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PART I
EXECUTIVE SUMMARY

EXECUTIVE SUMMARY
Conventional tannery effluent treatment process if properly designed, conducted and operated
succeed in reducing many of the pollutants present in the tannery effluent. Significant
reduction of 90% or more can be seen in BOD5, COD, chromium and suspended solids.
Conventional processes however are not designed to treat TDS including chlorides. Also
unless special arrangements are made, the nitrogen content of the effluent is not specifically
addressed.
The environment authorities in many countries have set standards for pollutant discharge with
respect to total dissolved solids and / or chlorides as well as nitrogen (expressed as TKN or
NH3 (or both)) in several countries for surface water and sometimes also sewer discharge.
Whilst these standards naturally vary from country to country and often within each country,
standards, which have been set, can and will not be achieved by conventional treatment
processes. The reason already given is that conventional treatment processes are not designed
for significant reduction in TDS, chloride and nitrogen levels in the effluent. Also, in view of
the world wide practice of preservation of hides and skins through wet salting, salt laden
streams are generated in the tanning industry which are well above these standards. The main
source of (ammonical) nitrogen is from the deliming process. For this a technically feasible
alternative is available. Viz., CO2 deliming which may or may not be commercially viable
depending on many factors including cost and availability of CO2.
UNIDO through its Regional Programme for pollution control in the tanning industry has
been actively looking for solutions to improve conventional treatment processes which
simultaneously address the nitrogen in the effluent and give the possibility of addressing TDS
/ chloride in the effluent. Currently the following technologies relating to TDS and / or
nitrogen in effluent are implemented or being implemented in pilot demonstration units: (i)
mechanical / manual removal of excess salt from wet salted hides and skins (2) reverse
osmosis of treated tannery effluent units: (3) improved solar evaporation, (4) under a different
project CO2 deliming in a small scale tannery addressing alternative to ammonical nitrogen,
(5) wet land treatment system using reed bed possibly resulting in nitrification /
denitrification (6) another technology which has been under consideration is the multistage
evaporation system to recover salt from tannery effluent (7) ultra filtration. This report deals
specifically with ultra filtration as being offered by Zenon BV Netherlands through Arendonk
BV Netherlands.
A preliminary study had been conducted on the suitability of ultra filtration for treatment of
tannery effluent and as replacement for secondary clarifier in the treatment process (Mladen
Bosnic, UNIDO consultant in tannery effluent treatment, December, 1997). This report
provides some basic information and has been included as Part II.
The report contains 3 Sections and 1 Annex with leaflets. The system uses membrane
technology for separation of treated effluent from activated sludge instead of conventionally
used settling tanks or dissolved air flotation system. Thus the ultra filtration system has been
integrated in the effluent treatment plant. This process has been patented under the name
ZenoGem ®. Separation of the activated sludge from the treated effluent is carried out either
by pressure ultra filtration or through under pressure (vacuum) micro filtration (patented
process with hollow fibre membrane, ZeeWeed ®.
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It is reported that the ZeeWeed under pressure system is much more economical than
pressure UF system (energy saving due to lower pressure 0.2 bar versus normal 3-4 bar is
approx. 80%), but was not tested yet in tannery effluent treatment plants.
The ZenoGem ® system, on the other hand, is operational for instance in Dreisen tannery,
Dongen, the Netherlands. The report prepared by the UNIDO consultant gives full details.
The tannery at present processes about 12 tonnes wet salted raw hides, 5 tonnes split and 5
tonnes wet blue per week. Effluent being discharged is 30 – 40 m3/day with COD of 25000 –
30000 mg/l, BOD5 9000 – 10000 mg/l, TKN of 800 – 900 mg/l, chlorides 7800 mg/l and
sulphates of 4700 mg/l.
After screening 5 mm, equalisation, fine screening, chemical treatment the overflow is
pumped into a bioreactor made in concrete and divided into 2 concentric zones. At this stage
the COD in the effluent is 12000 – 15000 mg/l and TKN 700 – 800 mg/l. In the 125 m3 zone
a fine bubble aeration system has been installed, whereas a mechanical stirring system has
been installed at the 90 m3 anoxic zone (for denitrification). Hydraulic retention time in the
bioreactors is about 6 days and 500 m3/h of pressurized air (after cooling) is used for
oxidation. MLSS level inside the tank is maintained at 60000 mg/l and pH at 7 (if need be
through additional chemicals).
The ultra filtration system operates at 6.2 bar (initial pressure) to 3.8 bar (pressure drop
membrane). The diameter is 12 – 13 mm with a capacity of 90 l/m2 per hour. Expected life
span of membrane is 3.5 years (2.5 years in operation at present). After this final effluent has
COD 900 mg/l, BOD5 < 5 mg/l, TKN 30 – 40 mg/l and is discharged into the municipal
sewer for further treatment. The sludge being produced in the ultra filtration is 3 – 4 m3/day
(10% of original volume), whereas the excess (wasted) sludge is maximum 1 to 1.5 tonnes
per week (approx. 0.1 – 0.2 tonnes dry solids).
The ultra filtration system allows high levels of mixed liquor suspended solids in the aeration
tanks of 30000 – 60000 mg/l, as compared to the more conventional 2500 – 5000 mg/l.
Longer retention time of larger molecules and more micro-biological activity positively
influence reduction in BOD5, suspended solids and organic COD.
The high MLSS maintained in the system also acts as a safeguard against shock loading and
possible presence of toxic elements in the effluent. Furthermore, the system can be halted for
some time (for example, it had been once stopped for four weeks) unlike any conventional
treatment system, the microorganisms still surviving.
The quantity of sludge generated is lower than in conventional biological treatment systems.
The small reactor volume reduces the area requirements.
Part III of the report is the independent technical evaluation of the system by UNIDO’s
Regional Programme Office in Chennai, India. Many of the concerns raised above have been
reiterated.
Furthermore the evaluation highlights the already mentioned likely operational difficulties
that are likely and US $ 500,000. Also it requires good operational control and frequent
cleaning of membranes (once every week in NaOCl and NaOH).
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It has been stated that in many tannery effluent treatment plants relatively good results are
being achieved with conventional systems and since these are operational it may not be very
attractive to modify the entire biological system to accommodate this type of treatment
system. This is especially the case in those treatment plants where fixed aerators have been
installed in the biological systems, which do not allow for required level variation.
Due to high MLSS levels maintained oxygen requirement will be high which is likely to offset gains made in energy saving due to the smaller sized bioreactor tank.
Whilst it is recognised that the system is patented, theoretically it may be possible to further
modify the membranes to enable it to tackle TDS, chlorides, etc.
In conclusion, application of ultra filtration in combination with revised biological reactor
may in the current situation not be attractive in the region. However when a new effluent
treatment plant is planned under of the projects this option will be taken into account. The
attached report is a good guidance and reference material.
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CONCLUSION ON PRELIMINARY STUDY BY DR. S. RAJAMANI, RePO, UNIDO
Ref: Report on the study travel to Zenon b.v. Arendonk b.v. & Lederfabriek P. Driesen, The
Netherlands (December 1997), based on the work of Mr. Mladen Bosnic, UNIDO
Consultant.
1. BACKGROUND
Conventional effluent treatment system used for treatment of tannery effluent consists of
physico-chemical treatment for the removal of colloidal suspended particles followed by
biological treatment for the removal of dissolved organics.
The biological treatment generally comprises of one or multiple stage aeration units.
Activated sludge treatment is the most commonly adopted biological treatment system for the
tannery effluent treatment. In conventional activated sludge treatment the effluent is aerated
in an aeration basin to develop and create favourable environment for the growth of biomass
and the effluent flows to the settling tank after aeration where the biomass is collected in
concentration in the settled form and re-circulated into the aeration tank to maintain the
required MLSS. This is an integral part of activated sludge treatment, since the efficiency of
the settling tank determines the maintenance of effective activated biomass in the activated
sludge treatment. But in this system not all the biomass could be collected and re-circulated
to the aeration basin and some amount of biomass with suspended solids is discharged in the
supernatant from secondary settling tank with residual solids and often the treated effluent is
turbid.
To improve the biomass concentration and activity in aeration tank the conventional
secondary settling tank system by an ultra filtration unit which retains the biomass inside the
aeration system while allowing better filtered effluent to flow out from aeration tank. The
physical arrangement required to eliminate the settling tank and adopt ultra filtration unit
comprises of ultra filtration membrane and pipelines to carry back the reject from the ultra
filtration unit (with all biomass) into the aeration tank. In order to select and adopt
appropriate cost effective technologies for treatment of tannery effluent, UNIDO under its
Regional Programme for South East Asia has been exploring the feasibility of this option.
This system has been successfully tried on tannery effluent in The Netherlands, and its
performance evaluation was done by Mr. M. Bosnic, UNIDO consultant.
2. MERITS OF THE SYSTEM
The system requires less land space as the ultra filtration unit is much smaller compared to
the conventional settling tank / clarifier. In addition, aeration tank volume also can be
reduced by increasing the concentration of MLSS.
Since total MLSS concentration is retained within the aeration system it is possible to
increase the concentration of MSS to very high levels (25000 – 30000 mg/l) as against
conventional MLSS concentration of 3000 – 4000 mg/l. Due to the build up of MLSS in this
system it is possible to reduce the size of aeration tank, though the aeration capacity required
remains the same.
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The conventional settling tank produces fairly good quality effluent clear from suspended
solids, but the levels of suspended solids and turbidity depend on the operational conditions
and have been observed to be in the range of 50 – 100 mg/l. By using ultra filtration unit, the
effluent practically can be free from all suspended solids and therefore clarity would be
comparatively better.
Due to the reduction of suspended solids in the treated effluent the BOD, COD would also be
comparatively less. Good reduction of organics and colour can be anticipated in the system
using ultra filtration.
The system will be helpful against the shock loads or toxicity due to high MLSS
concentration in the aeration system.
Since large amount of biomass is retained within the aeration tank ensuring sufficient feed for
microorganisms, it is possible to operate biological treatment intermittently with break in
feeding, which is not possible in conventional aeration system.
It is possible to get better nitrification in the system aided with ultra filtration.
The sludge from aeration system aided with ultra filtration system would be better
mineralised due to better endogenous respiration, which mean less quantity as well as less
putrescibility of waste bio-sludge.
This system would be more suitable if the treated effluent is to be further treated in a system
like reverse osmosis for reuse of water and minimise the preconditioning units required for
reverse osmosis.
3. DEMERITS OF THE SYSTEM
The ultra filtration system is a high tech operation and requires specific monitoring
capability. This system is generally not available in developing countries, owing to the low
priority assigned to effluent treatment plants by the industry.
The operation of ultra filtration system necessitates installation of additional aeration systems
allowing level variation in aeration tanks. This means the aeration systems adopted should be
either diffused aeration or floating aeration system. Many of the effluent treatment plants
available in some South East Asian region utilise the fixed type aerators in the aeration tanks.
The very high concentration of MLSS retained in the system requires high mixing and
oxygenation power. So there will not be any change in the total power consumption, mixing
and oxygenation power for the specific capacity suitable for new units and replacing the
existing system may not be attractive.
Retention of all bio solids in the system results in accumulation of toxicity, which could make
some problem in the treatment when the MLSS levels increased beyond a certain level.
The conventional settling tanks is a rugged and common treatment easy to operate and
maintain. The ultra filtration system requires special care for operation and maintenance.
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The life of ultra filtration membrane would be around 2 – 3 years requiring periodical
replacement of membrane and this adds to the operation cost.
4. CONSIDERATIONS
The technology though comparatively advanced, one of the possible future locations for
application of this could be in India.
Almost all working ETPs in India in the tannery sector are achieving relatively good quality
of treated effluent in the conventional treatment systems. As such the interest for such a
treatment modification may not be attractive to the industry at present.
The treatment system combined with ultra filtration technology presupposes low inlet
suspended solids to the aeration tank. In many of the effluent treatment plants in India the
suspended solids concentration in the raw effluent has been observed to be very high and
very few effluent treatment plants are achieving the prescribed suspended solids level of 100
mg/l in the outlet of chemical treatment.
Most of the tanneries in India have already established effluent treatment plants and most of
them are using surface aerators for aeration tanks and with this set up, it may not be attractive
to opt for the system. Hence, the replicability of this PDU is low in the current situation.
The oxygen requirement for effective operation of aeration systems combined with ultra
filtration systems is very high and the high temperature prevailing in this area may adversely
affect the intake of oxygen in the system.
The operational expertise presently available in the region is not very high even in India. A
sophisticated system like ultra filtration requires skilled manpower training, constant
attention and maintenance.
At the moment the membrane price is high and the conventional treatment may be more
economical.
5. CONCLUSIONS
Considering the present situation in South East Asia region, this advanced technology
appears to be ahead of its time for the tannery sector. In future when enforcement authorities
insist on the treated effluent quality requirement including parameter like COD, TDS, etc.
this technology may be found attractive. At this stage a pilot demonstration unit of this type
may be considered in future probably linking the Reverse Osmosis system when adopted for
recovery of quality water.
In the present circumstances, it is recommended to consider this PDU under second phase of
RAS programme and for the present PDU/2C may be closed and the report may be filed for
future reference.
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