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Compostable plastic bags  
and anaerobic digestion
Field trials in four German facilities
Dr. Michael Kern, Thomas Turk, Axel Hüttner and Ulla Koj

Abstract
The degradation of biodegradable and compostable plastic 
bags certified according to the European standard EN 13432 
and made of Mater-Bi® resin (produced by Novamont) was 
tested in field trials by monitoring the entire process in four 
different anaerobic digestion plants in Germany. Of these 
four AD facilities, two were discontinuous batch processes 
(in the U.S. defined as HSAD, high solids anaerobic diges-
tion) and two were horizontal plug flow technologies. For 
each plant the specific pre-treatment and the anaerobic 
digestion phase as well as the following active composting 
and maturation stages were investigated. The percentage 
of compostable plastics in the input was determined to be 
between 3.5 % and 3.8 % in weight. The total processing 
time of the facilities (AD + composting) ranged between 
five and ten weeks and the main degradation of the ma-
terial took place during the composting stage. At the end 
of the aerobic stabilisation phase, no compostable plastics 
could be found in any of the examined samples, i. e. the Ma-
ter-Bi® material was fully degraded. 

1. Background and reason of this research 
study 
Against the background of the increased use of anaer-
obic digestion to produce energy from municipal or-
ganic waste in Germany, the efficiency of its collection 
in German towns and cities is becoming increasingly 
important. In particular, due to its potentially high bio-
gas yields, many waste management authorities are in-
terested in higher captures of food scraps from house-
holders’ kitchens in their municipal waste collection 
schemes. Even in areas with existing organic waste 
collection, waste analyses are repeatedly confirming 
that a significant proportion of these energy-rich re-
newable raw materials are still remaining in the resid-
ual waste and incinerated, an end of life option which 
does not make much sense for a waste fraction made 
of more than 70 % water. 

In order to increase the collection performance of 
residential organics (particularly food scraps), com-
postable plastic bags can be found in retail stores and 
are already being used in many municipalities as they 
are perceived by the householders as a convenient and 
hygienically safe collection tool. 

Nevertheless, among some German organic waste 
processors there are still doubts about the use of com-

Dr. Michael Kern
Partner and Managing 
Director of Witzen
hausenInstitut für Ab
fall, Umwelt und Energie 
GmbH, coeditor of the 
specialist book series 
“AbfallWirtschaft”.

postable plastic bags.1 This is particularly the case for 
plant operators who exclusively compost biowaste. 
Above all, concerns relate to a potentially increased 
amount of non-compostable plastics entering their sys-
tems and also to a possibly not complete degradation 
during short composting periods. 

In the case of anaerobic digestion plant operators, we 
found a mixed attitude towards the use of composta-
ble plastic bags. Some operators endorse them as a tool 
for achieving higher food waste captures because most 
German anaerobic digestion plants treating municipal 
organics have unsatisfactory biogas yields due to the 
low proportion of food scraps compared to green waste 
in the input feedstock. However, in spite of this basic 
interest driven by the need of higher biogas yields, 
there are still concerns about issues potentially affect-
ing the AD and post-composting phases. Other opera-
tors perceive the handling of compostable plastic bags 
in high technology digestion plants (pre-treatment in 
the plug flow systems, closed bags in the batch plants 
not having a pre-processing stage) and degradation in 
the anaerobic phase as a potential problem, and there-
fore do not accept compostable bags.

Furthermore, some recently built anaerobic diges-
tion plants have a limited size and to keep up with the 
annual amount of municipal organics to be composted, 
have further shortened their processing times, mak-
ing the treatment of compostable bags more challeng-
ing. Finally, there is also concern among decision-mak-
ers that the endorsement of compostable bags could 
lead to additional use of non-compostable polyethyl-
ene bags. 

Prior to this study, field trials conducted to investi-
gate the degradation behaviour of compostable plas-
tic bags in Germany had almost exclusively considered 
composting plants only. Systems making a cascading 
use of organics, i. e. composting with upstreams an-
aerobic digestion, had not yet been scientifically in-
vestigated.

Against this background, IGLux Witzenhausen 
GmbH and Witzenhausen-Institut GmbH were com-
missioned by Novamont SpA (manufacturer of the 
compostable resin Mater-Bi®) an investigation and eval-
uation of the degradation behaviour of compostable 

1   The term “biodegradable and compostable” used in this paper 
refers to items made of compostable materials which are offered 
explicitly for the collection of organics, whose biodegradability 
and compostability has been tested according to the standards 
DIN EN 134342 and/or DIN EN 14995. 
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For all trials, municipal organics collected from 
households of the town of Braunschweig was used. In 
cooperation with the company ALBA Braunschweig 
GmbH, a test neighbourhood was selected in the south-
ern part of the town where a ventilated kitchen con-
tainer and a sufficient number of compostable bags 
were distributed for free to 1,500 households.

The building development structure consisted pri-
marily of single family houses and terraced houses. In 
prior residual waste analyses the Technical University 
of Braunschweig found that even in this setting large 
quantities of kitchen scraps get disposed into the resid-
ual waste and non-compostable plastic bags are used 
increasingly for the collection of kitchen organics. 

The quality of the collected organics in the test area 
was determined by specific waste analyses. Participation 
by the householders was investigated using a question-
naire, supported by a Master’s thesis of the Leichtweiß 
Institute of the Technical University of Braunschweig.

The sample material was transported to the 4 fa-
cilities and fed into the standard processing chain of 
each plant. Only at the Brandholz facility after a size 
reduction operated by a two-shaft shredder and a star-
screen sieving process, the oversized fraction was sep-
arated and sent to combustion with energy recovery. 
The proportion of the oversized fraction ranged be-
tween 15 % and 20 %. About 30 % of the compostable 
plastic bag fragments were also separated with the 
over-sized fraction.

In the Braunschweig facility, after pre-crushing by 
a screw mill, the material was screened and the fine 
fraction fed directly into the digester. The over-sized 
fraction instead, was fed into the digester after second-
ary high speed shredding. 

In the two batch plants, the complete material load 
was put into the digester after bag opening or shred-
ding. 

Parallel to the samples coming from the test neigh-
bourhood in Braunschweig, standard reference sam-
ples were prepared so to evaluate a possible influence 
of the biowaste composition on the degradation rate 
of the compostable plastic bags, thus ensuring a better 
comparability between the different anaerobic diges-
tion plants. Kitchen waste, mainly vegetable and fruit 
scraps, cooked food, old bread and easily degradable 
components and animal by-products (meat, fats etc.) 
were used. The material went through a size reduction 
by coarse crushing and for each sample of 5 kg 3 com-
postable plastic bags were used (Fig. 2). 

About 20 onion net bags were filled with about 20 li-
tres of organics each. The sample bags were placed in 
cage boxes and put in the digesters for the entire an-
aerobic phase.

plastic bags during comprehensive field trials in four 
different AD and composting facilities in Germany. 

The aim was to investigate how material flow man-
agement and processing and anaerobic digestion tech-
nology with downstream composting are affecting the 
degradation behaviour of compostable plastic bags 
along the entire process chain. Depending on pre-treat-
ment, screening and manual selection, the composta-
ble plastic bags were therefore directed into various 
material streams at the facility. Each of this streams 
was individually monitored, analysed and evaluated. 

In order to cover the wide range of different tech-
nologies, continuous and discontinuous dry anaerobic 
digestion plants and different pre-processing tech-
niques were taken into consideration. The field trials 
were carried out in two discontinuous processes (dry 
batch processes, HSAD) and two continuous processes 
(plug flow processes). The following four anaerobic di-
gestion and composting facilities were involved in the 
trials:

The technologies used by these four plants cover a 
large proportion of existing German facilities treat-
ing municipal organics. We would also like to thank 
the plant operators for giving us access to their facili-
ties and providing operational support during the tri-
als. The trials were carried out from April 2016 to Oc-
tober 2016. 

2. Sample material and testing

For each of the four facilities i. e. for each of the four 
processing configurations, between two and four 
tonnes of collected organics were used (about 50 % of 
the organics were contained in Mater-Bi® bags whilst 
the rest was loose garden waste). The sample material 
was mixed to be as homogeneous as possible. 

1. Braunschweig- Watenbüttel
Operator: Company ALBA
System: Plug flow system, Buhler/ 

Kompogas
Capacity: 20,000 T*y
Established: 1997

2. Brandholz
Operator: RMD Rhein-Main Deponie 

GmbH
System: Plug flow system, Thöni
Capacity: 25,000 T*y
Established: 2016

3. Bioenergy Park Saerbeck 
Operator: Entsorgungsgesellschaft 

 Steinfurt mbH
System: Batch system, BEKON
Capacity: 45,000 T*y
Established: 2014

4. BMV Venneberg (Lingen)
Operator: Abfallwirtschaftsbetrieb 

 Landkreis Emsland
System: Batch system, WTT
Capacity: 19,600 T*y
Established: 2012

Fig. 1
Collection neighbour-
hood in Braunschweig 
South and collected 
feedstock to be tested 
in the four facilities
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In the case of plug flow technologies, the sample 
nets could not be safely put in the digester without 
the risk of losing them. This issue was solved by put-
ting these samples in the thermophilic batch digester 
at the Saerbeck plant instead and then returning them 
in the aerobic treatment stages following the digestion 
stage of the original plug flow plants (i. e. active com-
posting and maturation). 

Apart from the technical exception described above, 
all the samples remained embedded in the entire pro-
cess chain of the selected plants. All mechanical pro-
cessing, e. g. transfer operations and input or extrac-
tion procedures were simulated for the embedded sam-
ple material. 

The progress of the degradation of the compostable 
plastic bags was documented after the anaerobic phase 
and during the aerobic phase by continuous, possibly 
weekly, extraction and analysis of samples, until the 
very end of the aerobic stage.

Samples were extracted and analysed for each of the 
following stages: 

◆◆ After the anaerobic phase (digestion) 
◆◆ During the aerobic phase: after active composting 
◆◆ During the aerobic phase: after maturation

The investigations of the processing stage after which 
the compost was finished and ready to be used in agri-
culture were of particular importance, having to com-
ply with the RAL quality mark criteria and the German 
fertilisers regulation. 

The compost samples were analysed by a certified 
laboratory with regard to the following test param-
eters: 

◆◆ Visual assessment and photo documentation 
◆◆ Foreign substance content according to the RAL 

quality mark criteria
◆◆ Total surface area of compostable plastic residues 

per litre of compost
◆◆ Water content 
◆◆ Organic dry matter content
◆◆ Compost stability (Rottegrad)

Table 1 summarises the process chain in the four facil-
ities, showing the duration of the single process steps. 
The total treatment time (anaerobic phase plus aero-
bic phase) ranged between five and ten weeks. The re-
tention time obviously has a significant impact on the 
extent of degradation of the compostable plastic bags. 
The longer the retention time, the more likely the com-
plete degradation of the compostable plastic material, 
even though the processing and pre-treatment tech-
nology would also have a significant influence on their 
speed of degradation. 

In addition to the different pre-treatment methods 
(crushing/screening/extraction), the different anaero-
bic digestion systems (continuous and discontinuous) 
need to be mentioned, because in the trial the contin-
uous plug flow AD stages were replaced by the ther-
mophilic batch AD stage of the Saerbeck plant. How-
ever, also the aerobic post-composting stage differed 
significantly in all four systems. The residence time in 
the enclosed active composting stage following anaer-
obic digestion ranged between one and two weeks. The 
subsequent compost maturation phase was mostly cov-
ered by a roof (open only at the Watenbüttel facility); 

Fig. 2
Individual components (left) and pre-assembled reference sample (right)

Fig. 3
Samples in cage box

Fig. 4
Samples in net bags and empty cage boxes. Full cage box in batch digester

Fig. 5
Sorting the samples (left), compostable plastic film fragments sorted out from fresh biowaste and 
cleaned (right) 
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the turning process was managed by front end load-
ers in two plants and compost turning machines in the 
other two. The final compost maturation step ranged 
between one and five weeks.

3. Results

Fig. 6 shows the entire process chain and the times 
of the samples taken using the Lingen plant as an ex-
ample. The compostable plastic bags contained in the 
samples were photographed. After the aerobic stabili-
sation stage (see photo on the right, Fig. 6), there were 
no more compostable plastic residues to be found. 

Table 2 shows the total degradation results in the 
four plants. On average, the proportion of composta-
ble plastic in the input material was between 3.5 % and 
3.8 % by weight. The partially demonstrated degrada-
tion of the compostable plastic bags in the anaerobic 
phase could not be further verified. The fact that the 
value in the Lingen plant even rose after anaerobic di-
gestion is due partly to the fluctuation of the composta-
ble contents in each sample and partly to the feedstock 
total mass reduction caused by its conversion to bio-
gas. With specific reference to the anaerobic digestion 
phase, the variability in the results of the field trials 
do not allow any definite conclusions regarding the ac-
tual degradation performance of the compostable bag 
fragments in this environment. However, an already 
significant softening of the material and swelling of 
the compostable plastic bags after the anaerobic phase 
was visually clearly recognisable. 

After the active composting stage a further reduc-
tion in the compostable plastic proportion was deter-
mined. Intensive pre-shredding (e. g. in Braunschweig), 
as well as intensive composting clearly had a positive 
effect on the quick degradation of the compostable 
bags.

After the end of the aerobic stabilisation phase, no 
further compostable residues could be found in the 
samples from any of the plants.

In conclusion, it can be stated that the composta-
ble bags in all four plants were completely degraded 
within the standard process time of each facility.

Authors’ address
Dr. Michael Kern, Ulla Koj, Thomas Turk, Axel Hüttner
Witzenhausen Institut für Abfall, Umwelt und Energie GmbH 
WernerEisenbergWeg 1, 37213 Witzenhausen (Germany)

Table 1
Summary of the process chains in the four trial facilities

Processing 
phase

Facility 1
Saerbeck

Facility 2
Braunschweig

Facility 3
Lingen

Facility 4
Brandholz

Pretreatment Bag opener Rotating screw
Manual sorting

Disc grinder

Rotating screw Double screw 
grinder

Star screen

Anaerobic 
 Digestion

4 Weeks 3 Weeks 3 Weeks 3 Weeks

Technology Batch  
(thermophilic)

Plug flow  
(thermophilic)

Batch  
(mesophilic)

Plug flow  
(thermophilic)

Active 
 Composting

1 Week 2 Weeks 1,5 Weeks 1 Week

Technology Aerated tunnel Aerated static 
piles

Aerated tunnel Aerated tunnel

Maturation 5 Weeks 2 Weeks 5 Weeks 1 Week

Technology Windrow turner Front end loader Windrow turner Front end loader

Total duration 10 Weeks 7 Weeks 9,5 Weeks 5 Weeks

Fig. 6
Sampling process and degradation steps in facility 3, Lingen. (Photo on 
left: washed compostable plastic bag fragments)

Pretreatment Anaerobic 
 Digestion

Active 
 Composting Maturation Refining

RT: 21d

18 Samples

3 Samples 3+1 Samples 3+1 Samples 6+1 Samples
(15 Test 
samples
3 Reference 
 samples)

RT: 8 d RT: 35 d

Table 2
Summary of degradation results in the four facilities (weight % of com-
postable bag fragments on total dry matter at each processing step)

Presence of 
compostable 
plastics[% in 
weight on dry 
matter]
incl.  sticking 
organics
Averages

Saerbeck Braunschweig Lingen Brandholz

Input 3,8 % 3,7 % 3,5 % 3,8 %

After anaerobic 
digestion

1,6 % 2,1 % 4,0 % 2,3 %

After active 
composting

1,2 % 0,6 % 0,4 % 1,2 %

After maturation 0 % 
(3 weeks)

0 % 
(2 weeks)

0 % 
(5,5 weeks)

0 % 
(2 weeks)

Result Full degradation within standard processing times of all analyzed facilities
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