,000
)
Crusher 2,25KY« . 60,00G
Chlo-inator 0. Uk i 22,000
Total 7, Lk it , 442,000
C.
Others
water supply and 1 i 120,000
electric facilities
Wall & Road 1 30,900
Total , 200,000 if use drum
; screen the grand
. [e 20 1) *
‘ : 4,118,400

6, Maiatenzice Toul
(1) Cost for 2lectricity: 57 4 x 5!:_r(average) x 0.8
vot,colien/icyar x 365 day=127,60h N.T./year
(2) Cost for repair: 6,518,4CY x L = 55,1684 N.T.dollar/year
(3) Chemicals : A. Chlorinz 0,025i7/m X 2l % 365:219kg/year
219 kg/yeax x 200 N.T./kg =1438001.T.dollar/year
B, Others 87,412 N,T.dollar/year

(4) Personnel expenses: Op<rator | person 4 ,50CH.T. /month x 12 month
= 54,0001, T.dollar/year

Technicien " "
Technical
lavor 2 x 4,000 x 12 =96,000. "
Labor 2 3,000 x 12 =72,000
Total 276,000 N.T.dollar/year

Grand toual: ‘
P57 50U +65 , 16U-+43 ,800+87 , 41 W2+276,000
-:600,000 I'.T, dollar/year
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