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SUMMARY: The increasing demand for technologies that are able to support the efforts to
protect resources like groundwater and inshore waters from further contamination do include
those applied for the purification of landfill leachate. The leading technology in this area is the
membrane process reverse osmosis, as with this process the purification needed to reduce the
negative impact of landfill leachate on the environment can be reached reliably. Depending on
the quality of the leachate an overall volume reduction between 75 and 80 % is possible using the
combination of different reverse osmosis stages. An additional process, based on the combination
of seeding technology, nanofiltration and hydro cyclone classification, allows now to increase
this overall permeate recovery — depending from the quality of the raw leachate — in the range of
90 to 95%, and thus to reduce the cost for handling and further treatment of the residual liquid. A
description of the process is given. Results from investigation and of more than one year of
operation of a full scale plant on a landfill site are presented.

1. INTRODUCTION

The increasing demand for technologies that are able to support the efforts to protect resources
like groundwater and inshore waters from further contamination include those applied for the
purification of landfill leachate. The leading technology in this area is the membrane process
reverse osmosis (Peters, 1999; Peters, 2003), as with this process the purification needed to
reduce the negative impact of landfill leachate on the environment can be reached reliably.
Thereby on many landfill sites the most economical and environmentally friendly way to treat
landfill leachate is to reduce its volume by 70 to 75 % using reverse osmosis and then return the
retentate, also addressed as concentrate, to the landfill body by controlled infiltration (Peters,
2001). The landill, operating as a bioreactor, will produce valuable landfill gas, accelerating at
the same time the desired immobilization of organic compounds by improving the biochemical
degradation in the waste itself. If this technical approach is not applicable, then the process must
achieve higher permeate recovery rates. This is possible using a combination of reverse osmosis,
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nanofiltration and controlled crystallization to reduce the amount of liquid that has to be send to a
final treatment step. This allows at the same time to reduce the cost for the handling and for the
treatment of this residual liquid. If controlled infiltration is envisaged, less volume helps also to
invalidate any concern addressing the stability of the landfill body.

2. STAGED REVERSE OSMOSIS SYSTEM FOR VOLUME REDUCTION

Based on specifically adapted membranes and problem oriented open channel technology for the
membrane elements, reverse osmosis in multistep units is in successful operation in this market.
Depending on the quality of the leachate to be treated an overall volume reduction between 75
and 85 % is possible (Liidtke, 1994; Peters, 1996).

Thereby the multistep units usually are a combination of:

2.1: a “leachate stage” operated at 6,000 to 7,000 kPa (60 to 70 bar),

2.2: a so cold “concentrate stage” operated at up to 1,200 kPa (120 bar), and

2.3: a “permeate stage”, operated usually at about 40 bar.

This “permeate stage” is used as polishing step for the permeate of the leachate stage and the
concentrate stage, if this is necessary to achieve the values imposed by legislation for the
discharge of this permeate. In some cases this permeate stage has not to be used, as one step
reverse osmosis does achieve the requested quality.

In Figure 1 is presented by way of example this kind of staged reverse osmosis system in
successful operation since 2008 on the landfill of the OSTMECKLEMBURGISCHE
VORPOMMERSCHE VERWERTUNGS- UND DEPONIE GmbH (OVVD) at Rosenow in
Germany (ROCHEM, 2011).
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Figure 1. Staged reverse osmosis system on the landfill Rosenow
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3. INCREASING VOLUME REDUCTION USING NANOFILTRATION
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Figure 2: Volume reduction by combining reverse osmosis with nanofiltration (Peters, 1996)

From the need to achieve a further reduction of the amount of retentate or concentrate
respectively in order to decrease the cost for the transport or the final treatment step of the
residual liquid obtained from the purification of landfill leachate with reverse osmosis, even if a
staged process has been applied, resulted 1994 the development of the combination of these
reverse osmosis stages with a process step based on nanofltration as shown in Figure 2 (Peters,
1996; Rautenbach et al., 1994). Such unit startet operation in September 1994 on the landfill
Ihlenberg with a permeate recovery rate of over 95 % based on an average specific energy
demand of 8.5 kWh per m3 of permeate.

The high permeate recovery is possible due to a fractionated separation, also addressed as
“cold crystallization”. As at high permeate recovery rates the solubility limit of some
components in the raw water has been reached, a well-directed precipitation can assist to
separate part of the components from the water as undisssolved particles. This avoids the
precipitation of crystals on the membranes and thus the formation of scaling that could reduce
the flux up to clog the membranes.

As e.g. the precipitating calcium sulphate crystals entrain organic particles in the submicron
range, also a reduction of the organic contamination present in this leachate concentrate can be
reduced. It will be discharged with the sludge-like residue from the precipitation tank
(Rautenbach et al., 1994).

The reduction of the scaling potential allows on the other hand to increase the overall
permeate recovery rate by feeding this water again to the nanofiltration. The permeate from the
nanofiltration unit, that is characteristed by a low scaling potential, can be treated with high
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pressure reverse osmosis and thus increase the total amount of permeate produced.

It may be mentioned, that the use of nanofiltration in the treatment of landfill leachate has
been investigated also otherwise. One example, where the aim has been between other to achieve
a reduction of the treatment cost of landfill leachate, has been presented in 2003 (Woelders et al.,
2003). The separation of the mono-valent salts like chloride, potassium and sodium from the
other components in the leachate allows for the reduction of the amount of residue. These
components accumulate in the permeate of the nanofiltration. As these do not contribute to the
formation of scaling, a further treatment of the nanofiltration permeate with reverse osmosis and
a reduction of the remaining volume that has to be send to further treatment, like controlled
infiltration or e.g. incineration, is possible.

4. FURTHER OPTIMIZATION USING SEEDING AND HYDROCYCLON

The development of a new generation of open channel module, addressed as ST module (Spacer
Tube), and its very successful application in the purification of landfill leachate with reverse
osmosis, has been the reason to use this module type also with nanofiltration membranes in order
to be installed for the purification of high contaminated industrial waste water.

Based on the former experience in the area of purification of landfill leachate with staged
membrane processes and the well-directed precipitation, a new concept which combines seeding
technology, nanofiltration and hydro cyclone classification has been developed (Héger, 2011;
ROCHEM, 2010).
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Figure 3: hybrid process for minimization of the volume of landfill leachate (ROCHEM, 2011)
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In comparison to the developmemt that has been started 1994, now the significant volume
reduction, that is an important aspect for decreasing the orerall cost for the handling of landfill
leachate, can be achieved without a second high pressure reverse osmosis unit. And thus with a
lower energy demand and less technological efforts due to omitting the high pressure membrane
devices.

5. EXPERIMENTAL STUDY

After initial tests under real conditions with different pilot units for the combination of seeding
technology, nanofiltration and hydro cyclone classification (ROCHEM, 2010), the different
process steps of the innovative cost saving concept for the treatment of landfill leachate have
been investigated scientifically in the frame of a diploma thesis (Hédger, 2011) in order to obtain
reliable data and optimize the frame conditions for the overall process.

As main advantage of the controlled or well-directed seeding respectively, already during
wastewater treatment with membrane technology in the 60tees has been identified, that by
dosing seed crystals with characteristic of the species in the phase of oversaturation of e.g.
CaSQy, the crystallisation will occur on these seeding crystals in the liquid to be treated and not
on the surface of the membranes. With this effect the formation of scaling on the membranes,
that influences negatively the permeate flow up to the point of clogging the membranes, can be
avoided. Also larger intervals between each cleaning of the membranes can be achieved.

5.1 Apparatus

For the investigation a test plant equipped with high pressure pump, usual hydraulic devices,
diverse measuring equipment and two PT modules has been used (Figure 4). These PT modules,
consisting of a pressure vessel and an inserted membrane element stack that is composed of
membrane cushions and hydraulic discs, are characterised by an open feed water channel.
Therefore the membrane element in this system is unlikely to block and allows for the presence
of particles in the feed water of about hundred micron diameter without creating operational
problems.
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Figure 4: test plant with PT modules and Figure 5: CaSOq crystals in sludge
Nanofiltration membranes after hydro cyclone
(Hager, 2011) classification and drying

(ROCHEM, 2011)
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5.2 Experimental procedure

Water mixed with saturated CaSQOy-solutions containing different concentrations of the seeding
crystals, and in a second series of trials landfill leachate to which the same saturated CaSOs-
solutions have been dosed, has been pumped through the PT module under control of the process
temperature. The particle size distribution in the retentate and the effect of the seeding
technology on the permeate flows have been analized.

A hydro cyclone for separating the crystals from the retentate produced from landfill leachate
with the nanofiltration membranes has been designed, simulated and tested.

5.3 Results and discussion

The most important factor influencing the controlled formation of crystals in saturated solutions,
and with this the control of the formation of scaling on membranes during the purification of
landfill leachate with nanofiltration, is the concentration of the seeding crystals that have been
dosed into the solution. The oral presentation will include related specific data and results
obtained for the permeate flows.

Results obtained with the hydro cyclone considering specially the CaSOs-crystals (Figure 5)
have been similar to those resulting from previous trials using the combination of seeding,
nanofiltration and hydro cyclone classification for the further treatment of retentate obtained
from a staged reverse osmosis unit on a landfill under real operating conditions (ROCHEM,
2011).

6. INDUSTRIAL SCALE PLANT

The technological approach that combines seeding, nanofiltration and hydro cyclone
claissification has been realized in a containerized plant. This has been installed on a landfill site
in Spain (Figure 6). Results obtained during operation between February 2010 and March 2011
are shown in Figure 7.

Figure 6: containerised nanofiltration based plant on a landfill site in Spain
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Figure 7: Operation results of the containerized plant in Spain using seeding, nanofiltration and
hydro cyclone from February 2010 to March 2011 (ROCHEM, 2011)

Of special interest is the high recovery rate in the range of nearly 50 % obtained after
stabilization of the process despite the high fluctuations for the value of the electric conductivity
in the feed.

7. CONCLUSIONS

Basis for the possibility to reduce significantly the volume of landfill leachate that has to be send
to further processing has been the use of membrane elements and modules with open channel
characteristic, as only these allow for a reliable long term operation with reduced scaling and
fouling potential on the membranes.

Also a very efficient chemical cleaning of the membrane elements, that is realized in cycles
that are adapted to the operation of the plant depending on the quality of the raw water, is
possible with these open channel membrane elements. Here have been used in the past for
reverse osmosis the DT module and the PT module as well as for nanofiltration the DTF module,
being the module type used successfully for both application since about 2005 also the ST
module.

The combination of these open channel modules equipped with nanofiltration membranes
with seeding technology and a hydrocyclon classification allows for an optimization of the
purification process and to achieve a further very high reduction of the volume of landfill
leachate and thus of the cost for the handling of this contaminated liquid that is inevitable on
sanitary landfills.



Sardinia 2011, Thirteenth International Waste Management and Landfill Symposium

REFERENCES

Higer, B. (2011) Aufbereitung von Deponiesickerwédssern mit Nanofiltration unter Verwendung
einer Seeding-Verfahrensstufe. Diplomarbeit, Technische Universitiat Hamburg-Harburg, Juni
2011

Liidtke, K. (1994) Deponiesickerwasser mit Hochdruck reinigen. UMWELT, 4/94

Peters, Th. (1996) Reinigung von Deponie-Sickerwasser durch Membranfiltration mit Permeat-
Ausbeuten iiber 95 %. UMWELT TECHNOLOGIE AKTUELL UTA, 2/96, 130-134

Peters, Th. (1999) Past and future of membrane filtration for the purification of landfill leachate.
Proceedings Sardinia 99, Seventh International Waste Management and Landfill Symposium,
CISA publisher, Cagliari, vol. II, 335 - 344

Peters, Th. (2001) Biodegradation and immobilisation in the landfill body based on controlled
infiltration of leachate concentrate. Proceedings Sardinia 2001, Eight International Waste
Management and Landfill Symposium, CISA publisher, Cagliari, vol. II, 123-132

Peters, Th. (2003) 20 years experience with reverse osmosis in leachate treatment. Proceedings
Sardinia 2003, Ninth International Waste Management and Landfill Symposium, CISA
publisher, Cagliari, vol. 1, 945-958

Rautenbach, R., Linn, T., Garbering, C. (1994). Behandlung von Konzentraten aus der
Deponiesickerwasseraufbereitung durch Nanofiltration. Report, Institut fiir
Verfahrenstechnik, Aachen

ROCHEM (2010). Personal information

ROCHEM (2011) Company leaflet ”"Nanofiltration”

Woelders, H., Schonewille, H. (2003) Leachate treatment by direct capillary nanofiltration.
Proceedings Sardinia 2003, Ninth International Waste Management and Landfill Symposium,
CISA publisher, Cagliari



