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1. DESCRIPTION OF TECHNOLOGY

For the treatment of organic waste, a distinction can be made between 

two major categories: one being aerobic composting and the other being 

anaerobic digestion or biogasification.

In composting, organic matter is degraded by a microbial population consisting 

of bacteria and fungi consuming oxygen and producing CO2, water, compost 

and exothermic heat. Because of the heat production, the temperature in 

a composting pile increases significantly. 

In anaerobic digestion, organic matter is degraded by a microbial population 

consisting of bacteria in the absence of oxygen and producing methane and 

carbon dioxide (= biogas) and compost without practically any exothermic 

heat. The biogas can be treated in a combined heat and power plant (CHP), 

producing electricity and heat, or can be upgraded to bio-methane. Typically 

out of one ton of biowaste, 120 m3 of biogas can be produced with a total 

electricity yield of 250 kWh and a net electricity yield of 200 kWh.

Rather different technologies can be distinguished in anaerobic digestion. 

One distinctive feature is temperature: The temperature is externally con-

trolled, and digesters are run either at mesophilic temperatures (35-40°C), 

or at thermophilic temperatures (50-55°C). In these two temperature zones, 

different types of anaerobic bacteria show maximum activity (mesophilic 

and thermophilic bacteria respectively). The rate of activity is higher at 

thermophilic temperature. 

Further, anaerobic digestion processes can be one-phase (also called 

single-phase) or two-phase. In one-phase anaerobic digestion, the complete 

digestion is taking place in one unit or digester. In two-phase fermentation, 

the first hydrolysis and acidification phase and the subsequent methanogenic 

phase are run in separate tanks. In dry anaerobic digestion, the process is 

run at a moisture content < 85 %, while in wet systems, the process is run 

at a moisture level > 85 %. 

A further distinction can be made between continuous and batch processes. 

In continuous digestion processes, organic matter is constantly (or in stages)  

added to the reactor. In a batch system biomass is added to the reactor at the 

start of the process. The reactor is then sealed for the duration of the process. 

Practically all commercial anaerobic digestion systems consist of a first step 

of anaerobic fermentation, followed by a second step of aerobic composting 

and stabilisation: Since fermentation is a mixed process, the output is not 

fully stabilised or fermented. In order to reduce the residual biological 

activity and to obtain complete maturity of the compost end product, the 

residue from the anaerobic digestion phase is aerobically composted. In 

some countries, however, such as Sweden and the United Kingdom, the 

digestate is immediately used in agriculture.

Anaerobic digestion is particularly suited for organic waste with high moisture 

content such as kitchen waste and food waste, although it can be used for 

various different types of waste streams. Anaerobic digestion plants have 

been built and have been operating for many years for the treatment of mixed, 

municipal solid waste, for organic waste (obtained after source separated 

waste collection), for residual waste and for many types of industrial waste.

Anaerobic digestion is often the preferred organic waste treatment option in 

densely populated areas such as big cities or countries like Japan or Korea. 

This is due to good odour control and a reduced need for surface area. The 

“cascade use” of organic waste by first exploiting its energy potential and 

second producing compost as a fertilizer is increasingly regarded as an 

ideal treatment of organic waste.

Apart from waste treatment, anaerobic digestion has also become an 

important player in the area of renewable energy production out of energy 

crops (e.g. corn). The net energy yield per hectare is higher compared to 

the production of bio-diesel or bio-ethanol. Also in bio-refineries, anaerobic 

digestion could play an important role with high-value plant parts being 

used for green chemistry and residual vegetal matter (after processing or 

in form of low-value plant parts) being treated in anaerobic digestion for 

the production of energy and compost.
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2. CURRENT DISTRIBUTION AND PERSPECTIVE OF TECHNOLOGY

Figure 1 gives an overview of the development of digestion capacity in 

Europe in the last 25 years. From three plants in Europe with a total capacity 

of 120,000 tons per year in 1990, anaerobic digestion capacity in Europe 

is growing to a total of 290 plants and a digestion capacity of almost nine 

million tons per year in 2015. 

Figure 2 gives an overview of the digestion capacity in different European 

countries. Both the total capacity as well as the average capacity per plant 

in a given country is displayed. As can be seen, some countries tend to 

have smaller plants (e.g. Germany, Switzerland, Austria), while others have 

larger installations (e.g. Spain, France). 

In figure 3, for a number of European countries, the evolution of capacity 

is shown in more detail.

Figure 4 gives an overview of the evolution and ratio of respectively wet 

and dry digestion capacity for organic waste in Europe. In the last years, the 

dominance of dry digestion technology has further increased. Concerning the 

temperature ranges, the installed capacity with mesophilic temperatures is 

slightly higher than with thermophilic conditions (57% and 43% respectively). 

The vast majority of installed digestion capacity is single-phase (97%) and 

continuous processes dominate over batch (76% and 24% respectively).1

Digestion capacity in Europe is increasing rapidly. Many digesters are being 

built in Mediterranean countries such as Spain and France. Most plants are 

dry and one-phase, and run at mesophilic temperature. 

FIGURE 1. EVOLUTION OF DIGESTION CAPACITY IN EUROPE (EU + EFTA COUNTRIES) WITH NUMBER OF IN-
STALLED PLANTS
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FIGURE 1. DIGESTION CAPACITY IN VARIOUS EUROPEAN COUNTRIES (2014) IN TONS PER YEAR

1 State of the art of anaerobic digestion of municipal solid waste in Europe in 2015. Bruno Mattheuws, ISWA 2014 – São Paulo.
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FIGURE 3. EVOLUTION OF CAPACITY IN SELECTED EUROPEAN COUNTRIES

FIGURE 4. EVOLUTION AND RATIO OF WET AND DRY DIGESTION CAPACITY
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3. ANAEROBIC DIGESTION AND BIOPLASTICS:

STANDARDS, CERTIFICATION AND LABELLING
Bioplastics are biobased, biodegradable or both. For anaerobic digestion as 

a treatment option of organic waste, the relevant group of biodegradable/

compostable plastics comprise e.g. PLA, starch blends, or PBAT (blended 

with PLA or starch blends). 

Compostable bioplastics currently available in the market are foremost cer-

tified according to the harmonized European standard EN 13432 and thus 

industrially compostable. EN 13432 aims "to determine the compostability 

and anaerobic treatability of packaging and packaging materials".2 Accor-

ding to this standard, "compost is not only the final product of the aerobic 

composting process but also the aerobically stabilized product of the anae-

robic biogasification process".3 In practice, the focus is on the production 

of a final compost, free of contaminants. 

The EN 13432 does not focus on the recovery yield of compostable bio-

plastics as biogas. However, the anaerobic biodegradation can be esti-

mated with specific standards (e.g. ISO 11734, ISO 14853, ISO 15985, 

Ecetoc #28, ASTM D.5210-92, ASTM D.5511-02, ASTM D.5526-94). EN 

13432 also mentions that anaerobic biodegradation and disintegration can 

be verified as an option (not mandatory). For biodegradation, 50% is re-

quired after two months as anaerobic fermentation is followed by aerobic 

composting, during which biodegradation can further continue. With regard 

to disintegration, the standard requires that after five weeks of combined 

anaerobic and aerobic treatment at most 10% of the original sample may 

remain after sieving over 2 mm mesh size. No further details are specified. 

The discussion and standardisation on requirements for anaerobic bio-

degradation or preferably anaerobic treatability is still in an early, initial 

phase. One idea, which is also circulating, is to require only disintegration 

after anaerobic testing, arguing that biodegradation can be achieved in 

subsequent aerobic composting and/or soil application. No specific cer-

tificates or labels on anaerobic treatability exist currently, or are foreseen 

for the near future.

5. INTERACTIONS BETWEEN BIOPLASTICS 

AND ANAEROBIC DIGESTION
In order to be compatible with anaerobic digestion processes, bioplastics 

should, first of all, be biodegraded during the treatment process. Whether 

the biodegradation occurs during the first anaerobic phase or during the 

second aerobic phase has no impact on the quality of the final compost, 

while it clearly has on the biogas production. 

In this context, whether or not bioplastics are produced from renewable 

resources is not relevant. However, some national legislation does require a 

certain minimum amount of renewable resources for compostable plastics 

to enter the organic waste stream.

Concerning technical preconditions of treating bioplastics in anaerobic 

digestion plants, a distinction must be made between the different prevai-

ling technologies. In most dry systems, bioplastics can be added if some 

boundary conditions are fulfilled: They should be reduced in particle size 

before entering the digestion (just like biowaste itself), and sieving should 

be located at the end of the process in order to enable as much biodegra-

dation and disintegration as possible in both the anaerobic digestion and 

the aerobic composting step.

In the case of wet technologies, pre-treatment of bioplastics, e.g. by shred-

ding, is required to make them processable. Otherwise, they might be re-

moved either by flotation or by sedimentation in the first pulping and hyd-

rolysis phase and therefore do not enter the digestion phase at all (except 

with bioplastics that are quickly soluble or dispersible). Another possibility 

is to sort the bioplastics out before digestion and add them directly to the 

second phase, i.e. aerobic composting. 

One major underlying reason why several bioplastics show different bio-

degradation behaviour in aerobic composting and in anaerobic digestion 

conditions is the influence of fungi. Fungi are abundantly available and very 

active in aerobic composting, while in anaerobic fermentation no fungi are 

active. Some polymers are mainly (or even only) degraded by fungi and not 

by bacteria, and will therefore biodegrade only in aerobic composting and 

not, or only much slower, in anaerobic digestion. As a matter of fact, this is 

also the case for the natural polymer lignin, which can be found in wood, 

straw, shells, etc. Other important differences are temperature, moisture 

content, frequency of mixing, and pre-treatment processes.

2 EN 13432: Packaging. Requirements for packaging recoverable through composting and biodegradation. Test scheme and evaluation criteria for the final acceptance of packaging, Scope, Clause 1.
3 Ibid. Clause 5.
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4 Michael Kern, Jörg Siepenkothen: Bio waste potential in household waste. Modelling of collection increase of bio waste from household waste. Müll und Abfall 7/2014, pp. 356.
5 Landfill Directive (1999/31/EC), Waste Framework Directive (2008/98/EC), and the Packaging and Packaging Waste Directive (94/62/EC).

5. LEGAL AND POLITICAL FRAMEWORK
Information on availability of technology in general and in different coun-

tries can be found in chapter 2. With regard to “favourable legislation”, the 

situation is identical to that for aerobic composting and the acceptance of 

compostable packaging in biowaste. 

On EU level, the Landfill Directive requires member states to reduce the 

amount of biodegradable waste going to landfill to 35% of 1995 levels by 

2016 (for some member states by 2020). The Waste Framework Direc-

tive (2008/98/EC) contains specific biowaste related elements, such as  

recycling targets for household waste, which can include bio-waste and  

a mechanism allowing setting quality criteria for compost (end-of-waste 

criteria).

In July 2014, the European Commission adopted a legislative proposal 

under the umbrella of the Circular Economy Package to review waste- and 

recycling-related targets from several Directives.5 This proposal, however, 

was deleted together with the whole Circular Economy Package from the 

Commission’s work programme 2015. A new and more comprehensive 

proposal – again including amendments regarding waste legislation – will 

be presented by the Commission presumably in 2015.

In the form of waste bags for organic waste, compostable plastics can have 

an extra benefit for the biogas yield in anaerobic digestion: The organic 

waste collected with compostable biowaste bags has usually a high energy 

potential due to its high amount of kitchen waste or food scraps with high 

moisture contents.4

Furthermore, as most bioplastics are very rich in carbon and do not contain 

nitrogen (or very little), the addition of bioplastics to biowaste will improve 

the carbon to nitrogen (C/N) ratio of the mixture. Biowaste tends to be low 

in C/N, which is sometimes a problem in anaerobic digestion. By adding a 

carbon-rich substrate, the C/N ratio is increased.

So far, little information on anaerobic biodegradation of bioplastics is 

known, and further research is welcome to assess the potential biogas 

(energy) production due to bioplastics. Ideally, bioplastics would biode-

grade and also disintegrate during the anaerobic phase in an anaerobic 

digestion plant, just as the major part of “natural” biowaste does. However, 

if bioplastics disintegrate during the anaerobic phase and then afterwards 

biodegrade completely during the aerobic stabilisation phase or during the 

use of digestate or compost in soil, it can also be considered to be compa-

tible with anaerobic digestion.

6. BENEFITS AND CHALLENGES OF BIOPLASTICS IN 

ANAEROBIC DIGESTION

6.1   Benefits

 Energy production: Compostable waste bags increase the volumes of  

 organic waste for digestion, (renewable) energy is produced in the  

 form of biogas or heat and the residual matter and biomass produced  

 remains as compost.

 Laminated paper and cardboard items can be recovered in anaerobic  

 digestion system by using bioplastic materials instead of non compos- 

 table ones.

 Anaerobic digestion is often the preferred waste treatment option for  

 e.g. kitchen and catering waste: moist and often smelly waste, which  

 is more difficult to compost (lack of structure material) but ideal to  

 digest. These waste streams are likely to be combined with compos- 

 table bioplastic applications (waste bags, cutlery, etc.).

 Improvement of C/N ratio: Biowaste, especially kitchen waste, is often  

 rich in proteins, the C/N ratio being relatively low (<20), leading to  

 high ammonia levels and reduced digestion rates. Bioplastics usually  

 have a high to very high C/N ratio, improving the C/N ratio and thus the  

 digestion process.

 Since the addition of bioplastics to biowaste is ideally accompanied  

 by a more intensive communication and education campaign about  

 source separation, it will reduce the level of contaminants in biowaste.



8

FACT
SHEET
APR 2015

European Bioplastics e.V.    Marienstr. 19/20     10117 Berlin European Bioplastics e.V.    

Marienstr. 19/20, 10117 Berlin
+49.30.28 48 23 50
+49.30.28 48 23 59
info@european-bioplastics.org
www.european-bioplastics.org

   

phone
fax

e-mail
web

VR 19997 Nz, Amtsgericht Charlottenburg, USt-IdNr. DE235874231
HypoVereinsbank Rosenheim, BLZ 711 200 77, Konto 6356800, IBAN DE26 7112 0077 0006 3568 00, BIC/SWIFT HYVEDEMM448

8. ANNEX - REFERENCES; LINKS ETC
1. Anaerobic digestion of the organic fraction of municipal solid waste in Europe – Status, experience and prospects. 

2. De Baere L., Mattheeuws B. Waste Management, Vol. 3:  Recycling and Recovery – Thomé-Kozmiensky Karl J., Thiel S., p 517-526.

3. Michael Kern, Jörg Siepenkothen: Bio waste potential in household waste. Modelling of collection increase of bio waste from household waste. 

 Müll und Abfall 7/2014, pp. 356.

4. Open-BIO: Opening bio-based markets via standards, labelling and procurement. Work package 6. Managed end-of-life options. Deliverable N° 6.6:  

 Review on standards for biogasification.
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 Not all certified compostable bioplastics will degrade to the same ex- 

 tent in the anaerobic digestion step, and they may perform differently  

 in the different technologies. For this reason, more information is nee- 

 ded on the behaviour of different bioplastics in different anaerobic  

 digestion systems.

 Pretreatment can be a critical factor and determine the processability

 of compostable bioplastics in an anaerobic digestion plant.

6.2   Challenges

 In some AD plants, non-recyclable paper and bioplastics are added  

 to biowaste without hindering the good operation and functioning of  

 these plants for many years already, e.g. the AD plants in Brecht and  

 Tenneville, Belgium (both dry one-stage systems).

 Compostable bags are accepted in various plants, e.g. Skellefteå  

 Sweden (wet one-stage anaerobic digestion plant); SIUS, Passau, Ger- 

 many (dry horizontal plug flow plant); ZAW-SR, Aiterhofen, Germany,  

 (dry batch facility); ETRA, Bassano del Grappa, Italy (dry vertical plug  

 flow plant); ACEA Turin, Italy (wet anaerobic one-stage digestion  

 plant).

7. SUCCESSFUL CASES


