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This paper is prepared by Mr. G. Clonfero, UNIOO Tannery Effluent Treatment 
E.'Cpert during a t'-=o-week mission in Ethiopia for the project l'S/R.\F/92/200. 

The purpose of the mission was: 

1 • Nalbandian Tannery 

To prepare a design for the effluent treatment plant t.:i th 
flu.xgrams, equipnent specifications and cost estimat.es. 
includes sludge handling arrl disposal. 

2. Ethiopian Pickling ard Tanning 

appropriate 
The design 

'lO prer-ere a design for the effluent treatment plant (both primary and 
secondary including the treatment of sludge) with appropriate fluxgrams; 
to assil"t in t_!-:.., desigr: and/or :a&ptation of the -::.-i\·!l t•c:ks for the plant 
and tu prepar~ speci ficatior.s ~-ur the equi1r..en: req'..:ired t.;i th ccst 

estimat-=~. 

3. Dire and Wallia Tannerie~ 

To improve the efficiency of the existing systems (including the handling 
of sludge of tanneries with similar problems. 

The e::-~rt dsited t\·:ice all the 3oove listed t.an!";eries t•it.h Mr. Seym.un 

Hailu, Natiorial Exr~rt. 

Durin~ ·.!--w '. i si t.s al: lh-:- ·~at~ c~ th<:> proposal~ k-:·:e t~n explained and 
di ~cu~-~ed; t'..~ an~ i >-:1lil.. ,::.,, 12 !.~·. ,. i=~::, e011:.r-u 11~-~J l"L :-e _ : l y ~ :~ t.l-.c- tanneries, 
so that the n~:ess::.:-y cor-r~-:-l i t.~c; h3 \"t lx..>en madt->. 

The expert. l.JPl ie\'es that th~ manag~!rS of the tanneries han= well understood 
the proposed technical solutions. The actual problem is represented by the fact 
they do not know which further action UNIOO will take. It is obvious that. until 
they will know clearly if a l'NIOO assistance for the necessary ••hardware" will 
come true, they will not take any decision about the problems. Therefore, it 
is important that liSIOO shO'o"'S the intentions about the future developnent. of the 

project . 
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ETHIOPIAN 

PICKLING & TANNING T A N N E R. Y 

Addis Ababa - B'l'llIOPIA 

1. FAC'l'QRY'S DATA 

1.2. Max. daily caoacity : 8,000 skins 

1.3. Baw material 
- qoat skins 

- sheep skins 

1.4. Final product 
- qoat skins 

- sheep skins 

: 3,000 pcs/day (dry: 0.5 kg/pc) 

: 5,000 pcs/day (wet-salted: 1.3 kq/pc) 

: wet-blue (current) (*): 

: pickled (current) (*); 

(*) in future also crust and part finished for 
local •arket. 

1.5. Information about tbe process (main phases) 

1. 5. 1. Liming 

- sheep skins (painting unhairinq) 
- goat skins (pulping unhairing in drums) 

Total consumption of chemicals for liming (8,000 pcs/day) 

Ca(OH) 2 
Na 2s (60%) 
NaHS (72%) 

880 kg/day 
230 kg/day 
168 kg/day 

- goat skins (pulp unhairing in drum 3x3 m at axis = 5,000 litres) 

1.5.2. Tanning (qoats) 

Water 150\ on pelt weight; 
er sulphate 6\ on pelt weight; 
(normal chr011e sulpbate 25\ cr203 
or self-basifying cbroae 21t er2o3) 

1.5.3. Cbrome content in the soent taMing lim;om 
(froa factory's analysis): 2-4 q/l as cr203. 

1.6. i'Otal yol\Dle of effluent: 500 •3 per day 
(esti•ted by the factory) 



1.7. Other infomation 

1. 7. 1. Work time 

1.7.2. Final discharge 

1.7.3. Rain periods 

2. UM' QA'l'A 

2 .1. Quantity of processed 

1 shift (8 hrs) 6 days per week. 

Akaki river 

July/August/septellber (heavy rains) 
PebruaryjMarch/April (short rains). 

2 

aaterial 10,500 kq/day ca. (green weight). 

2. ~. Water consU11ption (adopted) 40 1 per kg of skins 
(green weight) • 

2.3. Effluent volume 420 (say 500) al/day. 

2.4. Discharge hours per day 10 ca. 

2.5. Mean discharge flow 50 ml/h 

2.6. Peak factor (adopted) 2.5 

2.1. Peak flot., 125 al/h (i.e. 2,000 l/ain ca.) 

2. 8. Hours of tt:eatment (plant's 
operation) per day (adopted) 20 per day 

2.9. Mean treatment flow 25 ml/h 

2.10. Expected sludge 
production 

2.11. Total sludge production 

Note: D.11. llllS Dry Jlatter. 

3. LBGTSJAUOll 

0.15 kg D.M. per kg of raw 
material (green weight) 

1,570 kg D.M. per day 
(i.e. 40 •3/day of liquid 
sludge at 4% of solids) 

At the llOllent no specific .!Standards exist in Ethiopia for the 
discharge of tannery or other industrial effluents into surface 
waters or sewer. In the general opinion, the future legislation will 
adopt discharge standards similar to those existinq in Europe and 
other developed countries. 
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4. PRQM§S DBSCRXPTIOM (see also the annexP-d flow-sheet) 

Fonrards 

The here proposed treatllent is based on the following assuaptions: 

• i. rains waters mist be separately collected and discharged. 
ii. sanitary waters :tro• the factory will undergo a 

pre-treablent into septic tanks be:tore to be 6Ventually piped 
to the plant (to the biological phase i:t installed). 

iii. the product;ion process does not foresee the use of organic 
solvent in the slc.in degreasing c...7cles. 

iv. the pre-treablent o:t t:he trivalent Chrome has not been 
indicated here; it will be eventually installed in a second 
phase (if required by the Ethiopian enviro1111ental Authorises). 
Because o:t the di:t:ticulty in separating the Chrome conaining 
vaters (the various discharges are mzed in the saae gully 
inside the factory) aDd the sllall quantity of the discharged 
Chrome the pre-treatment of these wastes does not see• 
strictly necessary. 

v. near the t:annery there is a pipe-line connected with the 
municipal sewage treatment plant of Kaliti. 
There are chances that, after a suitabl~ pre-treat11ent, 
the tannery effluent will be accepted into the Kaliti 
plant for the final biological treatment. 
This could be a good opportunity of avoiding the individual 
secondary treatment or, at least, delaying its implementation. 

vi. In our opinion, the priury and sludge dewatering treat.11Snts 
must be always installed first. The secondary phase can be 
better 
The biological treatment has been here indicated only for 
information: if necessary, this part of the plant may be 
implemented in a future phase. 

4.1. Storage and red,istribution of the spent unbairing ligyors 

The spent liming, washing and fleshing liquors are collected in a 
separate gully and, after screening, are sent by gravity in an 
underground storage tank vitb a capacity equal to the daily volmae 
of discharge. (An existinq tank can be used for tbis scope). 
In order to screen 110St of the bair, a self-cleaning brushed screen 
bas been installed; in fact the partially pulped hair remaining in 
the concentrate lime/sulphide liquor are, in ti.lie, further dissolved 

. increasin9 the BOD and COD of the effluent. Purtbel'llOre, this 
material floatinq or settlinq can form coarse aqgreqates with the 
risk of clogqiDCJ the p111ps and pipes. A submersible Venturi ejector 

.assures tbe aixin9 to avoid solid deposits and the oxidation of part 
of sulphides. At 'Chis step, due to the high concentration of the 
sulphide in the liquors, a dosage of KnS04 is unnecessary (tbe 
sulphide oxidation will COJ1Pleted in the equalization tank) but it 
can be aanually qiven if on-plant teats will show a better 
performance. 
These waste11 rre then pallped to the equalization tank and •ixed t~it.b 
the other tannery effluents. 
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4.2. Priwarv treataent 

The effluents fro• the tannery are screened (brushed screen) and 
sent by qravity into the equalization and sulphide oxidation tank. 
The equalization is necessary to realize a good mixing 
(bo110genization) of the various streAJIS and to eliainate the flow­
peaks (hydraulic equalization) of tbe factory in order to obtain an 
uniform and constant effluent to treat. In order to avoid 
sedimentation of solids, this basin is wix~ through injection of 
suppressed air (blower and air diffusers). The injected air enables 
tbe oxidation of sulphide too: this process is catalysed by the 
addition of Manganese II salts. A subaersible pump re-distributes 
the daily treated aixed liquor to the further treataent phases in a 
period of 20 hrs ca. 
'l'be successive coagulation and flocculation process is done adding 
Al1.111 and Polyelectrolyte. 'l'his treataent vitb cheaical& enables both 
a reduction of the orqanic load sent to the biological phase and an 
increase of the settleability of the suspended solids. The 
flocculated effluent flows by gravity into the prilRary sedimentation 
tank where the 110St of solids contained in the effluent settles as 
sludge and the clear supernatant is piped to the biological 
treatment. 

4.3. Secondary treatJlent (optional) 

The biological treataent is an extended aeration that is realized in 
three successive steps: 
- aeration (BOD-removal through bio-absorption/flocculation of the 

soluble/suspended organic natter) 
sedimentation (physical treatment necessary in order to separate 
the biological sludge from the treated water) 
bioloqical sludge recycle (the settled sludge is continuously 
re-pumped into the aeration tank to maintain the bacterial mass 
necessary to the process. 

The aeration tank is designed for 48 hrs retention time and the 
oxygen necessary to the process is supplied by air blowers and 
diffusers. 'l'be secondary sedi.llentation is realized into a circular 
tank fitted with rotary bridqe aecbanin for sludge-scraping. 
A subaersible pmap recycles thd settled sludge to the aeration tank. 
Periodically, tbe excess of sludge is discharged through a by-pass­
valve into the equalization basin. 

4. 4. Sludge Trgt:Mnt 

All tbe produced sludge is extracted froa the pri.aary sedimentation 
tank. The sludge is drawn-off frOll the bottoJa of the tank and pumped 
(subllersible pmap) to the devateriDCJ station (filter press or sand 
beds) after a previous conditioning with cbeaJcals (li•e-ailk until 
pH• 10). Tbe sludge cake is sent to the final disposal (land-fill 
or burial) and the filtration waters piped back to the general 
treatment. 

1 
I 
I 
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5, CAI&ULATIOHS 

' 5.2. SPENT LIKING WASTES STQRAGE AHi> BE-PQMPING 

5.2.1. Volume of discharge 
~ The adopted volume is 50 a 3/day ca. (20 a 3 liming, 20 a 3 first 

washing and 10 • 3 fleshing and floor vashing after the painting). 
This volume is quite cautionary. 

5.2.2. Bate of discharge 
The discharge peak flow (a 3 x 3 •· droll discharqed in 15 Jli.n) is 
5 x 60/15 = 20 •3/h. 

5.2.3. 5creening 
A brushed screen, with •ini111m capacity of so •3/h of liJling wastes, 
has been adopted. 
Note: a brushed screen is aore efficient than a bar screen in 
removing the hair. This represents the advantage to have less hair 
in the spent liming baths and, so, less solids and BOD/COD in the 
effluent sent to the treataent plant. 

5.2.4. Storage 
A tank with a useful volume of 50 m3 ca. has been adopted. 

5.2.5. Mixing 
A ainimal specific power of 40 Watt/•3 has been adopted for mixing 
and avoiding the deposit of solids. 
Total required power (50 x 40/1,000) = 2 kW. 
A 2.2 kW submersible Venturi ejector bas been adopted. 
Note: the adopted ejector will furnish 2 kg/h of oxygen at standard 
conditions; let the oxygen transfer efficiency in the real operating 
conditions be 70%, i.e. 2 x 0.7 = 1.4 kgfh. 
This oxygen will be able to oxidize 1.4 kg/h ca. of 52- and must be 
considered in the calculation of the total oxygen necessary for 
sulphide oxidation (see ahead). 

5.2.6. Be-puaping 
The sue working period inside the factory, i.e. 10 hrs/day, will be 
utilized as re-pumping period. capacity of the pUllp so : 10 = 5 
•3/h. 
Note: a submersible pwap operated by a progrmed tiaer bas been 
adopted for the re-puaping. 



5.3. GENERAL EFFLUENT TREATMENT 

a. PRilfARY 'l'RBATHER'l' 

5.3.1. total Volume 
The daily effluent volume to be treated is 500 a3. 

5.3.2. Peak flow 

6 

Workinq period inside the factory = 10 hrs per day. 
The mean volUJle of the general effluent is 450 •3/day (500 - 50 of 
liae waste). 
The average discharge flow is 450 : 10 = 45 alfh. 
Peak factor= 2.5 (adopted). 
Peak flow (45 x 2.5) = 112.5 al/h. 

5.3.3. screening 
A brushed screen with ainillUll capacity of 150 a 3/h of tannery 
effluent has been adopted. 

5.3.4. &nlalization and sulphide oxidation 
a. Hydraulic equalization and wastes homogenization 
The hydraulic equalization necessary during the first phase of the 
plant's installation is mini11al: in fact the mean discharge period 
from the factory is 10 hrs/day; i.e. the mean influent flow is 50 
m3/h ca. and the out-let flow 550 : 20 = 27.5 m3/h. 
The difference (50 - 27.5) x 10 hrs is 225 m3 • 
Due to the fact that a separation and dosage of the concentrated 
liming wastes have been adopted, the volwae necessary for the 
ho110genization of the various effluents can be reduced from the 24 
hrs retention tiae that is generally adopted in the design of 
tannery effluent treatllent plants. A tank with a total volume of 350 
ml has been here adopted. The retention time (350/550 x 24) is ca. 
15 hrs. In practice, 100 m3 ca. will be the ainiaal water volume in 
the tank for the effluent homogenization and the remaining 250 m3 
will be used for absorbing the tannery's flow-peaks. 

5.3.5 ~antity o§ air for the mixing and avoiding deposit of solids 
is 2 Nm /h perm of tank volume (adopted). 
The total necessary air is (2 x 350) 700 Nm3jb. 

5.3.5. Sulphide oxidation 
calculation of the oxygen required for the oxidation of sulphide. 
The daily consuaption is 230 kg of Na2s (60t) and 168 kg of NaBS 
(72t). This a.:>unt is equivalent to 125.7 kg/day of 52-. 
[~30 x o.oo x 32/78 = 56.6 k9 and 168 x 0.12 x 32/56 = 69.1 kg of 
S -1 where 32 = a.w. 52- and 78 and 56 a.w. of Ha2s and NaHS 
respectively. · 
Let sot of this quantity be di!charqed with the spent liquors, i.e. 
125.7 x 0.80 = 100 k9/day of s -. 14 kg/day of s2- (1,4 x 10 hrs) 
are ~xidised in tbe liaing storage tank, therefore 100 - 14 • 86 kg 
ot S - aust be treated in the equalisation tank at the rate of 86 : 
15 - 5.7 kg/h. 
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Tbe installed air injection is able to supply a total of 700 Nm3 of 
air per hour. Considering an oxygen transfer efficiency of 15% at 
the real operational conditions, (700 x 0.28 x 0.15) 29.4 kg/h of 
oxygen are supplied. The aeration equipment results over-abundant; 

- on the other hand reducing the air rate will increase the risk of 
solid deposits. 

5.3.6. Qosage of catalyst 
Manganese sulphate, the catalyst of the sulphide oxidation reaction 
will be dosed in 20 mg/l quantities only if strictly necessary. 
Tbe average consUJ1Ption is 500 x 20/1,000 = 10 kg/day of industrial 
product (80% ca. of Nnso4) or 10 x 0.80 x 54.94/151.94 = 2.9 kg of 
Mn2+ per day. The MnS04 is dosed in solution at 5%, i.e. 10 x 100/5 
= 200 l/day, with a dosing puap of 20 l/h ca. capacity. 

5.3.7. Lifting 
The total volume of effluents to be daily pWDped is about 550 
a3/day: 500 r.l waste waters fro• the tannery + 50 ml ca. of waters 
from the sludge filtration that are recycled to the equalization 
tank. 
Hours of treatment per day= 20 ~adopted). 
Treatment flow 550 : 20 = 27.5 m /h. 
A submersible pllillp, min. capacity 500 l/min at 5 m, has been 
adopted; the flow will be regulated by neans of a by-pass valve. 

5.l.8. Flocculation 
Minimum retention time= 5 min. (adopted). 
Volume of flocculation tank 27.5 : 60 x 5 = 2.l ml. 
A tank of dimensions 1.2 x 1.2 x 2 H metres has been adopted. 
A mechanical mixer is unnecessary: the same influent flow will 
assure the mixture of the influent with the chemicals. 

5.l.9. oosage of chemicals 
Note: the amount of chemicals to be dosed can be varied according to 
the required efficiency during the plant commissioning. The 
quantities here indicated are the mean values generally used in 
similar plants. 
Alum, industrial Al2(so4 ) 3.1s H2o , average dosage = lOO mg/l; 
550 x l00/1,000 = 165 kg/day or 1,650 litres solution at 10%. 
Polyelectrlyte, anionic powder, average dosage = 1 mg/l; 
0.55 kg/day or 550 litres of solution at 0.1%. 
Two dosing pumps, capacity 0-100 l/h, adopted. 

5.3.10. Primary sed,imentation 
Minimal retention time= 2 hrs (adopted). 
Maximw1 surface loading 1 a3/•2 per hour.(adopted). 
A static sedimentation tank {type Dortmund) o'f 5 x 5 metres has 
been adopted (for shape and dimensions see the paraqraph "civil 
works"); surface 25 m2 and volume 75 ml. 
Retention time (75 : 27.5) = 2.7 hrs. 
Surface loading (27.5 : 25) = 1.1 m3/m2 per hour. 



8 

b. SECONDARY TRBM'llEN!' 

Note: a priaary treat.aent alone will hardly coaply with the general 
standards for the discharge into surface waters. 
A properly operating priaary treataent can produce a final tannery 
effluent with the following realistic characteristics (*): 

- pH 
- BOD5 
- COD 
- Oil & grease 
- Phenols 

- ChroaiUJI tot. 
- Suspended Solids 

(*) main parameters 

. . . . 
: . . 

7 - 9 
500 - 800 mq/l 

1,000 - 1,500 :mq/l 
traces 

: very variable (depending 
on the production 
process) 

< 1.0 ag/l 
< 100 JICJ/l 

The reduction of the residual BOD, COD and phenols can be obtained 
only via biological treatment: to increase the dosage of chemicals 
in the flocculation process will result only in a massive increase 
in sludge production. 

5.3~11. Biological treatment 
The process adopted for the secondary treatment is an "extended 
aeration•: 
- retention time in the aeration tank: 48 hrs (adopted) 
- volume of the aeration tank (500 x 2): 1,000 m3 (*) 
- F/M ratio < O.l kg of BOD5/kg of HLVSS in the oxidation tank 

(adopted). 
(*) The internal recycles have not been considered. 

Note: 
F = organic loading, kg B005 of the influent per day. 
M = mass of Mixed Liquor Volatile Suspended Solids (MLVSS) 

in the aeration tank (quantity of active biological sludge). 

F = 500 x 1 = 500 kg of BOD5/day (*) 

M = 500 : 0.1 = 5,000 kg of MLVSS 

MLVSS (5,000 : 1,000) = 5,000 mq/l. 

(*) an influent BOD of 1,000 ag/l has been considered. 



5.3.12. OXygen requirement (O.R.) 

(a x F) + (b x H) 
O.R. = -------------------

24 

where: 
o.R. = total oxygen requireaent per hour. 
a = coefficient related to o2 requireaent for synthesis. 
F = organic load, kg BOD/day 

b = coefficient related to o2 requirement for endogenous 
sludge respiration. 

Replacing the project's data and assuaing: 

a = 0.8 and b = 0.15 (experiaental data) 

(0.8 x 500) + (0.15 x 5,000) 
O.R. = --------------------------- = 

24 
48 kgfh ca. 
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Let the oxygen transfer efficiency of the installed air diffusers be 
15% at the operational conditions: 

48 x 100 : 15 = 320 kg/h of o2 must be furnished or 
320,000 : 280 = 1,143 Nm3 of air per hour. 

5.3.13 Secondary se<limenta~io9 
- superficial load= 0.5 m /m of tank surface per hour (adopted); 
- influent flow 27.5 m3fb; 
- total necessary surface= 27.5 : 0.5 = 55 m2. 
A circular tank of 9 metres of diameter has been suggested (S= 63.6 
m2) • 

5.3.14. Sludge recycle 
- recycle rate= 100% (adopted); 
- capacity of the recycling pump = 27.5 m3fb. 

5.5. SLUPGE TREATMENT 
5.5.1. Pro<luction of slµd,ge Cprimary & secondary> 

Assumed a sludge production of 0.15 kg of dry aatter per kg of 
processed hides or skins (green weight): a daily production of 
10,500 x 0.15 = 1,575 k~ of sludge dry .atter or (1,575 x 100 : 4) 

_ 39,375 litres (say 40 m ) of liquid sludge with a 4\ dry content is 
expeeted. 



5.5.2. Sludge dewatering station 

Alternative 1: Filter press 

AssUJ1ing a final sludge cake at 35\ of D.M., (1,575 x 100 : 35) 
S,250 kg of dewatered sludge per day or (S,250 : 1,2) = 3,750 
litres. Adopting 3 filtration cycles per day, a filter with a 
miniama capacity of (3,750 : 4) = 940 litres ca. is necessary. 

Alternative 2: 5and beds 

calculation of tbe drying beds· 

10 

AssUlling a aean drying time of J weeks (i.e. 18 work days) the total 
quantity of sludge produced in this period is 1,575 x 18 = 28,350 kg 
of D.H. (dry aatter). 
Let the dry content in the de-watered sludge be 20\, a total of 
28,350 x 100/20 = 141,750 kg or 142 • 3 of residue will result. 
Limiting the final height of the sludge layer to 0.25 m for a good 
drying of the cake bottom (142 : 0.25) 568 112 of bed surface are 
required. 
Eight 6 x 13 metres beds total surface = 624 m2 have been proposed: 
seven beds (546 m2) in operation and one bed in cleaning and 
maintenance. 
In principle each bed must receive 100 m3 ca of liquid sludge or 
100,000 x 4/100 = ~,ooo kg of D.H. (the feeding period of each bed 
results 3 days ca. and the filtration/evaporati~n period 18 days). 
The residual la~er, de-watered at 20% of dry content, is 4,000/1,000 
x 100/20 = 20 m with an average height of 20/78 = 0.25 m. 
This means that every three days ca. one bed aust be cleaned and 20 
tons of de-watered sludge transported to the final disposal. 

*** 
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6. LIST OF TUB lfRCRSSABY BOOIPKBltT 

6.1. SEfARATION AND STQBAGE OF THE SPENT LIME LIQUORS 
AND PRIMARY TREATMENT 

6.1.1. 

6.1.2. 

6.1.3. 

n.2 bar screens, sloped 
Characteristics: 

60', in steel, aanually cleaned. 

- bar diameter 
- spacing between bars 
- width 
- length 
- capacity 
Equipped. with cleaning 

: 10 
: 10 
: 50 
: 70 
: 50 

rake. 

-; -; Cll ; 

cm ; 
m3fh. 

To be locally realized 

n.l brushed screen, type Parkwood (Idrascreen, Italprogetti 
or similar). 
Filtering panel, support frame and carters in stainless 
steel AISI 304, rotating brushes in polypropylene and 
nylon. 
Characteristics: 
- 1 kW motor 380 V, 50 Hz 3 phases insulated IP 55; 
- filtering surface 1.3 m ca.; 
- diameter of holes 3 mm; 
- capacity 100 m3/h of tannery waste water; 
- n.3 brushed spaced at 120'. 

Price: 7,500 U.S.$ 

n.1 Venturi ejector Consisting of a submersible pump 
(Flygt CS 3085 MT 432 and an ejector Mod. 4812 or similar). 
Characteristics: 
- 2.2 kW motor 380 V, 50 Hz 3 phases 4 poles insulated to 

F class; 
- 1 ejector Mod. 4812 100 mm diameter. length 1,000 mm 

with nozzle of 55 .. diameter and 3 m snorkel for the 
air suction; 

- oxygen transfer 2 kg/h at stl'ndard conditions. 
Materials: 
- pump's aechanical face seals with tungsten carbide seal 

rings for continuous operation. 
- Venturi tube and snorkel in stainless steel AISI 

304, nozzle in plastic material. 

Total Price: 4,100 U.S.$ 



------------------------~~~~~~---. 

6.1.4. 

6.1.5. 

6.1. 6. 

6.1.7. 

n.l submersible pump, for waste water with high solid 
content (Flyqt, ABS or similar). 
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Body and propeller in cast iron with rubber paint, shaft, 
studs and nuts in stainless steel. 
Characteristics: 
- 2.2 kW motor 380 v, 50 Hz, 3 phases, 4 poles, insulated 

to F Class; 
- vortex iapeller with solid passing of 50 -

diaJ1eter; 
- capacity 900 l/ain. at 4 • h~ad. 
The pu:aps is equipped with a hose connection, base stand 
and strainer. 

Price: 3,000 U.S.$ 

n.l rotary vane bla.er (Robuschi or similar) 
able to supply oil-free air, rotors and body in spheroidal 
cast iron, driving through belt/pulley coupling to 13 kW 
motor 380 V, 50 Hz, threephase, protection IP 55. 
Technical specifications: 
- capacity = 650 Na3/h of air at 0.4 Bars; 
- max. head = 0.5 Bars. 
The blower is equipped with: 
- suction filter, 
- suction and discharge silencers, 
- non return valve; 
- safety valve; 
- flexible anti-vibration connection and shock insulating 

feet. 

Price: 7,500 U.S.$ 

n.l air distribution device (Italprogetti or siailar) 
consisting of: 
- 130 non-clog air diffusers (medium/small bubbles) 

with cone-shaped base in polypropylene and flexible 
perforated EPDM membrane for the air escape in fine 
bubbles. 
Oxygen transfer efficiency 20\ ca.; 
air distribution net-work in galvanized steel 
(out-side part) and in PVC (submerged part); 
air requlation valves; 
clamps for the device fixing at the walls of the tank 
in concrete. 

Total Price: 9,300 U.S.$ 

n.1 submersible pmp identical to that described at 
item 6.1.4. 

Price: 3,000 U.S.$ 



6.1.8. 
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OP'l'IQNAL 
n.3 Dosinq groups for cbelli.cals {HnS01, Alua and 

Polyelectrolyte) {OBL Dosapro Ita proqetti or similar) 
consisting of: 

- 3 reservoirs, in acid proof material, for the 
dissolution of chemicals. 
capacity 1,200 litres. 
Coaplete of support for the installation of the aixer and 
the dosing puap. 

- 3 ai.xers for the dissolution: shaft and paddles in 
stainless steel AISI 304. 
Characteristics: 
1.1 kW aotor, 380 V, 50 Hz, 3 phases, protection IP 55: 
vertical speed reducer, coaxial type with oil lubricated 
gears; 
shaft speed 200 r.p.a. ca. 

- 3 dosinq pmps body in PVC, plunger in cera.ic and 
no-return valves in stainless steel AISI 316. 
Characteristics: 
o.3 kW, motor 380 V, 50 Hz 3 phases protection IP 55; 
capacity variable from O to 100 lfh; 
maximum working head 2.5 bars. 

Total Price: 7,500 U.S.$ 

6.1.9. n.1 series of accessories for 5 metres square sedimentation 
tank in concrete, type Dortmund, consisting of: 
- 2 m length influent well of 50 cm diameter in poly­

propylene; 
overflow weir for supernatant in stainless steel AISI 
304; 
support frame in hot galvanized steel with walk-way and 
parapets according to accident-prevention standards; 
inlet and outlet pipes 100 mm diameter in stainless steel 
AISI 304 to be iJlbedded in the tank walls: 
sludge draw-off pipe 80 .. diameter. in stainless steel 
to be enbedded in the tank wall. 

Price: 3,000 U.S.$ 

6.1.10. n.1 control board for the operatinq and control of the 
electrical equipment of the E.T.P. 
The control board is designed in accordance vith the 
standards of the European Electricity eo..ittee. 
The board is ude for the installation under a covered 
area. 

Price: 11,000 U.S.$ 

--------------------------------..-------------~-----------------
Sab total 6.1. !>6,900 U.S.$ ----------------------------------------------------,,_ _________ _ 
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Iffl>ICATIVE PBICE OF TUE HYDRAULIC MD ELEC'l'RIC CONlfECTION 
FOR THE PRIMARY TREATMENT 
Ctbis material can be locally purcbasedl 

6.1.11. -- pipinq: 
pipes, valves and fittinqs for the hydraulic connections 
of the primary treatllent. 
The materials (PVC, steel, polythene, etc.) and the sizes 
are different according to the characteristics of the piped 
product and the required flow or head. 

Total Price: 8,000 U.S.$ 

6.1.12. -- electrical wiring: 
cables of different sections and accessories for the 
connection and/or control of the electrical equipment 
of the E.T.P. including installation/clamping devices 
with the exclusion of the aain line froa the tannery's 
power station to the control board. 

Total Price: 6,000 U.S.$ 

6.2. BIOLQGICAL TREATMENT 

6.2.1. 

6.2.2. 

6.2.3. 

n.? rotary vane blowers and accessories, identical to 
that described at item 6.1.4. 

Price: 15,000 U.S.$ 

n. l air distribution device (Italprogetti or __ milar) 
consisting of: 
- n. 260 membrane non-clog air diffusers(fine/medium 

bubbles), support in polypropylene and flexible membrane 
in EPDM; oxygen transfer efficiency= 20% ca.; 
air distribution net work, pipes, connections, etc. 
in galvanized steel (outside) and PVC (submerged parts); 
air regulation valves ; 
clamps for fixing at the tank walls. 

Total Price: 18,600 U.S.$ 

n.l sludge scrapiliq device (Italprogetti or sillilar) 
for 9 netres dimaeter circular 
secondary sedimentation tank. 
Technical specifications: 
central driver of 0.5 kW, 380 V, ·50 Hz, 4 poles, 
three phases, protection IP 55, with two speed 
reducer; peripheral speed 2.5 11/min. ca. 
Electrowelded structure in hot galvanized steel. 



----------------------------------~~~~~~~-~~· 

6.2.4. 

6.2.5. 
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Equipped with: 
- over-flow weir type Thoason and scWl-baf f le in stainless 

steel AISI 304; 
- surf ace scwa-blade scraper and scua-troug in stainless 

steel AISI 304; 
- bottom sludge scraper in hot galvanized steel and rubber 

blades; 
central influent well in hot galvanized steel; 

- flanged inlet and outlet connection and sludge draw-off 
pipe in Fe 37. 

Price: 16,000 U.S.$ 

n.l heliooidal pmp (Allweiler, CSF or siailar) 
(eccentric screw type), 
pUllp body in cast iron, screw in hard chroJli.ua 
plated steel and stator in synthetic rubber. 
Coupled by belt and pulley to aotor of 1.1 kW, 
380 V, 50 Hz, protection IP 55. 
Rotor speed 400 r.p.m. 
Capacity 4.5 m3/b ca. at 40 m head. 

Price: 4,100 U.S.$ 

n.l control board realized in plastic aaterial for 
the operation and control of the effluent treatment 
plant. The board is designed according with the 
standards of the European Electricity Committee. 
The board is executed for the installation under a cover 
area. 

Price: 3,000 U.S.$ 

Sub total 6.2. 56,700 U.S.$ 

INQICATIVE PBICE OF THE HYDRAULIC AHD ELECTRIC CONNECTION 
FOR THE SECQNDARY TREATMENT 
Ctbis material can be locally purchasecil 

6.2.6. -- piping: 
pipes, valves and fittings for the hydraulic connections 
of the secondary treabl'!nt. 
The materials (PVC, steel, polythene, etc.) and the sizes 
are different according to the characteristics of the piped 
product and the required flow or head. 

Total Price: 2,000 U.S.$ 

6.2.7. -- electrical wiring: 
cables of different sections and accessories for the 
connection and/or control of tbe electrical equipaent 
of the E.T.P. including installation/claaping devices 
with the exclusion of the .ain line fr<>11 the tannery's 
power station to the control board. 

Total Price: 1,500 U.S.$ 



16 

6.3. SLUQGE TREATMENT 

Sludge dewatering: alternative witb plate filteri>ress 

6.3.1. 

in 

6.3.2. 

6.3.3. 

n.l sul::mersible aix:er (Flygt. or siailar) 
body and propeller in cast iron with chloric rubber paint: 
shaft, screws, studs and nuts in stainless steel; o-rings 

nitrile rubbe-. 
Characteristics: 
aotor 2.s kW, 380 V, 50 Hz, tbreephases, insulation to 
Class F. 4 poles coupled with a spur gear with belical 
teeth; 
propeller speed = 1,400 rpm ca. 
Blades propeller with 300 .. diameter. 
Tbe aixer is supplied with installation/liftiDCJ systea 
consisted of: 
lifting david, guide bolder sets(upper and lower) and 
4 • guide bar 100 x 100 .. in galvanized steel. 

Price: 6,000 U.S.$ 

n.l lime ai.lk preparation and dosage unit, (Italprogetti, 
Antico Olindo or similar), consisting of: 
- n.l mixer, shaft and paddles in stainless steel AISI 304, 

motor of 1.2 kW, 380 V, 50 Hz, 4 poles, tbreepbases, 
protection IP 55; 
vertical gear box coaxial type with oil lubricated 
gears, shaft speed= 400 rpm ca., 
support frame in hot galvanized steel for the 
installation on a 5 m3 concrete tank. 
n.l centrifugal pump, body and propeller in stainless 
steel AISI 304, capacity = 50 l/m1nute, 0.5 k" motor, 
380 v, 50 Hz, 4 poles, threephases, protection IP 55, 
installed on a support frame in galvanized steel. 

Price: 3,500 U.S.$ 

n.1 filter press (Diefenbach, Italproqetti or sillilar) 
for the sludge de-watering. 
Materials: 
- steel frame with corrosion proof painting, 
- plates and filterinc; clothes in polypropylene. 
Characteristics: 
- Plates diaensions 800 x 800 mm. 
- Filter frame max. capacity 80 plates. 
- NWlber of installed plates 80 

Pilteri11CJ surface 80 a2 ca. 
- Volmae of the cake 1,200 litres ca. 
- Dryness of cake 30-35t. 
- Hydraulic closure of tbe filtering plates by oil-power 

and double-acting plunger. 
Installed power of the hydraulic closure 5.5 kW ca. 

- Manual displaceaent of the plates. 



6.3.4. 
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Filter coaplete of: 

- EYaQ for the feeding of the filter, capacity s.s •3/h, 
motor with speed reducer 5.S kW, 380 V, 
so Hz, three phase, protection IP 55: 

- Belt conveyor for the cake transport, length 9 •· ca., 
motor 1.1 kW, 380 v, 50 Hz, IP SS. 

- Ge»eral control panel for the operation and control of 
the sludge treataent station. '!be board is executed for 
the installation under a cover area. 

Total Price: 60,000 U.S.$ 

n.l coub:ol board realized in plastic material for 
the operation and control of the sludqe treataent. 
The board is designed accordinq vitb tbe standards 
of the European Electricity CO.aittee. 
The board is executed for the installation under a cover 
area. 

Price: 1,000 U.S.$ 

Sub total 6.3. (filter press) 70,500 U.S.$ 

INDICATIVE PRICE OF 'l'HE BXDBAULIC MID RJgTBTC CQHNECTIOH 
FOR THE 52COtfDABY TBEATKEIJT 
Ctbis material can be locally purcbased,l 

6.3.5. -- piping: 
pipes, valves and fittings for the hydraulic connections 
of the sludae t-eatment. 
The materials (PVC, steel, polythene, etc.) and the sizes 
are different according to the characteristics of the piped 
product and the required flow or head. 

Total Price: 2,000 U.S.$ 

6.3.6. -- electrical wiring: 
cables of different sections and accessories for the 
connection and/or control of the electrical equipaent 
of the E.T.P. including installation/c.laapinq devices 
with the exclusion of the uin line froa tbe tannery's 
power station to the control board. 

Total Price; 

SIJllDRY OP COSTS (Ila.in equip.ant only) 

SOLPllIDB S'1'0RAGB ' PllIDRY ftBMWBllT 
&BOORD.ARY (BIOLOGICAL) TRBA'l'llBlf'l' 
SUJDG£ ftBM'llBllT (Alt.ernati ve A: PIL'l'BR PRBSS) 

800 U.S.$ 

56,900 
56,700 
70,500 

U.S.$ 
U.S.$ 
U.S.$ 
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7. SPARE AHO COBSUllPUOH PARTS 

Indicative price (see Hote) for the spare and consuaption parts for 
two years of the plant's operation: 

7.1. General treat.ent: •• . . . . 10,000 U.S.$ 

1.2. Biological treat.aent:. • s,ooo U.S.$ 

7.3. Sludae treataent (with 
filter press only): • • • • • • 5,000 U.S.$ 

Note: the type and quantity of spare parts will be defined by 
I'l'ALPROGET'l'I on the base of its experience in siailar plants, taking 
into account also the local peculiar situation. 

8. PLMT mMIUssIOJUllG i 'l'RUlU1IG 

8.1. supervision during plant installation: 

n.1 technician for 30 days: 12,000= U.S.$ 

Travel expenses (2 international trips), board and lodging 
at the charge of the recipient Company. 

8.2. Plant start-qp and training of the local persoooel: 

n.1 technician for 20 days: 8,000= o.s.$ 

Travel expenses (two international trips), etc. at the charge of 
the recipient Company. 

9. COSTS FOR 'l'llB PLNl'l''~ OPBRATIOH 
(on the basis o~ 500 m effluent per day) 

- General effluent treat.ent 

a) Sulphide separation & EriMry Treat:aent 
conswaption of cheaicals: 
• • AlUJI 150 kg/day 
•• Polyelectrolyte (poNder) 0.5 kg/day 
•• HancJanese Sulphate 10 kg/day 
Energy consU11ption: 350 k11b/day ca. 



b} secondary treatment 
consW1ption of cheaicals: 
•• Sodiwa Threephosphate (eventual) 
Energy consuaption: 

5 - 10 kg/day 
500 kWh/day ca. 

-Slµdge treablent 

Consumption of chemicals: 
(alternative with filterpress) 
•• Liae 

Energy consumption: 

- Labour 

150 - 200 kg/day 
150 kWh/day ca. 

n.2 persons during tbe day + night-watchllan. 
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Mote: the consmaptions (both of chellicals and energy) here indicated 
1eµresent the average figures encountered in similar plants. 

lL c:rvu, WORgS (Indicative dimensions) 

Prior to the starting of the civil works the site must be cleared. 
All shrubs, trunks, grass and other vegetable matter must be reEoved 
and disposed of. 

10.1. SEPAR;.TION AND STORAGE OF THE SPENT LIKE LIQUORS 

10.1.1. Pit for t.he installation of tbe brµshesi screen: 
lateral walls in block bedded with cement mortar and bottom in lean 
concrete with plastering of internal surface. 
Internal dimensions: cm 125 x 190 x 70 H. 
The pit is 30 cm above and 40 cm ca. below ground level. 

10.1.2. Storage tant: 
Tank built under~ound with ~ 20 caa external board, capacity 50 ml. 
For this service an existing tank can be used. 

10.2. GENERAL EffLUENT TREATMENT 

A. PRIMARY TRF.ATllBNT 

10.2.1. Egualization tank: 
with lateral and bottoa walls in reinforced concrete 30 cm thick. 
Internal dimensions: 

width 800 ca, 
lenqth 1,500 cm, 
heiqht 350 ca (useful 300 cm). 

Useful volu.e: 350 •3 
Underground tank that aust be fed by gravity. 



10.2.2. Flocculation tank= 
in reinforced concrete 30 ca thick. 
Internal dimensions: 120 x 120 x 200 H ca. 
Useful volwae = 2 •3. 

10. 2. 3. Priury sediaentation qnk: 
square tank 500 x 500 CJ1 with pyramidal bottom sloped at 60·. 
walls in reinforced concrete 30 Cll thick. 
Internal dimensions: 
- beiqbt of the vertical walls 200 ca: 
- heiqbt of the pyrcmidal part JOO ca. 
Two holes 25 x 25 Cll must be foreseen for the in-let and out-let 
pipes of 200 .. diameter and a connection pit 40 x 40 x 110 H ca to 
the general effluents equalization tank. 
'1'anJc partially underground. 

B. SECQBDARY TREATMENT 

10.2.4. Aeration tanJc: 
with lateral and bottom walls in reinforced concrete 40 cm thick. 
Internal dimensions: 

width l,OOO cm, 
length 3,500 cm, 
height 400 cm (us6ful 350 cm). 

Useful volwae: 1,200 m3 ca. 
Partially underground tank: 150 cm above and 250 cm below the ground 
l~vel. 

10.2.5. Secondary se<fimentation tank 
circular tank of 9 metres diameter in reinforced concrete. 
Complete of bridge in reinforced concrete for the installation of 
the sludge scraping device and pit for the sludge recycle pump. 
Other dimensions: 
- height of vertical wall = 2.o o (2.3 m useful); 
- useful volume = 150 m3 ca. 
Thank partially underground. 

10.3. SWDGE TREATMENT AHD COMKON FACILITIES 

Alternative A: tilter-press 

10.3.1. Tank for the preparation of liae=ailk: 
in reinforced concrete. 
Di•ensionsj· 200 x 200 x 150 H ca. 
Voluae 5 m 
Tank partially underground. 



10.3.2. Tank for tbe slud,ge conditioning: 
in reinforced concrete. 
Oiaensions: 200 x 500 x 300 H ca. 

10.3.3. Coyere<i area: 
_ for the installation of the filter press. 

Oiaensions: ca 300 x 850 x 400 H. 

Alternative 8: Sand beds 
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10.3.4. Sludge drying bed,s: 
Internal diaensions: ca 600 x 1,300 (78 a2 surface) with a averaqe 
vertical beiqbt of 125 ca (lateral walls). 
Nuaber of beds: 10. 
Lateral walls 20 e11 thick in blocks reinforced with steel bars 8 -
diaaeter placed every 60 ca and connected with the bottoa r.c. plate 
and r.c. tie beaa at swmit level. 'l'be internal surface is finished 
with plasterinq. 
The filterinq surface is constituted of: 
- cm 10 upper layer of sand 0.3 - 0.6 11D1: 
- cm 10 middle layer of crushed stone 15 - 20 mm; 
- cm 5 lower layer (averaqe height) of crushed stone 40 - 80 mm. 

10.3.5. Covered area: 
for the installation of the qeneral control panel of the electric 
equipment of the plant and the dosinq units, and for the storage of 
the chemicals used in the effluent treatllent. 
A portion of cm 500 x 200 is closed with lateral ~alls in blocks 
bedded with cement mortar (control board room) the re~aining is 
open. 
Dimensions: cm 500 x 1,000 x 400 H. 



Primary and sludge treatment 

ftHms 
-- -- - ·-D -----

I! l 

l; 
•· e; 
::J -

iV '\J VOSS 

v iPa EJ6 P7 

VS2~ 

l .-------- ----1 

VHS 

ANNEX 1 

Sa9el1l11g 

r--. 
i 

v 

v. 
,'f\ 

Proposed E.T.P. at 

Ethiopian Pickling tannery - Etbiopfa 

UmelquorS 

GD13 

~­
~ 
! 
? 
i I P1a 

it: 

!I 
ll 
i .a 
Is 

y 



Biological treatment 

. -> 

; ; l ..,,..---;---~~~~~~~~~~~~~~-~~---.~ 
v V0B21 v T 

I 
Fm22 I 

c;:: c:: c;r =:J c: 'i? CJ c;:: c:: _£__J 

= Oean waler cfischarge 

5024 t]J 
··---- ----- --- ---::;> 

P26 



ANNEX 2 
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Fine bubble membrane diffusers 

ELASTOll Fine Bubble Rubber Diffuser 
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