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Full-scale experiences with mechanical-biological
pretreatment of municipal solid waste and landfilling
In Lower Saxony three full-scale plants for the mechanical-
biological pretreatment (MBP) of residual municipal solid
waste (RMSW) prior to landfillmg are now in operation. The
three plants support a wide range of mechanical and

encapsulated biological process techniques. In addition to
biological degradation, pretreatment allows mechanical

separation of iron fractions and refuse derived fuel (RDF).
This causes a strong reduction in the need for landfill sites

and hence lowers landfill emissions. To describe the

efficiency of biological stabilization of RMSW several

chemical-physical or biological methods for analysing solid
matter or eluate can be used. On the one hand, chemical-

physical methods determine a large portion of the total

organic carbon (TOC) of pretreated wastes, but often do not
allow a differentiation between mobile (with respect to

degradable) and immobile (with respect to non-degradable)
portions. On the other hand biological parameters explain
only a small portion of the TOC, but are well suited devices
for qualitative evaluation of landfill reactions and emissions.
First results from separate landfill compartments show lower

hydraulic permeability, higher landfilling density, lower

organic and nitrogen concentrations in leachate of landfilled
MBP wastes compared to untreated wastes. An acid phase
with high organic leachate concentrations does not occur.
This will create new requirements for landfilling techniques.
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Introduction
In spite of increasing efforts made to collect recoverable and

non-recoverable waste separately a considerable quantity of
residual waste is left for final depositing m samtary landfills.
The German ’TA Siedlungsabfall’, (technical mstruction for
utilization, treatment and other disposal of mumcipal solid

wastes), has demanded higher standards to be achieved by
May 1994 or June 2005 at the latest. The landfillmg of waste
without pretreatment will not be permitted any longer. To
minimize gaseous emissions and leachate it will be required
to reduce the organic fraction to less than 5% dry weight
(DW). Only thermal treatment can be recommended to

accomplish this goal.
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In Austria the landfill order requires a net caloric value of

Hu = 6000 KJ kg 1 DW for biological pretreated wastes.

This is equal to a level of volatile solids (VS) between 30 and
35% DW. Such an organic content cannot be achieved by
biological treatment alone. Additionally, the mechanical

separation of fractions rich m organic matter like RDF is

necessary.

Further to the legislation on thermal treatment of

residual wastes the government of Lower Saxony is also

trying to establish additional techniques for waste pretreat-
ment. It is fundmg three full-scale demonstration plants for
the MBP of residual waste m association with the Institute

of Sanitary Engineering and Waste Management (ISAH),
at the Umversity of Hanover. The scientific guidance
includes:

. planning, building and process optimizing of all three

plants;
. mvestigations mto landfilling properties and emissions of

pretreated residual waste;
. investigation of fractions consisting of iron and RDF

separated from the residual waste during the process;
. investigation of gaseous emissions during the process;
. developing methods to descnbe biological stabilization of

residual waste after mechanical and biological treatment.

Mechanical-biological pretreatment of RMSW in three
full-scale plants in Lower Saxony
Together all plants have a capacity of 160 000 t y 1. A wide
variety of techmcal solutions for MBP is covered by the three

plants m Luneburg, Bassum and Friesland/Wittmund (see
Table 1 ).

Plant 1

Mechanical processing with separation of fractions consist-

ing of disturbing materials, iron and RDF (material
>100 mm) followed by 16 weeks of composting in a

closed system with outgoing air treatment through air

washer and biological filter (see Fig. 1).

Plant 2

Mechanical processing with separation of fractions consist-

ing of disturbing materials, iron and RDF (>80 mm) and
anaerobic treatment of fractions <40 mm followed by
8 weeks of composting m a closed system.

Plant 3
Mechamcal processing with separation of fractions consist-

ing of disturbing material, iron and RDF followed by 2 weeks
of composting in a closed system with outgoing air treatment

Table 1 Characterization of the three process technological concepts for MBP in Lower Saxony

~/a=tons/annum
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Fig 1 Diagrammatic view of the operation process at the MBP plant in Luneburg (Von Felde & Doedens 1997)

in biological filters and 7 months of after treatment in

openo composting on the landfill with different processing
alternatives.

The pretreated wastes are landfilled in separate landfill
compartments to enable an evaluation of gaseous and

leachate emissions of MBP wastes.

Methods to describe stabilization of residual waste after
MBP

To characterize mechanical and biological treated residual
waste, chemical, physical and biological methods for solid
matter (see Table 2), as well as eluate can be used. In own
examinations beside volatile solids biological activities of

solid matter were measured in the Sapromat, in a laboratory
composting device and anaerobic gas production tests.

Eluate investigations measured parameters according to
German ’TA Sledlungsabfall’ as well as humic acids, 5-day
biological oxygen demand (BODS), nitrogen components
and different methods for toxicity determination. A detailed

description and discussion of the methods is given by Laga

(1984), Doedens, Von Felde, Gnel3e, Broker, Bulow 1995),
Bruggert et al. (1996), Von Felde (1996) and Von Felde &

Doedens (1997).
The real biological emission potential of landfilled MBP

waste cannot be determined on the basis of the standardized

observation time of 4 days in the Sapromat. To achieve this
goal, longer periods of observation or long-term anaerobic
tests are better suited.

Results of MBP in full-scale plants
Investigations show an evident decrease of biological
activity m solid matter between 90 and 98% (see Fig. 2).
The recommended values (respiration activity AT4 = 5

mg02 g-1 DW, anaerobic gas production GB21 = 20 1 kg 1

DW-1 ) (Von Felde 1996) can be achieved during treatment
time m the biological process step (Doedens et al. 1997). Gas

production of MBP waste is an important parameter to

estimate gaseous landfill emissions. It decreases over 90%

from 150 to 250 1 kg DW to below 20 1 kg DW after
MBP. Taking into account the mass degradation during MBP
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Table 2 Comparison of different stabilization criteria for the description of mechanical-biologically pretreated residual waste (Dach et al 1996; MUller et al. 1996,
Von Felde 1996)

Assumption for pretreated waste ~ TOC=150-250 mg Cg-’ DW, AT4= 1 5 to 2 5 mg Cg-’ DW, BSB7= 1 0 to 12 mg Cg-l DW, GB21 =10 to 12 mg Cg-1 DW,volatile solids=25 to 40% DW, 2possibly incorrect results through non-biotic influences

m a range from 40 to 60% by sorting out RDF, ferrous metals
and disturbing compounds as well as by biological degrada-
tion, the emission degradation is even higher.

Volatile solids, limited by TA Siedlungsabfall to 5% DW
exceed this limit and range from 30 to 45% DW after

16 weeks of MBP. The wide range of results m untreated and

Fig 2 Respiration activity and anaerobic gas production dunng the penod of
treatment

treated wastes prevents evaluation of efficiency of biological
treatment (Fig. 3).

Eluates of wastes are made for the qualitative character-
ization of mobility of waste components during the liquid
phase. They present a potential landfill emission, even if the
values of the concentrations measured in eluates cannot be

compared directly to leachate concentrations because

conditions of standardized elution differ strongly from

conditions of real landfilling.

Fig 3 Volatile solids during the period of treatment of materials at the MBP
plant in Luneburg
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Fig. 4 Chemical oxygen demand and TOC in eluate during the period of
treatment of materials at the MBP plant in Luneburg (Von Felde 1998).

Both TOC and COD (chemical oxygen demand)
concentrations in eluates decrease more than 85% dunng
biological treatment (see Fig. 4). The average TOC-

concentration after 100 days of treatment is below

300 mg 1-1. In treated wastes about 60% of TOC consists
of non-biodegradable humic acids (Von Felde 1998) (Fig. 5).
With the exception of TOC all requirements set by the ’TA

Siedlungsabfall’ (i.e. for heavy metals, organic compounds
etc.) are met.
The results in Fig. 6 show a good correlation between

biological parameters m solid matter and TOC. This means
that in contrast to VS, biological parameters are well suited
to describe a potential landfill emission.

Volatile solids of MBP material range from 30 to 40% and

do not meet the requirements set by the ’TA Stedlungsab-
fall’. There is only a poor correlation between VS and

orgamc components m eluate. Thus VS, in contrast to

respiration activity and anaerobic gas production, is not a

viable measure for the qualitative assessment of potential
landfill emissions (Von Felde & Doedens 1997).

Fig 5 Total organic carbon and carbon in humic acids dunng the period of
treatment of materials at the MBP plant in Luneburg

Fig. 6 Correlation between TOC concentrations in eluates, according to
DEV S4 and respiration activity, anaerobic gas production and volatile solids of
materials at the MBP plant in Luneburg (Von Felde 1998).

Landfill properties of MBP wastes
Owing to the larger homogeneity and smaller gram size of
MBP wastes, compared with untreated wastes, a higher
landfill density and lower gas and hydraulic permeability
(Fig. 7) m the range of Kf = 10-7 to 10-9 m s can be
achieved (Bidlingmaier & Scheelhaase 1997, Von Felde &

Doedens 1997).
For gas dramage two main characteristics working against

each other determine the distance of gas drains: the low gas

production potential and the high waste density causing low
gas permeability of the pretreated material. It is to be

expected, that the low gas production will prevent an

economical energetic use of landfill gas (LFG) from MBP
landfills. Thus either flaring or alternative techniques of LFG

disposal will be applicable if gas drainage is necessary at all,
otherwise methane oxidation at the landfill surface should

prevent mtolerable LFG emissions.

Imtial investigations on landfill behaviour of MBP

material were carried out at the MBP plant m Luneburg.
The landfill compartment with an area of 0.5 ha has been m

operation since the summer of 1997. To avoid any damage of

Fig 7. Hydraulic permeability m relation to compression applied to material
at the MBP plant in Luneburg (Von Felde & Doedens 1997)
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Table 3 Characterization of leachate from a full-scale MBP landfill m Luneburg, laboratory landfill simulation and untreated waste compared with German
legislative limits (own results, Ehrig 1980, ATV 1988; Theilen 1995; Leikam & Stegmann 1997)

Limits for direct discharge of leachates according to German legislature N° 51 ’Anhang Abwasser Verordnnag’

the base sealing system landfilled material is left uncom-

pacted. The thickness of MBP waste is about 2.5 to 3 m. The
conditions are still aerobic, and methane concentrations are
below 1 Vol.%.

Analysis of leachate from MBP landfill compartments at
the Luneburg plant in Table 3 and Fig. 8 show COD
concentrations in the range of 700 to 1600 mg 1-t. A wide
COD to BOD5 ratio demonstrates the inertization by MBP.
An acid phase, characterized by high organic concentrations
with high biodegradable portions (of a narrow COD to

BOD5 ratio), does not occur. Inorganic nitrogen, BOD5,
Nitrite and absorbable organic halogenic compounds (AOX)
concentrations are at the German legislative limit for direct

discharge. But COD concentrations that clearly exceed the
German limits demonstrate the necessity for treatment of
leachate from MBP landfills. The wide COD to BODS ratio
and low nitrogen concentrations show that biological
treatment plants used for leachate treatment at MSW

landfills will not affect an optimal solution for treating
leachate from MBP landfills. The low portion of biodegrad-
able organic compounds will surely create new requirements
on leachate treatment.

Several laboratory scale investigations were carried out in

Germany to estimate landfill reactions in short-term

experiments. (Honng & Ehng 1997; Leikam & Stegmann
1997). By scaling up the results the authors sought to

estimate the time necessary for aftercare of gaseous and

liquid emissions. These times range from 50 to 340 years
compared with times of aftercare of untreated wastes of 120
to 440 years. This would mean that the effect of inertization

by MBP is not as high as expected. Our own investigations
show that the initial COD, BODS and nitrogen concentra-
tions m leachate of full-scale MBP material landfilling are
lower than m laboratory tests. This may mean that the

penod of leachate-emissions aftercare could be much shorter
than estimated. At this point further full-scale investigations
m combmation with new calibration of landfill simulation

tests are absolutely necessary.
One important aspect for shortening the period of

aftercare is the possibility of accelerating landfill reactions
at the time of landfillmg and during the period of aftercare.
When a highly efficient base sealmg is achieved, it would be
logical to use the period where the seal is functioning well to
minimize the emission potential by leaching. This could be
affected by treatmg a large portion of the mobile,
biodegradable fractions of waste - instead of rapidly covenng
the waste and minimizing actual emission. In this case the

Fig 8 Leachate concentrations of full-scale landfilling for MBP wastes at the
Luneburg plant
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remaining emission potential is reduced and left to a future
date when the sealing is no longer functioning.

Conclusions
All technological concepts in the three full-scale MBP

demonstration plants for residual waste in Lower Saxony
illustrate the state of the art of MBP in Germany today. They
include mechanical treatment devices that allow a specific
treatment of different waste components by sorting out RDF,
ferrous metals, disturbing compounds and biodegradable
fractions. An air treatment system is necessary for each

recovery method. The concepts substantially differ in the
kind of biological treatment they offer.

Relative organic contents between 30 and 40% DW

clearly exceed the legislative requirements of 5% DW for
sanitary landfill class II in Germany.
The biological activity, measured as respiration activity in

a Sapromat machine, decreases with full-scale aerobic

treatment by over 95% to values of around 5 mg 02 g 
1

DW. The anaerobic gas production decreases by over 98% to

values of around 4 to 9 1 kg DW. Analysis of eluates from
the mechamcal-biologically treated material shows that,
with the exception of TOC, all requirements for class II

landfills according to the standards set by the ’TA

Siedlungsabfall’ are met.
Volatile solids do not correlate with the orgamc load of

the eluates. Thus VS are not an appropriate parameter for

evaluation of potential landfill emission. Respiration
activities measured m a Sapromat machine, as well as

anaerobic gas production show a good correlation to the
organic load of eluates. Therefore, these parameters are at
least well suited devices for the qualitative evaluation of
landfill emissions.

Soil-mechanical properties (especially low gas and

hydraulic permeability) low levels of gas production and
quality of leachates with low organic and nitrogen load,
and small quantities of biodegradable compounds will all

create new requirements for the design of leachate and gas
dramage and treatment. This is the subject of current

mvestigations.
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