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Abstract
Landscape, garden wastes and kitchen food wastes can account for a large proportion of the waste
materials. Home composting is a practical and convenient way to handle the waste and will play
an important role in the near future. As the main bulk of domestic waste disregarded food is made
up of paper and plastics there is a great deal of interest in production of paper and plastic
materials that can be safely and easily composted and used as fertilizers in soil. An important
condition for the broad industrial acceptance of such materials is development and standardisation
of methods that define and measure compostability. The main goal of this study was therefore, to
develop a suitable laboratory test method that can simulate and accelerate a typical home compost
environment in the Nordic climate. In order to develop such a test method, the results from a pilot
study with regard to temperature, pH, water content and the rate of disintegration were used. A
laboratory test cycle was designed and evaluated using different biodegradable materials. The
outcome was that the laboratory test method indeed simulated a typical home compost
environment in the Nordic climate. However, the rate of disintegration in the laboratory tests
seems to be of the same magnitude as in the pilot scale which implies that no acceleration has
been obtained.
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Summary
For some paper and plastic materials the best solution to the waste problem is that they follow the
organic domestic waste and garden waste into home composting. However, an important
condition for the broad industrial acceptance of home compostable materials is development and
standardisation of methods that define and measure compostability, which was the goal of this
work. In order to develop a suitable laboratory test method that can simulate and accelerate a
typical home compost environment in the Nordic climate, it was necessary to obtain knowledge
about important parameters that prevail in home composting.
For this reason, two parallel home composting bins were placed outdoors at two different test
sites viz. at Jordforsk in Ås, Norway (climate zone 1-2) and at SP in Borås, Sweden (climate zone
4-5). They were supplied with new organic waste (potatoes, dog food, bread and cutter dust)
every second week in amounts corresponding to the production of waste from a household of 5
persons. Different test materials were put into plastic frames and buried in the compost. In order
to control the process efficiency and find interrelationships between decomposition rate and
important parameters, temperature, acidity (pH), and water content were measured in the
composts. The rate of disintegration was evaluated by examination and photographing of the test
samples that were taken out after different periods of composting.
The laboratory test method was based on the use of solid-state test systems containing fresh or
mature compost used as a solid bed, source of nutrients and an inoculum rich in microorganisms.
Two test series were performed in laboratory scale in order to optimise the method in terms of
temperature cycle and composting efficiency. Factors such as labour needed to perform the tests
and inconvenience such as bad smell from the compost was also noted. In order to follow and
evaluate the rate of degradation of the test materials they were photographed at different time
intervals during the composting cycles.
It has been demonstrated that laboratory tests are able to simulate the natural home composting in
Nordic countries. However, the rate of disintegration in the laboratory tests seems to be of the
same magnitude as in the pilot scale which implies that no acceleration has been obtained. Still,
the control offered by the laboratory tests as opposed to the variability found outdoors is an
attraction as it offers the possibility of relating the rate of disintegration to various environments
more confidently. An acceptance of plastics for home composting should, for those reasons, be
based on the method proposed.
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1

Introduction

1.1

Domestic waste

The question of how to dispose domestic waste in the environmentally friendly way is now
becoming increasingly important. In Europe and Japan there are few sites left which can be used
for landfilling and in some countries like Sweden, landfilling of organic waste is already
prohibited. Since the main bulk of domestic waste disregarded food is made up of paper and
plastic materials there is a great deal of interest in recycling paper and plastics and in
development and production of paper and plastic materials that can be safely and easily
composted and used as fertilizers in soil. This trend is encouraged by different measures taken by
governments. In the Swedish government bill, the following intermediate goals are specified1:
1. 2010 at the latest, at least 50 % of domestic waste shall be recycled by way of material
recycling including biological treatment.
2. 2010 at the latest, at least 35 % of food waste from household, restaurants, institutional
kitchens and shops shall be recycled by biological treatment. The target concerns sorted
out household waste for home composting as well as for central treatment.
3. 2010 at the latest, food waste and equivalent waste from food industry etc. shall be
recycled by biological treatment. The target concerns such waste that occurs without
being mixed with other waste and is of such quality that it is suitable to bring it back to
the cultivation of plants after pre-treatment.
In 2001 the Danish EPA (The Danish Environmental Protection Agency) launched a project with
the aim to analyse the amount and composition of domestic waste2. The project had two
objectives: 1) to map the amount and composition of domestic waste from one household and, 2)
to evaluate schemes for citizens to compost the organic part of their domestic waste in their own
gardens. The result of this investigation was that a household in a single-family home generates
an average of 10 kilos domestic waste per week. Households in multi-storey buildings generate 8
kilos per week. The composition and the amount of domestic waste are summarized in table 1.
Table 1. Generated domestic waste analysed by type of home (tonnes per year).

Fraction

Multi-storey
buildings1)

Single-family
homes2)

All households 3)

Relative
distribution
(%)

Non-processed vegetable waste

83,803

174,298

258,101

22,6

Other vegetable waste

32,232

69,870

102,102

8,9

Animal waste

38,183

75,129

113,311

9,9

Recyclable paper and cardboard

47,604

73,626

121,230

10,6

Wiping paper

15,868

21,787

37,655

33

Other clean, dry paper

8,430

15,026

23,456

2,1

8

Other dirty paper

22,314

57,098

79,412

7,0

Recyclable plastic packaging

9,422

17,280

26,701

2,3

Other plastic

26,777

51,087

77,865

6,8

Garden waste, etc.

11,901

38,316

50,217

4,4

Nappies, etc.

34,711

39,067

73,778

6,5

Other inflammable

21,323

37,564

58,887

5,2

Glass packaging

10,413

18,782

29,196

2,6

Other made of glass

1,488

2,179

3,666

0,3

Metal packaging

8,926

21,787

30,713

2,7

Other made of metal

3,471

3,381

6,852

0,6

Other non-flammable

16,364

27,046

43,410

3,8

Compounded products

992

751

1,743

0,2

Hazardous waste

496

1.352

1,848

0,2

394,718

746,778

1,141,496

100,0

Total waste
1.

Single-family homes include: farmhouses (122 336 households), townhouses, semi-detached houses
and two-unit houses (311 974 households), houses on a separate stand (996 156 households) and
(inhabited) holiday homes (14 314 households). A total of 1 444 780 households.
Homes in multi-storey buildings (953 609 households) and single-family homes (1 444 780
households). A total of 2 398 389 households.
Shared households – i.e. institutions, etc – (13 497 households) and other types of full-time residence
(13 699 households) have not been included in the survey.

2.
3.

According to the statistics from RVF (The Swedish Association of Waste Management) in
Sweden, 90 % of the domestic waste in 2004 was forwarded to recycling. Material recycling
stand for 33,2 %, biological treatment for 10,4 % and energy recovery for 46,7 % of the total
waste treatment. However, the government desires further development towards increased
material recycling and biological treatment3.

1.2

The process of composting

In the process of composting, different microorganisms break down organic matter and produce
carbon dioxide, water, heat, and humus, which is a relatively stable organic end product. Under
optimal conditions, composting proceeds through three phases where different communities of
microorganisms predominate during the various composting phases4.
1.

Mesophilic, or moderate-temperature phase. Initial decomposition is carried out by
mesophilic microorganisms, which rapidly break down the soluble, readily degradable
compounds. The heat they produce causes the compost temperature to rapidly rise. This
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phase lasts for a few days.
2.

Thermophilic, or high-temperature phase. As the temperature rises above about 40 °C, the
mesophilic microorganisms become less competitive and are replaced by others that are
thermophilic. During the thermophilic phase, the high temperatures accelerate the
breakdown of proteins, fats, and complex carbohydrates like cellulose and hemicellulose,
which are the major structural molecules in plants. At temperatures of 55 °C and above,
many microorganisms that are human or plant pathogens are destroyed. Temperatures
above about 65 °C deactivate many forms of microbes and limit the rate of
decomposition. Therefore, compost managers use aeration and mixing to keep the
temperature below this point. The thermophilic phase can last from a few days to few
months.

3.

As the supply of the high-energy compounds becomes exhausted in the compost, the
temperature gradually decreases and mesophilic microorganisms once again take over for
the final phase of maturation of the remaining organic matter. This cooling and
maturation phase can last for several months.

1.3

Home composting

Home composting is a “controlled” microbial process that converts organic materials such as
grass clippings, shredded branches, leaves, and some kitchen food waste into a high-quality soil
conditioner. Home composting requires a careful balance of materials, organisms, moisture, and
oxygen. Microscopic organisms, supplied with adequate amount of water, sufficient oxygen and
food supply of organic materials, break down waste and produce heat. If the composting process
is run correctly, the final product is a smaller volume of dark brown, crumbly compost that has an
earthy scent, is loaded with nutrients and has good physical properties. Unfinished compost can
be added to the soil the fall before planting, as final breakdown will occur in the soil.
Most home composting problems can be solved by having adequate air, the right moisture content
and the correct carbon/nitrogen (C:N) ratio. High or low nitrogen materials can be added to
correct an unbalance. Occasionally, a little fertilizer can be added as the microbes need a little
more phosphorus than the materials contain. Compostable materials should be selected by their
carbon/brown and nitrogen/green content. All organic materials consist of a certain amount of
total carbon (C)/brown materials and nitrogen (N)/green materials. The microorganisms that feed
on the material prefer a C:N ratio of approximately 30 to 1 (30:1), by weight5. Each material has a
different C:N ratio. For example, dried leaves (brown materials) have a high ratio (low in
nitrogen), while grass clippings and green leafy materials unbalance have a lower C:N ratio (high
in nitrogen). Generally speaking, green materials and manure have high nitrogen content, and
brown materials have low nitrogen content. Nitrogen is often the limiting component in organic
waste but it can be remedied by adding urea or ammonia nitrate6.
One of the most important considerations of home composting is controlling the temperature of
the compost. A large number of different infectious agents may potentially be present in organic
waste. Foodstuffs and raw materials may through inappropriate hygienic handling be
contaminated. Smaller amounts of excreta from humans and animals may enter the plants via
household waste and thus create a risk for disease transmission. Garden waste that in itself is free
of pathogens may be contaminated by for example excreta from animals. So, while
decomposition can take place at temperatures between 10 °C and 40 °C (referred to as
"mesophilic" temperatures) the optimum temperature is between 45 and 65 °C. It is also within
these temperatures that most pathogens will be destroyed (above 55 °C) and weed seeds and fly
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larvae killed (above 60 °C). To create and maintain such temperature range in the Nordic climate
it can be necessary to use an insulated bin on side and top during cold weather and protect it from
direct wind.

1.4

Biodegradable materials

Polymers are synthetic or natural macromolecules composed of smaller units called monomers
that are bonded together. Examples of natural polymers include proteins, polysaccharides, and
nucleic acids. There are two basic types of synthetic polymers: addition polymers and
condensation polymers. Addition polymers form when a radical initiator adds to a carbon-carbon
double bond to yield a reactive intermediate. This intermediate reacts with another monomer
molecule to yield a second intermediate. This monomeric addition process is repeated many times
(example = polyethylene). Condensation polymers are formed by the reaction between two
difunctional molecules. Each bond in the polymer is formed independently of the others. The
monomers usually are in an alternating order and the polymer often has atoms other than carbon
in the main chain. One example is polyamide (Nylon) formed from amine and carboxylic acid
monomers.
In order to save resources and minimise waste, the European Directive defines requirements for
packaging to be considered as recoverable. One of several recovery options is organic recovery or
biological treatment of packaging waste. Today, there are several sectors of the human activities
where the use of degradable and biodegradable polymeric materials and compounds increases viz.
packaging, agricultural, biomedical, pharmaceuticals, etc.
Development of polymers that are truly biodegradable, and which may be used in the same
applications as existing polymers is a continuous challenge posed to scientists. The requirements
for such materials are that they may be processed through the melt state, that they are impervious
to water, and that they retain their integrity during normal use but readily degrade in a
biologically rich environment. This implies a compromise between sufficiently good physical
properties during service life and a predictable rate of degradation. This brings about questions
about the environmental effects on polymers, whether they biodegrade at all, and if they do, what
effects the biodegradation products have on the environment. There are several different types of
degradation that can occur in the environment. These include biodegradation, photodegradation,
oxidation, and hydrolysis.
When comparing the degree to which different polymers biodegrade, several factors must be
taken into consideration. One factor is the environment where polymers may be tested in a
natural, simulated or accelerated environment. These are utilized to determine whether the
polymer begins to degrade after disposal or while it is still in its intended usage condition.
Following biodegradation, the carbon from the polymer will appear in one of three end products:
CO2 which is the product of the respiration of the micro-organisms, any residue of the polymer
that is left or any by-product that is formed, and the biomass produced by the micro-organisms
through reproduction and growth.

1.5

Existing standards

Most of the existing international standards for industrial compostable materials involve solidphase respirometric test systems based on mature compost used as a solid bed, source of
nutrients, and inoculum rich in thermophilic microorganisms. The test methods are designed to
give information on the degree of disintegration and to yield a percentage and rate of conversion
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of carbon of the test material to released carbon dioxide. The idea of the tests is to verify that the
materials are degradable in compost and that the compost in the end can be used as soil
improvement. This is done in four steps7. In the first step, the material and all the components
included are characterised and identified e.g. heavy metals.
In step two, biodegradability is tested using small pieces of the material in an aquatic cultivation
or in mature compost by measurements of carbon dioxide formed. If the material is biodegraded,
the amount of carbon dioxide can be determined and compared to the calculated theoretical,
maximum value, which gives the information about the degree of biodegradability.
In step three the finished product is tested for disintegration in fresh or mature compost or in
activated vermiculite under optimal conditions. It is here decided if the product is sufficiently
degraded and disintegrated during the period that is available in municipal composting
establishments. The finished compost is then subjected to the maturing stage during 3-6 months
and afterwards tested for eco-toxicity and suitability as soil improvement. There are today no
standards that include test methods and requirements related to home composting. There are only
test methods and certification systems for industrially compostable plastics8,9.

1.6

Purpose

Home composting implies that organic materials are transformed into humus by bacteria and
other microorganisms under aerobic conditions similar to industrial composting. There are
however essential differences. The time scale is different – a composting cycle in an industrial
establishment is usually composed of a three months long thermophilic phase followed by a three
months long maturation phase. The time scale in home composting is not so crucial and a
composting period of two years is fully acceptable. During this time home composting may be
subjected to various conditions e.g. periods of freezing. In the laboratory experiment, this must be
simulated in a correct way that takes the Nordic climate into consideration. Control of
temperature and moisture is also different and not so well regulated. It is therefore important to
establish limits for those parameters to vary. This is not only important for the correct evaluation
of home compostable plastics but also for home composting in general. If home composting is not
successful the consequence is problems with unpleasant stench, insects and rodents.
For some polymeric materials, the best solution to the waste disposal problem is that they follow
the organic domestic waste and garden waste into home composting, especially in the Nordic
countries where home composting is widely spread. An important condition for the broad
acceptance of home compostable materials is development and standardisation of methods that
define and measure compostability. Manufacturers, which are often SME (Small and Medium
sized Enterprises) can have their products classified in a simple way and can show that the
product fulfils the established environmental demands.
The purpose of this project was to develop a new test method for home composting of polymeric
materials. The intention was to create common definitions and testing procedures that can be used
to decide if a material is suitable for home composting. The starting-point was international
standards for industrially compostable materials10, which have been modified to simulate and
accelerate a typical home compost environment in the Nordic climate.

2

Materials used in the study

The quality of a laboratory test method is closely related to the accuracy of the environmental
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simulation performed in the test. It is therefore of great importance to make sure that different
materials will show the same behaviour in a laboratory test simulating home composting as they
do in a natural home composting. For this reason five different materials were included in the
investigation viz.
1. paper used as reference material, designated “paper R”.
2. paper bag, designated “paper B”
3. starch based material, Mater-Bi
4. polyethylene based material, designated PE
5. polypropylene based material containing natural fibres, designated PP
The test materials were placed between two identical frames having fine-meshed net before they
were buried in the compost. After various periods of composting, the materials were taken out for
examination and photographing and were put into the compost again.

3

Natural home composting

3.1

Pilot study

In order to develop a suitable laboratory test method that can simulate and accelerate a typical
home compost environment in the Nordic climate, it is necessary to obtain knowledge about
important parameters that prevail in home composting. For this reason the pilot study was
performed using year-around compost bins (“Gröna Johanna”) awarded by the “Swan” mark11.
The “Swan” is the official Nordic eco-label, introduced by the Nordic Council of Ministers. SIS
Miljömärkning in Stockholm is responsible for the certification of compost containers in
accordance with criteria, established by the Nordic Environmental “Swan” mark. The function
test, as an important criterion for the mark, involves testing whether the actual composting
process functions as it should with regard to temperature and volume decrease during
composting.
Two parallel home composting bins (“Gröna Johanna”) were placed outdoors at two different test
sites viz. at Jordforsk in Ås, Norway (climate zone 1-2) and at SP in Borås, Sweden (climate zone
4-5). The bottom of the bins was first covered with a layer of thin twigs (thickness: 5 - 15 mm),
then a mixture of pieces of raw potatoes, bread (max 3,5 % fat, 4 % sugar), dog food (raw protein
18 %, energy content 11MJ/kg) and cutter dust were put above it to start the composting process.
They were supplied with new organic waste (potatoes, dog food, bread and cutter dust) every
second week in amounts corresponding to the production of waste from a household of 5 persons
(14-15 kg) as described in SP method 2856, which is a crucial test method for the “Swan” mark
of composting bins.
Three pieces of each test material were put into plastic frames (10 x 10 cm in size) supported with
a thin plastic net and were also placed in each composting bin. The test samples were taken out
and examined at the following occasions: August and November 2003, March/April, September
and November/December 2004. The materials were photographed and put into the compost again
or if disintegrated, new test samples were placed in the composts. The compost was also turned
and pH and dry weight of the compost were measured at the same occasion.
The pilot study was started at the end of March/beginning of April 2003 and was terminated in
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November 2004. No organic waste was added from December to March. The temperature was
measured continuously at three levels in the composts, 5 cm from the bottom, in the middle and 5
cm from the top, both in the centre and 5 cm from the walls of the compost bin (6 measurements
from each compost) as shown in figure 1. The outdoor temperature was also measured.

Figure 1. Sketch of the home compost with figures indicating placing of the temperature sensors
(Sweden). On the left-hand side a picture of the composting bins.
After the winter break December 2003 – March 2004 the compost bins were totally emptied.
Then new twigs and fresh organic material were added to the bins as previously together with
about 10 litters of the old compost in order to provide compost with a colony of microorganisms.

3.2

Measurements during pilot study

When composting food waste, a prolonged initial acidic phase can occur, resulting in low
degradation rate. In successful composting, the initial phase is followed by high-rate composting
at pH values above neutral. A combination of temperature above 40 °C and pH below 6 severely
inhibits the composting process12. Experiments at large-scale composting plants showed that it is
possible to increase the activity and shorten the acidic phase by increasing the aeration rate, even
though the temperature remains above 40 °C.
In order to control the process efficiency and find interrelationships between decomposition rate
and important parameters, temperature, acidity (pH), and water content were measured
occasionally in the composts. In table 2 the results of measurements of pH and total dry solids
(TS) are shown.
Table 2a. pH and total dry solids (TS in %) in the pilot scale composts in Sweden
Date

25.08.2003
23.10.2003

Bin
1
2
1

Top layer

Centre layer

Bottom layer
pH

TS

8,4

21

8,2

37

8,9

31

pH

TS

pH

TS

-

-

-

-

5,6

37

7,9

25

14

30.06.2004
10.09.2004
01.12.2004

2

7,5

35

9,0

44

8,6

19

1

6,5

30

7,0

30

7,0

26

2

6,5

29

6,5

29

7,5

23

1

7,7

30

28

8,5

34

-

6,3

2

-

5,8

28

1

7,3

25

7,5

22

8,1

16

2

8,7

44

6,7

28

9,1

26

Table 2b. pH and total dry solids (TS in %) in the pilot scale composts in Norway
Bin 1

Bin 2

pH

TS

pH

TS

25.08.2003

9,1

25

9,0

28

30.04.2004

7,5

21

7,1

20

30.11.2004 *

8,9

29

9,5

27

* the pilot scale composting in Norway during 2004 must be regarded as unsuccessful as the
composting process never came up in the thermophilic phase.
In the international standards describing disintegration in pilot scale tests there are the following
requirements13 for the validity of the test:
1. The pH value must increase above 7,0 during the test and must not fall below 5.
2. Moisture content is not too low (< 40 % w/w).
Naturally, there are also requirements in these standards on temperature, which must be above +
40 ºC for at least four consecutive weeks, with the maximum temperature being above + 60 ºC
and below 75 ºC. One of the aims of this pilot study was to measure the temperature in the
composts during a two-years-period of a “normal” home composting in order to simulate and
accelerate the process in a laboratory test.
The temperature was measured continuously at different locations in the composts as shown in
figure 1. The original curves are presented in appendix 1. It is clear that the highest temperatures
are registered in the middle and in the top centre of the compost (position 4 and 6 in figure 1).
The lowest temperature was registered at the bottom edge (position 1 in figure 1). During the
period December to March no organic waste was added and consequently the temperature in the
bins followed the outdoor temperature.
The temperature curves were analysed in order to create a simplified temperature cycle for the
laboratory test. The whole temperature range was divided into five intervals: subzero (≤ 0 ºC), cold
(0-20 ºC), mesophilic (20-40 ºC), thermophilic (40-60 ºC) and hot (> 60 ºC). The distribution of the
composting time among different temperature intervals expressed in days is presented in figures 2
and 3.

15

160

<0°C
0-20°C
20-40°C
40-60°C
>60°C

Composting time [days]

140
120
100
80
60
40
20
0
Period 1

Period 2

Period 3

Figure 2. Distribution of composting time in Sweden among different temperature intervals (Period
1: 14.04.2003 – 09.10.2003, Period 2: 10.10.2003 – 09.04.2004,
Period 3: 10.04.2004 – 01-12.2004)
80
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20-40°C
40-60°C
>60°C

Composting time [days]

70
60
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40
30
20
10
0
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Period 2

Figure 3. Distribution of composting time in Norway among different temperature intervals (Period
1: 25.04.2003 – 29.08.2003, Period 2: 29.04.2004 – 03.08.2004)
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It is quite clear that there is a significant difference between the composting process at SP and at
Jordforsk. During the first period (summer 2003) the thermophilic phase constituted 70 % of the
total time in Sweden but less than 30 % in Norway despite the fact that exactly the same
instructions were followed at both sites. It is also worth to note that during the following summer
(2004) the temperature in the composts was significantly lower. In Sweden the time share of
thermophilic phase decreased to 25 % while in Norway the time share of thermophilic phase
decreased to 11 %.

3.3

Result of disintegration in the pilot study

The differences between the composting process parameters at SP and at Jordforsk were also
reflected in the rate of disintegration of the test materials (see appendix 2 and 3). About 60 % of
the visible surface of the Mater Bi material in the frames was missing after 120 days of
composting during the first summer in Norway and after 11 months during the second year. In the
composting at SP, the Mater Bi material was completely disintegrated already after 60 days
during the first summer. However, when a new material was placed in the compost the 1st of
April 2004, the rate of disintegration was much lower. About 70 % of the visible surface was
missing after about 8 months of composting. It is not easy to explain this huge difference in the
disintegration rate because if the temperature alone was responsible for this, the difference would
not be so big. One contributing factor could be the fact that, thermophilic microbes are more
susceptible to stress in the freezing conditions than the mesophilic ones14.
It is shown in figure 4 that during the period 25.08.03 – 23.10.03 (60 days) when the Mater Bi
material was completely disintegrated the thermophilic phase was only 20 days. Within the period
01.04.04 – 06.30.04 (91 days) the thermophilic phase was 26 days but despite of that, only about
10 % of the visible surface was missing.
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Figure 4. Distribution of composting time in Sweden among different temperature intervals
during various periods related to disintegration of the materials.
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Both Paper R and Paper B were completely disintegrated after 4 months of composting in
Norway in both 2003 and 2004 (appendix 2). Composting in Sweden showed different
disintegration rate in 2003 compared to 2004 (appendix 3). Paper B disintegrated to more than 90
% after 60 days in 2003 and was completely disintegrated after 98 days. In 2004 Paper B was
disintegrated to about 80 % after 91 days and completely disintegrated after 162 days. The
corresponding rate of disintegration for Paper R was lower. After 60 days in 2003, Paper R was
disintegrated to about 70 % and completely disintegrated after 98 days. In 2004, Paper R was
disintegrated to 70 % after 91 days and about 90 % after 162 days.

4

Choice of inoculum for the laboratory test

International standards often prescribe the use of solid-state test systems based on fresh or mature
compost used as a solid bed, source of nutrients and an inoculum rich in microorganisms.
There are however some difficulties that impair the reliability of the test methods. For this reason
it is possible to replace compost with a suitable solid mineral medium (e.g. vermiculite, see ISO
14855 Amendment 1). The test method is based on the idea of using a mineral matrix,
vermiculite, which is a good matrix for microbes in place of compost. In this case the vermiculite
is first subjected to the “activation”, a pre-incubation phase needed to allow a full and intimate
colonisation of the mineral particles with active thermophilic micro-organisms. First after
activation, the vermiculite is mixed with the test material. Because of the possibility of using
different types of compost environments according to various international standards it was also
important to investigate the effect of different composts on the degradation kinetics of different
materials.

4.1

Preparation of different solid beds

The aim of the work was to examine different types of compost environments suitable for the
laboratory tests regarding degradation kinetics and the practical handling of the composts15. Five
solid beds were used in the investigation;
1. Mature compost - was prepared according to EN ISO14855. This compost consisted of
100 % mature (12 months old) compost collected from Borås (Sobacken), Sweden, waste
treatment plant.
2.

Vermiculite/mature compost 50/50 mixture - was made according to ISO14855 and
Amendment 1. The compost mixture consisted of 50 % vermiculite
((Mg,Fe,Al)3(Al,Si)4O10(OH)2.4H2O) and 50 % mature compost (v/v). The water
content was adjusted to be between 45 % and 50 % by adding the same amount of water
as vermiculite (w/w) plus the amount of water needed to adjust the mature compost.

3.

Perlite/mature compost 50/50 mixture. This compost mixture was prepared in the same
way as the vermiculite/compost with perlite instead of vermiculite. Perlite is a term for
naturally occurring siliceous volcanic rock. It differs from other volcanic glasses in the
sense that it expands when heated above 870 °C. The crude rock expands from four to
twenty times its original volume. This expansion process is due to combined water
evaporation, which creates many tiny bubbles in the softened glassy particles. Perlite is
classified as chemically inert16.

4.

Fresh compost - was prepared according to ISO 20200. The synthetic waste consisted of
sawdust, rabbit-feed, mature compost, corn starch, saccharose, corn seed oil and urea. All
dry components were mixed together and chlorine-free tap water was added to give a total
dry solids content of 50 %.
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5.

4.2

Activated vermiculite. Extract was derived from mature compost by mixing one part
compost with four parts deionised water for 30 minutes (w/v). The mixture was first
roughly filtered in a colander, and then filtered with filter paper. To activate the
vermiculite, an inoculum solution was prepared from the compost extract, a mineral
medium composition, and a trace elements solution. The solution was added to improve
the bacterial growth. The vermiculite was mixed with inoculum solution 1:3 (w/v) to give
a moisture content of 75 %. The mixture was then transferred to a desiccator, which was
placed in 40 ± 2 °C for four to six days. During the activating phase the vermiculite was
stirred and allowed to aerate.

Rate of degradation in different solid beds

Two biodegradable materials were exposed to five different solid beds viz. mature compost,
vermiculite/mature compost 50/50, perlite/mature compost 50/50, fresh compost, and activated
vermiculite with two different contents of water. The test materials were; Mater-Bi (starch based)
and a reference paper. To establish the degree of degradation, mechanical properties were tested.
Tensile testing was performed in accordance with ISO 527-3 with an Instron 5566 Universal
Testing Machine equipped with a video extensiometer. All test specimens were conditioned at 23
°C and 50 % RH for 24 hours before testing.
Table 3. Effect of different composts on the rate of degradation. The original value of strain at
break for Mater Bi was 570 %. The original value of energy at break for the paper was 266 J/m2
Paper
Time to reach 25 J/m2
energy at break [days]

Compost type

pH

Mater Bi
Time to reach 50 %
strain at break [days]

Mature compost

7,0

8

6

Vermiculite/compost 50/50

6,5

8

∼9

Perlite/compost 50/50

6,5

8

∼10

Fresh compost

5,0

12

∼18

Activated vermiculite
(75 % water)

8,5

4

6

Activated vermiculite
(66 % water)

8,5-9,0

-

∼11

In table 3 the composting time is shown that was needed to attain a severe reduction of
mechanical properties (less than 10 % of the original value): for Mater Bi a reduction in strain at
break from 570 % to 50 % and for the paper a reduction in energy at break from 266 to 25 J/m2.
Exposure of Mater Bi to activated vermiculite gave the fastest degradation rate while fresh
compost gave the slowest one. For the paper, mature compost and the activated vermiculite (75 %
water) gave the highest rate of degradation while fresh compost gave once more the slowest rate.
It is known that a combination of temperature above 40 °C and pH below 6 severely inhibits the
composting process12 which is probably what we observed here. It is also interesting to note the
difference in degradation rate between activated vermiculite containing 75 % and 66 % water,
respectively. To prepare the activated vermiculite with 66 % water a smaller amount of inoculum
solution is added which gives a lower amount of micro-organisms in the solid bed at the
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beginning. This could be the reason for the slower degradation.

5

Laboratory tests for home composting

Landscape, garden wastes and kitchen food wastes can account for a large proportion of the waste
materials. As landfilling is no longer permitted because it doesn't make sense to dispose of these
beneficial organic materials, composting including home composting will play en important role
in the near future. The main goal of this study was to develop a suitable laboratory test method
that can simulate and accelerate a typical home compost environment in the Nordic climate. In
order to develop such a test method, the results from the pilot study with regard to temperature,
pH, water content and the rate of disintegration were analysed and used.
Two test series were performed in laboratory scale in order to optimise the method in terms of
temperature cycle and composting efficiency. Factors such as labour needed to perform the tests
and inconvenience such as bad smell from the compost was also noted. In order to follow and
evaluate the rate of degradation of the test materials they were photographed at different time
intervals during the composting cycles.

5.1

Test procedure

Before starting the experiment the moisture content in the compost was measured and adjusted to
55 % dry content. pH was measured before start and then occasionally during the compost cycle.
When a test was started, frames containing test materials were put into desiccators (see Figure 5).
In order to make sure that the specimens were surrounded by compost and undamaged; the
compost material was transferred into a bowl. A small amount of compost material was first
poured in the empty desiccator. The test frames were placed with the test specimens horizontally
and then the compost was gently poured over the frames. The desiccator was then placed in a heat
oven. The compost soil was placed on a plastic net at the bottom of the desiccator in order to have
the compost aerated. Because of this construction the compost dried out quite easily. When water
was added or the temperature decreased condensed water tended to be collected on the bottom of
the desiccators. The water was carefully poured out and returned to the compost. This water most
probably contained a large amount of micro-organisms and it was therefore important to return it
into the compost mixture.

Figure 5. Desiccator containing vermiculite and a test material. On the right-hand side a frame in
a desiccator.
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The moisture content was monitored continuously by weighing the desiccators. At 40 °C and 60
°C the soil tended to dry. In case of weight loss de-ionised water was added to the compost. After
each temperature change, the samples were removed and the composts were stirred in order to
aerate the soil.

5.2

Test cycle 1 – mature compost

In this test series we chose mature compost since it is easy to handle and degrades the test
materials rather quickly. Mature compost mixed with 20 % sand was used in the first test cycle.
The mature compost was achieved from Sobacken waste treatment plant in Borås, Sweden on
November the 7th, 2003. The temperature cycle was designed from the results of the pilot study in
Sweden. The pilot home composting was performed from May 2003 until December 2004 and
comprised 596 days in total of which time at subzero (≤ 0 ºC) constituted 14 %, time at cold (0-20
ºC) plus mesophilic (20-40 ºC) constituted 53 % and time at thermophilic (40-60 ºC) and hot (>
60 ºC) constituted 33 %. These proportions were put together in the temperature cycle presented
in Figure 6.
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Figure 6. Temperature variation in the diagram was repeated twice to constitute test cycle 1
One sequence in the test cycle 1 included one cold period (5 days) + one thermophilic period (14
days) + one mesophilic period (21 days). The test cycle included four consequential sequences
with a 5 day period at subzero after the second sequence.
The result of this laboratory test cycle is presented in appendix 4. It is clear that the Mater Bi as
well as the paper material disintegrated slowly compared to the disintegration rate in the pilot
scale composting. In the pilot composting both materials were completely disintegrated after 60
days while in the laboratory test the Mater Bi material was not totally disintegrated even after 4
sequences (180 days). The paper was disintegrated after 4 sequences in the laboratory test but this
was as well much slower compared to the pilot scale composting. Because of this low rate of
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degradation the test cycle was modified with the purpose to accelerate the disintegration.

5.3

Test cycle 2 – mature and fresh compost

In this second test cycle we used fresh compost in addition to mature compost, since this mixture
is very similar to the compost mixture used in the outdoor pilot scale compost. The fresh compost
mixture is described in the ISO 20 200 standard. 50 % of this mixture was mixed with 50 %
mature compost soil and put in desiccators. The plastic net was not used in this experiment series
in order to get a larger amount of biomass. The use of fresh compost mixture was also more
similar to the mixture used in the outdoor small scale composts. After one temperature sequence 5
weight % new compost mixture was added to all desiccators in order to keep a high microbial
activity in the composts.
The temperature cycle illustrated in Figure 7 was used in order to simulate the outdoor
composting. However, some temperature changes were made. The high temperature was
increased from 60 °C to 65 °C and the time at high temperature was increased from one to two
weeks and the time at medium temperature, i.e. 40 °C was decreased from three to two weeks.
75
Thermophilic
65

Temperature [°C]

55
45

Mesophilic

35
25
Cold
Thermophilic
Mesophilic
Subzero

15
5

= 5 days
= 21 days
= 14 days
= 5 days

Subzero

-5
0

20

40

60

80

100

Exposure time [days]

Figure 7. Temperature variation in the diagram was repeated twice to constitute test cycle 2
The degradation rate of the test materials was quite slow in the beginning of this test series. The
most probable reason for this is that the micro-organisms used the more easily achievable
substances in the compost mixture (sugar and starch) in the beginning. During the first weeks of
composting the composts smelled very badly. After the second period at high temperature the
samples started to degrade fast. The result of this laboratory test cycle is presented in appendix 5.
It is demonstrated that the Mater Bi material was totally disintegrated after two sequences (80
days) which is comparable to the disintegration rate in the pilot scale composting. The paper
material was totally disintegrated after three sequences (130 days). The result from this test cycle
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is similar to the result from the test cycle 1 and also similar to the result obtained in the pilot scale
composting.
Test cycle 2 requires more work during the start when the compost mixture is prepared. The
mixtures also need more stirring in order to avoid anaerobic processes. On the other hand the
degradation seems to be faster, at least after the first temperature cycle.

6

Conclusions

The rate at which home composting occurs depends on a number of physical and chemical
factors. Physical characteristics include moisture content, particle size, and the size and shape of
the composting bin, which affect the type and rate of aeration and the tendency of the compost to
retain or dissipate the heat that is generated. Temperature is a key parameter determining the
success of composting operations. Compost heat is produced as a by-product of the microbial
breakdown of organic material. The heat production depends on the size and construction of the
bin, its moisture content, aeration, and C/N ratio. Additionally, location of the bin and ambient
temperature affects compost temperatures. However, a well-designed composting container,
which is managed in a fairly normal way is able to fulfill all the requirements to achieve the
required temperature and conditions during composting and gives high quality compost.
It is of course difficult to develop a standard that will cover such very different environments. On
the other hand, it is important to have a possibility to verify that a given polymeric material is
biodegradable and suitable for home composting. This implies that a compromise must be found.
The starting point is the establishment that home composting is basically the same process as
industrial composting and implies that organic materials are transformed into humus by bacteria
and other micro organisms under aerobic conditions. Both methods require also thermophilic
temperatures in order to avoid risk for disease transmission and problems with unpleasant stench,
insects and rodents. But it is also important to emphasize essential differences. The time scale is
different – a composting cycle in an industrial establishment is limited to three to six months
while home composting can be performed much longer. During this time home composting is
subjected to various conditions e.g. periods of freezing. This must be simulated in a laboratory
experiment in a correct way. Control of temperature and moisture is also different.
It has been demonstrated in this investigation that laboratory tests are able to simulate the natural
home composting in Nordic countries. Thus, our main goal to develop a suitable laboratory test
method that can simulate a typical home compost environment in the Nordic climate has been
achieved. However, the rate of disintegration in the laboratory tests seems to be of the same
magnitude as in the pilot scale which implies that no acceleration has been obtained. Still, the
control offered by the laboratory tests as opposed to the variability found outdoors is an attraction
as it offers the possibility of relating the rate of disintegration to various environments more
confidently. An acceptance of plastics for home composting should, for those reasons, be based
on the method proposed.
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Temperature variation in the pilot scale composting in Borås, Sweden
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Figure 1. Temperature variation between April 2003 - October 2003 in bin 2.
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Figure 3. Temperature variation between June 2004 - November 2004 in bin 2
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Temperature variation in the pilot scale composting in Ås, Norway
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Figure 4. Temperature variation between April 2003 - October 2003 in home composting bins
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Figure 5. Temperature variation between May 2004 – August 2004 in home composting bins
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Result of the pilot scale home composting at Jordforsk, Norway.

Mater-Bi August 2003 (after 4 months)

Mater-Bi new sample in December 2003

Mater – Bi 30.04.2004 (after 4 months)

Mater-Bi 30.11 2004 (after 11 months)
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Paper R August 2003 (after 4 months)

Paper B August 2003 (after 4 months)

Paper R new sample in December 2003

Paper B new sample in December 2003

Paper R 30.04.2004 (after 4 months)

Paper B 30.04.2004 (after 4 months)
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Result of the pilot scale home composting in Sweden

Mater-Bi: 19.05.2003 - 25.08.2003 (98 days)

Mater-Bi: 01.04.2004 - 30.06.2004 (90 days)

Mater-Bi: 01.04.2004 – 09.10.2004 (161 days)

Mater-Bi: 01.04.2004 - 01.12.2004 (246 days)

25.08.2003 – 23.10.2003 (60 days)
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Paper B: 19.05.2003 – 25.08.2003 (98 days)

25.08.2003 – 23.10.2003 (60 days)

Paper B: 01.04.2004 – 30.06.2004 (91 days)

01.04.2004 – 10.09.2004 (162 days)

Paper R: 19.05.2003 – 25.08.2003 (98 days)

Paper R: 01.04.2004 – 30.06.2004 (91 days)

25.08.2003 – 23.10.2003 (60 days)

01.04.2004 – 10.09.2004 (162 days)
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Test cycle 1 with mature compost and 20 % sand
Mater Bi

Sequence 1 040227

Sequence 2 040407

Sequence 3 040526

Sequence 4 040713
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Paper

Sequence 1 040227

Sequence 2 040407

Sequence 3 040526

Sequence 4 040713
Test termination
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Test cycle 2 with compost according to ISO 20 200
Mater Bi

Sequence 1: 051108

Sequence 2: 051207
After sequence 2: 051223 Mater Bi was totally disintegrated.

Appendix 5

SP Report 2006:07

2(2)

Paper

Sequence 1: 041108

Sequence 2: 041223

Sequence 3: 050217
After temperature cycle 4 all paper samples were disintegrated.
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