Chapter 3

Literature Review

3.1 ces of Pollution
3.1:%
pical brewery operation is
shown in Fig. 3. "3. f beer 'is basically conversion of

starch to sug ment the sugars to form

alcohol and car h, malts are crushed or

mashed in warm w h)\ 5 e later slightly cooked in

A :
brewkettle at a s abf;mhﬁv>-- ature of about 65°C (when the
S J_,}r A

breakdown of comp ‘ is rapidly completed)

and then the ‘g; T 3w Wi‘ﬁ t 75°C, at which the
enzymes are inagvate and ions @e brought to an end. The

nutrient aqueous @xﬁract, with @fs amylase, maltose, and glucose,

etc., is MHQ nﬂmihw,ﬂ’]ﬂjhopsl are added for

Y
color, flavor and aroma.‘ Someti 3roa te}~| Hﬂis added for
oI VAND 38U AL TR s o v
most contaminants.

After clarifying and cooling this mixture, the

brewer’s yeast (Saccharomyces cerevisiae) is added. During this time

1'Hops, Humulus lupulus, is cultivated for the papery scales of the female
flower. These are dried and/or powdered for use.
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the yeast produces enzymes to break down the sugars and convert them
principally into COy and CoHgOH (carbon dioxide and ethanol or ethyl
alcohol). After fermenting has been completed, the yeast cell is
settled out from the beer solution. The beer is then aged

("lagered"z) in the pressure-controlled containers at a cool

temperature. The fina the clearing of the beer by

filtration. Then it i tles and sold (Ford, 1971).
ﬁ
% Brewer

\\\i‘

grain and hop

tub and hop strainer,
the wet spent grai ‘ ;: =f5 ola press to squeeze out the
liquid. This liquid  .01ids not retained by the
press is the press is‘discharged directly into the

waste pipe system. T “@ixture’ o ops #ith the spent grains is

o

fa J high fat and protein

.
mal feed.

ﬂUB’B“ﬁEJWEJ\’]ﬂ‘i

e AN AT E Lok T faY:) T

called under-wash water. After the straining of the lauter tub has

dried in steamn-Yeal

content, it makqlﬂexce

been completed, a considerable amount of sludge is left on the under
side of the strainer. This water used to be flushed to the drain

before the next brew.

2'Lager is German for "to be stored".
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Bl ul. 3 Handling of yeast

The surplus yeast occurring in both the
fermenting tanks and the lagering tanks constitutes a major source of
pollution. From the point of view of drainage and for economic

reasons, the yeast is worked

in such a way that the residue beer

is recovered and returned to t " g s. This is done on a rotating
vacuum filter in which the vead éd on a bed of kieselguhr3.
The filtered yeas(' 1 tie ins 0% kieselguhr, is autolyzed

and then pumped to _gre s dry where the yeast is mixed

ting and largering tanks

process, the beer is

fermented and lagered ot n-vertical and horizontal cylindrical

tanks. The cleamin

- ——

The organic load.

er the tanks emptying.

-1“ ch has fastened on the
= o [I!
rge is acidid. astewater resulting from

::::sjuﬁ ﬁ gw ET% W gﬁiqﬁ ‘j\sed in the cleaning
A ASATO HUAGHYNA Y

There are two Meta filters for beer

walls of the ta.rﬂ. The dischs

filtration. In these filters pre-coating is done with the kieselguhr
suspended in water. When the beer is then connected to the filter, a

beer-water mixture is obtained which cannot be directly used. The

3'kieselguhr is German meaning diatomaceous earth powder used for
filter aid.
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beer-water mixture with less than 40% beer content is led to the
waste pipe system. A beer-water mixture comprising 40 - 75% beer goes
to a special retainer tank while that with a concentration over 75%
gas through bottling tanks to bottling. The beer-water mixture in the

draw-off tank is metered c sly into the beer that goes to the

filter. The procedur n the filtration process is

stopped and the re a1 d out of the filter with

water.

\ \:\ ‘in the Meta filters is
\\\ ering process, the used

g into a large container from

not re-used. Af
kieselguhr is flu
with the kieselguhr suspe: = ‘;7 pumped to a 3-stage settling tank
where the kieselg suspé *i“ Ly separated. The settling
‘ j;giis transported to the
j
AU 1N 2 e Yo e

é}l ic and other

alk%ﬂl@ g\ﬂi mnﬁﬁ’j i?juﬁ] n bottles are

cleaned, labels, label glue and remaining extract are released.

tanks are empt

dump by tanker. !D

Almost all of these labels are caught in the washing machines and
removed from a brewery in solid form while the remaining labels leave

the brewery together with glue and extract through the wastewater.
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8:1.%/8 Bottling hall and pasteurization

The main source of pollution in the
bottling hall is beer losses. This occurs primarily when the bottling

machines are started, or from bottle breakage, dripping from filling

'Wd when bottling is stopped in the

wastewater is ca i from the beer pasteurization process.

pipes, foaming prior to ca

evening.

Normally, howeve

passes into the

3.2 General Prope

Brewery wastewater ally characterized by a very high
AT
bIved orga oderately low concentration

—
e

concentration of di

E——— ¥

of suspended -*: “by sedimentation, low
nutrients, and gh temperature (35°- 57'@. The widely fluctuating
flow volume, organfigsloads gnd pHiwalue are commonly found in brewery
wastewateﬂ’u ﬂn@nﬂﬂﬂ@wﬂg fil:jas 8,000 mg/l and as
low as 100?')II mg/1. The_relﬁ:ionship ofxBOD : COD %éried between 0.2
andqwllﬁo\aintimouﬁﬂgruﬂg a}-.LOD is easily
biodeilgradable. A wastewater with COD/BOD ratio near 2/1 is feasible
for biological treatment (Jewell, Eckenfelder & Lavalier, 1971).
Morever, toxic substances such as heavy metals, organic solvents,
etc., are not included in wastewater from a brewery (Meyer, 1973).

Table 3.1 specifies in somewhat more detail the polluting substances

from various stages of the process.
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Table 3.1

Polluting substances from different parts of a brewery (Meyer, 1973)

Source Polluting substances
Mashing &i amino acids, detergent
Straining aPs, amino acids, detergent

Wort boiling
Hop strainer
Hot wort tank
Fermentation
Lagering : 3 A_fi din ‘\ d'protein, beer, detergent
Beer filtering east, protein, beer, detergent

Bottling - “Beér gle 5, detergent

Bottle washin —— = 1 bels, glue, oil,

machines ﬂ ; . gragent, -K ergent, caustic

ﬂUEJ’JVIEJVI‘iWEJ’]ﬂi

3. Boon R wd Brewery Wasfewater

QW’]Nﬂ‘iﬂJﬁJ‘IJ’IT}V]mﬂB

The Boon Rawd Brewery wastewater is a combined discharge

from the brewery and the other plants, i.e., soda water and pure
drinking water plants. The total volume of wastewater per day is now
approximately 4500 m3. A large portion, estimated 80%, arising from
the bottle washing process and the beer pasteurization, is a very
diluted wastewater (COD of approximately 80 mg/l). The remaining 20%,

resulting from the brewing process, is a high concentrated wastewater
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having a COD of approximately 10,000 mg/l (the detail is describes on
the previous item). All discharge is piped via a pump station to the
treatment plant which is located in the brewery. The important
characteristics of wastewater when passing into the treatment plant

are summerized in Table 4.1 in the next chapter.

3.4
nts with Industrial Wastes
=laboratory studies have been initially
investigated in‘the rl;ndi' g;ince 1971, with reactor varying in

ers“andf n_height from 0.2 to 1 m. Numerous

o dkk ;J-H L
o *

volume from 1 to 60/ 1i

results indicate _essgpi trg@tment of a number of wastes with

e

suggested design loadlng rates of 1

a maximum sludge loaaé’In the- f 'ge of legCOD/KgVSS -d. The most
LA :

-

|

0

E 14 KgCOD/m -d corresponding to

t!t

———

relevant resuh; *exyerlments are summerized
[ .

-

in Table 3.2 (Lttinga et al., 1980). |

Simce 1376 the: flivst pllet eXperiments have been
carried out w1th sugar—beet wastes (Lettlnga, 1980). Initially a 6 m3
reactof) ﬁ1tr Qﬁlfhﬁ gfﬁg'éiwas used. La@er, 30 and 200 m3 reactors
were Qreated in order to obtain add1t1ona1 data for des1gn of a full-

scale plant. The results as summarized by Lettinga et al. (1980) are

presented in Table 3.3.

In the period from 1966 to 1977, the Centrale
Suiker Maatschappij (CSM) has carried out an intensive study on the
UASB process treating the wastewater of her beet sugar factories in

the Netherland. The research has been developed from lab-scale to



Table 3.2 Results of some laboratory UASB expgris ---.\“w,: ypes of wastes® (Lettinga et al., 1980).

Waste solution UASB reactor

oD
¢0D Sludge yield

Origin Total Dissolved? VFA reduction factor Temp, Volume  Height

(mg/1) (%) (%) (Rg/RgcoD)  ('C) (liter)  (ca)
Sugar-beet sap, 5000 - 6000 95 nil 95 0.15 30 61 105
unsoured
Sugar-beet sap, 6000 - 9500 80 - 60 4000 - 5000 8 - 84 - 95  0.09 - 0,07 30 18 70
soured (closed - 24 ({diss.) (diss.)
circuit)® 65 - 15 0.1 30 100

o el a2 {total) {total)

Sugar-beet sap, 6000 - 9000 95 5400 - 8g64 98-8 o8-t -
soured (2-stage) y_ (2nd stage] ) %0 - 97 0.04 - 0,03 30 18 10
Bean blanching 5200 9 500 - 150000 8 - 10 9 - 95 : 3 2.1 3
Sauerkraut 10000 - 20000 87 100 - 1500 & g 0.8 QL 24 88 - 93 0,05 - 0,07 30 b 30
Dairy (skimmed 1500 75 ﬂlu EJYQ V] EJ‘ mjw EJ,;] ﬂ 590 0.18¢ 30 18 70
nilk) U

: _ { . e AL
a Values mentioned for the COD load conce hwﬁ]lﬂq ﬂﬁxm M1%qq%¢&|ﬁﬂ EJ
b COD remaining after filtration over a filter BS¥520%b , ! :
¢ Experiments conducted in a clesed simulated wastewater circuit : a known amount of sugar-beet sap solution is supplied continuously in the circuit water.
d Higher values are obtained in case of substrate precipitation (i.e. at a pH fall or in case of overloading).

29



Table 3.3 Results obtained in a 6--3 pilot-plant and 2 "'-. i | scale plant experiments (Lettinga et al., 1980).
W

Influent characteristics . lax i 7 "'?'q Treatment efficiency
based on
UASB
Type of waste reactor l
3 a ’h{\:x;:\\\\\ E b E A i
(m") COD range Soured H\\i Temp. concen. condiss. CODcen.
(mg/1) ’ \* (%) (%) (%
AL
ke » \‘
Liquid sugar 6 4000 - 6000 18 '« 25 . 28 - 32 92 - 95 93 - 98 -
Campaign waste 6 3500 - 4000 75 28 - 32 95 - 80 95 - 98 -
Campaign waste 200 4000 - 5200 70 - 90 g T IR, 30 - 34 87 - 95 - 90 - 95
Potato processing 6 2000 - 5000 Ty - —;:-’ 19 95(92)"l - 94
(lime used as 6 2000 - 5000 ’ O o ‘ 26 95(89) - 98
neutralizing 6 2000 - 5000 2- ~ 30 95(89) - 97
agent) 6 4000 -16500 shiy . }j 35 93(89) - 96
= &
a COD value based on centrifugated samples. ﬂ u EJ q Vl EJ 7] j w EJ’] ﬂ ﬁ
b Econcen : based on centrifuged effluent s*)les and raw 1nf1uent COD values.

o, e AR ATO UM T TR

d Values in parentheses refer to effluent samples that have been allowed to settle for 30 minutes.

€9
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full-scale experiments. Some of the main results of the operation are

listed in Table 3.4 (Pette et al., 1980).

The study of fluid flow pattern in a 30-m3 UASB
reactor (height 6 m, i.d. 2.6 m) was done by means of
stimulus-response experlment th a Li* tracer mixed in a sugar beet
m3

wastewater. It was c gas/d were sufficient to

provide good m1x1n ght of the sludge bed should

4 —
_;Mesults showed that 800 -

2000 mgTOC/1 of inf 7 n- _of organic loadings, and 6 -

be 2-3 m. From

8 m3/m3-d of hydr ) reated with efficiencies

of about 95% at

m3 full-scale r

r used to design the 200
7.5 m and height 4.5 m

(Heertjes & Van D 78 1 tjes & Knijvenhoven, 1982).

denitrificatic vas Ve r»--aik;—;——m-——# i /41-liter reactor (both
approximately ga et al. (1980). Acetate
solution as well as alcoholic wastes have been used as the carbon

source. ﬂuﬂiﬂw{?‘ﬂqﬂ? Table 3.5. Very

satisfactofiy results were obtalned w1th respected to nitrate and/or
AN QS BNV Y B o
rates. It was reported that, with alcoholic waste, a granular sludge
(pellets of 1 - 3 mm in diameter) developed in the course of 6 - 8

weeks.

Christensen, Gerick & Eblen (1984) adapted the 2200

m3 UASB reactor to meet an increased potato processing capacity of a

factory in the USA. At steady-state operation, the COD removal rate



Table 3.4 Treatment Paramete

+1C3MfResults (Pette et al., 1980).
Wz

6 n3 Pi ;I sr— 50" S Pilot plant
—— S— 200 m3 Industrial Plant

Liquid Liquid Beet

Sugar Sugar Sugar

Waste Waste Waste

Parameters May 7 May 77 Dec 77

pH 6.5 Tl 7.1
‘Temperatures (°C) 33 30
COD Load (Kg/m%) 4.0 3.5 4.2
Hydraulic Retention Time (h) 6.0 9.0 7.1
COD Capacity (Kg/ms-d) 11 14
COoD Reduction‘(%) 93 90
Total Sludge (KgSS) 240 1| 0 350 4 1000 6000
VSS in Sludge (%) 75 fa 66 @ 77 84 35
Sludge Load (KgCOD/KgVSS-d) ﬂq@}u El ’J nﬂ‘ V] 5 w El:’r] ﬂ ‘i 0.4 1.3
Gas Production (m3/m3-d) 7.4 ¢ 3. .5 4.7
Gas Production (ms/h) qurll.aﬁ‘ﬂﬁm qu"lﬁﬂqa ﬂ 39,2
‘ 70 20 90 72 83

Methane Component (%)




Table 3.5 Results of denitrification expe e USB process (Lettinga et al., 1980).

Amount of
Nog-N sludge in TS in
Space load Sludge load COoD reduction reactor sludge bed

COD load Influent

3 ““..“..-
(Kg/m"-d) (Kg/Kg-d) (mg/1) /// K\ %) (g/1)
‘ NN \\ () a/

1) Experiments with acetate as C source®

5.0 0.3 - 0.33 288 100 380 20
4.8 0.3 - 0.31 194 99 388 25 - 22
11.1 0.6 - 0.65 178 42 450 42 - 33
2) Experiments with alcoholic—wasteb as C source®
19.7 1.1 2600 89 700 60
18.8 1.1 1590 96 650 47
18.7 1.1 495 0.6 85 700 31
19.7 % 370 ﬂuu’a l Iﬂij Elr]ﬂﬁ 82 700 -

19.7 1.8

a USB reactor : 31.2 liter volume; dlil 19 cm, 110 cm height; stirring : 2 sec at 45 rpm every 1 - 2 min.
b Composition of the undiluted waste; methanol : 380 gCOD/l; ethanol : 201 gCOD/1l; propanol : 81 gCOD/1; butanol : 76 gCOD/1.
c USB reactor : 41 liter volume; d1 = 19 cm; 140 cm height; stirring : 6 sec at 21 rpm every 30 - 45 sec.

99
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was reported to be 85% while the organic loading rate and HRT were 3
KgCOD/mS-d and 21.2 hours, respectively. The 2500 mgCOD/1 of waste

stream was fed at 35°C.

Sayed, Zeeuw & Lettinga (1984) studied the
feasibility of using the UASB process for the single-step anaerobic
treatment of slaughterhouse waste/%ﬁhach contained approximately 50%
insoluble suspended GOD The 30-m S UASB reactor could handle organic

space loads up to 375" 7 /m d at an HRT of 8 hr and temperature as

A W hybrld nea&; r, the upflow blanket filter

a-a-..,

(UBF), which combined_g“QAﬁB reafFQrugn the bottom with an anaerobic

filter (AF) iqgghe upper one-third of the%ré;ptor volume was studied

by Guiot and V%ﬁiDen Berg (1984). The lab-scale UBF reactor (4.25 1)
was tested by dﬂiynthetic soluble sugar waste of 2500 mgCOD/1. The
reactor was 0per&bedbat 27°Cland-at léading’ pates varying from 5 to
51 KgCOD/m3-d. It was found that conversion was over 93% with loading
up to 26‘KgCODVﬁ3~d.'At higher' loading' rate, cqn§ersion decreased

rapidly.

In 1984, there were over 50 full-scale UASB reactors
installed in several countries throughout the world (see Table 3.6).
As can be seen, many types of wastewater can be treated by the UASB
system in a very efficient way. The La Cross, Wisconsin, UASB reactor

which treats wastes from a brewery, is the largest in the world



Table 3.6 UASB-plants installed and commissioned by July 1985
(Lettinga et al., 1985).

Type of Number of Country of Number of Design* reactor
wastewater plants installation plants in capacity volume
: country cited (kecon/m>-a)

Sugarbeet 12 Netherlands i 12.5-17 200-1700
Gernany 2 9,12 2300,1500
1 8 3000
2 approx. 1000
Liguid sugar 1 1 17 30
Potato 10 5-11 240-1500
processing 6 2200
8,5 600

Potato starch 3= 8.5,15 1700,5500

11 5 1800
Maize starch 10-12 900
Wheat starch 7 500
9 2200
11 4200
Barley starch 8. 410
Alcohol 16 700
9 2300
9-10 2100
Yeast 12,9 4400,1800
Brewery 14 4600

Netherlands 1 6-18(24°C) 1400

Z?Zi;i:iﬂum“ﬂmz}s NG, o
RGN T INGTRY

Paper § Netherlands 1000,740
4(20 C) 740
5-6(25°C) 2200

Vegetable 2 Netherlands 1 10 375
canning USA 1 11 500
White spirit 12 Thailand 12 15 3000
Chemicals & Netherlands 1 7 1250
Candy 2 Netherlands 2 11,13 100,50

¥ at treatment temperature 30 - 35°C, unless cited otherwise.



(Lettinga et al., 1984).

Since 1983 the achievement of small-scale UASB

3 reactors performed at 30°C) with the

experiments (30-1 and 50-m
Paper and Board Mill wastewater were presented in the Netherlands.
The COD concentration of waste?ater was in the range of 1600 - 2000
mg/l. In both cases, loading ug{%§’20 KgCOD/m -d or more could be
handled. COD removal was 70%LJeven wheﬁ the HRT was only 2.5 hours.

S aam e v

After good resul+s™ohia

(=%

, | further investigation were started on

70—|n3 and 1000-m }eabto s in 1983. These plants were working
' rJ : ‘
satisfactorily (Ha K liqun, 1985)%

— il

asibﬁlfiy'of the UASB process for treatment

of potato starch wast ater at jbw‘amblent temperatures was studied

A ;J i A.u

by operating two 5. -l reactorsjiﬁf14 °C and 20°C, respectively. The

§ s il

.__.__a

organic space loading natgs ach;evgdvln these lab-scale reactors were

3 KgCOD/m -d d@ 14 C and 4 - 5 KgCODLmEQd at 20°C (Korter and
j — - dJ

Lettinga, 1985).
| ]

- T

: Regently the operatioq of UASB reactor containing
thermophilicagwanular ﬁiudge cultivated on | synthetic feed has been
1nvest1gated. The experlment has been carrled out “in a 5.75-1 (9 cm

d AEaBAR
; d) xeaator. Thq rasultc ﬁf the expeﬂiment with v%latlle fatty acid

as the main substrates are summarized in Table 3.7 (Wiegant &

Lettinga, 1985).

Cail and Balford (1985) studied the development of
granulation, on high strength cane juice stillage (COD ~ 7.5 g/l1), in
an Upflow Floc digester and an UASB. They concluded the use of

synthetic polyelectrolytes in the UF digester during treatment



Table 3.7 Process parameters of UASB reactors

thermophilic granular sludge cultivated on sucrose

o

70

containing

or glucose, with

substrates consisting mainly of volatile fatty acids (Wiegant &
Lettinga, 1985).
Acetate Acids? Acid?
Substrate and yeast + and yeast
extract sucrose extract
Concentration (KgCOD/m3) ‘”} 1 8.02 14.654
‘\ y
VFA(KgCOD/m3) _— : 6.48 13.32
‘-__\z 2 é
non-VFA( KgCOD/m3F =0 : 1.33
Hydraulic rete A% 4.2
Organic loading 2
(KgcoD/m3- 104
Treatment effi 4
Duration® (day 105 182

a The acids were acetate,
b This is L effluent VFA
c With duration the period Gf contint
meant, not the period of mai NCE
4 2T
d These parameters were meéastred in
| L

eding with the
e process parameters given.

rate in a 1:1:1 (w/v)

Table 3.8 Main™ 1
domestic sewagezﬂas in

retention time 8 hours) (Letfinga et al., 1

substrate

mentioned is

UASB plant with raw

e 9.5 - 19°C, liquid-

24-26
9.5-10
Eff?uent CODg;iiter. (mg/l) 100-200 | 150-175, 175-250
COD reduction (%)fi1ter.effl. 65-80 55-70 - 55
COD reduction (%),.u off]. 40-55 30-50 30
CHy production (m3/KgCODinf1.) 0.130 0.090 0.050
Excess sludge production
(KgDS/KgCOD; ¢y, ) 0.195 0.172 0.271
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resulted in a more rapid accumulation of biomass, allowing a bit
higher loading to be achieved and promoted the earlier development of

granular sludge, compared to the UASB reactor.

The experiment of the 21-1 laboratory UASB reactor with
the brewery wastewater had bheen conducted at 35°C. It was reported
that granulation was completely .achieved within 70 days. After
granulation, the volumetric CQP loading rate was acheieved up to 32

KgCOD/m3-d with COD"Femoval of 90% (Wu et al., 1985).

=

rﬂorinvestigaée the feasibility of the meat packing

wastewater treatgentfqith'QASﬂ;At 16° - 25°C, Zheng and Wu (1985)
carried out both 8 33.841J0fslab-50ale and 21-m° of pilot-scale

experiments. The reSults oF the ﬁio experiments were nearly the same.

The efficiency of treﬂtment was behu?en 77 - 83% when loading and HRT

- b

were in the range of 2_; Q,KgCOD/EE;q_gnd 4 - 12 hr, respectively.

i
J
" d

‘LJ, The surveyed papers concerﬁiﬁg the UASB-experimental

works here in Théiland were the following :

Pang {1987 ) ‘nade comparison©f the process performance
with respeét to the removal of solid between a UASB reactor having
Inclined Tube) Settler (UASB/ITS) land “that| ‘of .Gdonventional UASB
reactor. Two 10-L laboratofy reactors (height 65 cm; i.d 14 cm) were
used to treat the brewery wastewater from the Thai Amarit Brewery,
with COD of about 4000 mg/l and operating temperature 35 * 1 °C. In
both reactors, the resulting COD removal was higher than 95% when the
organic loading rate was up to 10 KgCOD/m3—d at 12 h HRT. It was
concluded that the UASB/ITS was 5% more effective for solid removal

than a UASB reactor.



The two-stage pilot-scale UASB reactor with the
volume of 106 liters (height 2.75 m, i.d 6 inches) was used to treat
the actual wastewater from the Greenspot (Thailand) factory. The
wastewater contained 1200 - 1500 mgCOD/1 and was fed at ambient
temperature. The experiment %pve the results, viz. 89 - 94% COD

reduction, 0.4 - 4.8 KgCOD/n#;éigrganic loading and 4 - 48 hr
o

hydraulic retention_ﬁi-es (PiE}yathérn;‘1?86).

— - r -
;Aﬂﬁf er research was on a 250-1 UASB reactor

(height 3.85 m; i }qm) eating the same wastewater except for

e W
d ‘Ji

residual soybean deﬂ fh 3 fractions; corresponding to 13784,
28898 and 43734 'oﬁ‘wé§Féwater. The resulting COD removal
efficiencies were

were 2.76, 5.83 andl 8,74 KgCOD

production was 275.8,_§2§£§ and

~f
46.7% of methe@é (Chitcharoongkiat, 1986)7&;;‘,( )

W/ Pl

:}A recent paper dealing %Eth a successful start-up
of the first full®=secale 3000-m3 UASB reactor in Buri Ram Distillery
Plant of the Surathip Group was published in eafly 1990. The success
was due to the anaerqbic fixed béd and the UASB pilot-plant
experieﬁéesi The?pilotwséale‘dtta obtained indicaﬁedv£hat COD removal
of the wastewater with a COD of ~ 50 - 60 g/1, consisting of slop and
bottle washing water in the ratio 1 : 1, was about 50%. The UASB
process which used intermittent feeding resulted in an easier
increase of the COD loading from 3 - 7 KgCOD/m3—d and a better

granulation improved, compared to the continuous feeding UASB

reactor. Regarding the fixed bed reactor, it revealed a quicker
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start-up result than those of the UASB reactors and a maximum of COD
loading to 10 KgCOD/3—d. These results will be further used to
start-up the other full-scale UASB reactors of the Surathip

Distillery chains in the near future (Verink et al., 1990).

with Raw Domestic Sewage

@76 glerz'been intensive investigations
on the UASB treaﬁﬂff{ ’_

; aw dowaa?‘!wage. The first experiment

was conducted i
2 400 mgCOD/1,
from 5° to 10°
reported. Sugar

(Lettinga et al.,

Iult t height 3
i plant (reactor heig m)

/
experiment fq_g-:iraw sewage w1th__®&§!@0 mg/l using digested

sewage sludge 2 ire of 20°C with a HRT of 22

g the seed, at a

. - {
hours, COD remov 1 eff1c1ency of 60 - 80% was obtained. Slight mixing

» SNy -

Lettinga ‘et al. (1983) presented.’pilot-scale data
foralﬁ Flﬁ ﬂamﬁ mum&q nﬂj anﬂlc wastewater.
At hydraullc retention times as low as 12 hours, 65 - 85% COD
reduction was reported; but with heavy rainfall (i.e., low influence
CODs), COD reduction dropped to 50 - 70%, and at very low CODs, to
less than 50%. Over the course of the experiments, the average total

COD concentration was 163.2 mg/1.
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Lettinga et al. (1984) reported the results of
experiments with raw domestic sewage at lower temperatures and the

results are summarized in Table 3.8.

Fernandes, Cantwell & Mosey (1985) concluded that

the performance data on tweg

mall UASB reactors treating settled
domestic wastewateriofn VH:' . ter Research Centre, Stevenage
Laboratory, essenti: s imm édies by Lettinga and others
o~ treatment removed 50 to
tewater at hydraulic retention

"

periods of 3 to g ,;.ji th snl inimal production of sludge.

)-m® UASB with raw domestic
sewage in Cali, Colom ’&7>4-~ oWn eatment efficiency of 60 -
80% despite the fa m-QTr{ : r COD was less than 300 mg/l

and the wastewater tes around 26° - 28°C (Lettinga et

et lenis

al., 1984). &2
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