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PREFACE 

Conventional plastic is one of the biggest environmental pollutants in the world which 

impact the human health, animal lives, land, and sea pollution. Most of the modern 

research are driving towards to find more sustainable and environmentally friendly 

polymer materials to fight against with conventional plastics. BIO-PLASTICS EUROPE 

project is also one of the biggest initiatives which is finding sustainable solutions for 

bio-based plastics on land and sea. This thesis was influenced and resourced to write 

by one of the areas of this project which is innovative product design.  

 

Testing the properties of newly developed materials in laboratory scale, before 

introducing it in the market is quite important to find the problems in beforehand. This 

thesis is based on the experiments conducted to find the ultimate aerobic and anaerobic 

biodegradability of bioplastic material under the controlled conditions. This report 

discusses the current situation in the world of conventional plastics and bioplastics, the 

method used to calculate the biodegradability and the results obtained from the 

laboratory testing. The reader can have a better idea of how important the reference 

materials like compost and cellulose is to compare the successfulness of the modified 

bioplastic material in the point of disposal to the environment. 

 

This experimental data of newly developed polymer material can use to change the 

plastic industry for the better environmentally friendly industry in near future. 

Successfully developed bioplastics will replace the conventional plastics and give the 

similar experience to the consumer without any difficulty. 

 

As the author of this thesis, there are several people who should share the credit of the 

successfully completing this experiment and the report specially Dr. Viktoria Voronova 

the supervisor of this master thesis, Mr. Pavlo Lyshtva the co-supervisor of this thesis, 

and Researcher at TalTech Dr. Argo Kuusik. 

 

BIOPLASTIC, CONVENTIONAL PLASTIC, BIODEGRADABILITY, AEROBIC AND 

ANEROBIC, MASTER THESIS 
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LIST OF ABBREVIATIONS AND SYMBOLS 

PET Polyethylene Terephthalate 

HDPE High density Polyethylene 

PVC Polyvinyl Chloride 

LDPE low density Polyethylene 

PP Polypropylene 

PS/EPS Polystyrene 

PLA Polylactic acid 
PHA Polyhydroxyalkanoates 

TPS Thermoplastic styrenicelastomers 

PBS Polybutylene succinate 

PBAT Polybutylene adipate terephthalate 

PCL Polycaprolactone 

PE Polyethylene 

PTT Polytrimethylene terephthalate 

TDS Total Dry Solids 

TVS Total Volatile Solids 
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1 INTRODUCTION 

Since the late 19th century plastic became the most common packaging material all 

around the world due to its easy use and the portability to the consumer. Until today 

thousand tons of plastic products are added to the market to fulfil the customer demand. 

With the technology evaluation several types of plastics were manufactured for different 

types of purposes. But none of these plastic types were healthy to the environment [1]. 

Day by day used plastics are accumulating in the soil and sea all around the world [2]. 

Sometimes due to the incineration of these plastic materials, tons of carbon dioxide are 

emitted to the atmosphere.  

 

Throughout the life cycle of plastic products, it has environmental impacts which will 

directly and indirectly affecting the humans, fauna, and flora. Plastics contains 

hazardous compounds in their long molecular chains and since production to the final 

disposal or incineration, these chemicals are contaminating the soil and the sea [1]. 

Microplastics are one of the uprising environmental impact to the world.  

 

Scientists, authorities, and responsible citizens were not understood the consequences 

of ordinary plastics until the magnitude of impacts were become tremendous. Even 

today there are large solid waste mountains contains major amount of plastic in some 

countries without any proper treatment [3]. Major portion of total solid waste in the 

world is taken by the plastic.  

 

The first innovative solution for the conventional plastics problems was developing 

bioplastics. These bioplastics are divided into two main types by the material it produced 

and the biodegradability of it [4]. The most environmentally friendly bioplastics are the 

bio-based biodegradable bioplastics [5]. At present bioplastics are taking over 1% of 

plastic industry and it is a rapidly growing industry [6]. But bioplastics also have 

drawbacks which need to identify and improve for the further development. Main 

problems are the current high cost and complex process of producing bioplastics. Also 

compared to current conventional plastics, bioplastic have poor mechanical properties 

which is limiting the commercial applications. 

 

Therefore, the properties of these bioplastics are quite important to study and analyse 

to identify the applications, further development, and problems before releasing into 

the market. One of the most important parameters needs to evaluate in bioplastic is 

the biodegradability in soil medium. 
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This study is focused on biodegradability of bioplastics in the aerobic and anaerobic 

environments. To analyse the degradation of new materials, there should be a reference 

material to compare the results. The objective of this thesis is to evaluate the suitability 

of compost and cellulose as a reference material for testing of the biodegradability of 

new bioplastics under controlled aerobic and anaerobic conditions. 
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2 LITERATURE REVIEW 

2.1 Overview of conventional plastic 

Since the beginning of the 19th century plastic became one of the most important raw 

material to most of the industries [2]. Synthetic polymers were becoming quite popular 

drastically due to its exceptional physical and chemical properties. These plastic 

materials have long chains of carbon atoms and based on their arrangement and the 

other chemical compounds bounded to the main chain, scientists have discovered 

several types of plastics for different types of usages. Conventional plastic is 

manufacturing from the petrochemicals and the other petroleum products coming from 

the fossil fuel industry [2].  

 

Figure 1: Basic polymer chain [7] 

 

Based on the covalent bonds in between carbon atoms, the structure of their 

arrangement and the other atoms and molecules bounds to the main carbon chain, 

there are several types of plastics. For instance, most common plastic types in the 

market are Polyethylene Terephthalate (PET), High density Polyethylene (HDPE), 

Polyvinyl Chloride (PVC), low density Polyethylene (LDPE), Polypropylene (PP), and 

Polystyrene (PS/EPS) [8] [9]. 

 

Figure 2: Polymer Structures [10] 



13 

Based on the properties of the above-mentioned common types of plastics, these 

plastics are using for the industrial applications and consumer applications as following 

table.  

Table 1: Applications of different types of plastic [9] 

Type of Plastic Application 

PET Beverage bottles 

Textile applications 

HDPE High density liquid bottles (e.g., Oil, milk, etc.) 

Construction pipes 

PVC Construction materials (window frames, plumbing pipes) 

LDPE Grocery bags 

PP Food containers, PP cups, bottle caps 

PS/EPS Construction materials (as an insulation material) 

Food containers, Cups 

 

2.1.1 Advantages of conventional plastic 

The most important factor to become the plastic more popular among the consumers is 

its light weight, versatile and durability. Compared to most of the other related products 

like glass or metal, plastic has low mass per unit volume [8]. This property improved 

the portability of the product or the product inside the plastic container. With regards 

to the paper or cardboard competitive products, plastic has more durability and a higher 

number of cycles of reuse. In the same time plastic is water resistant and the products 

inside the plastic containers are safer than paper and cardboard containers [8] [9].  

 

Plastic materials become more popular in the construction industry specially in the water 

and sewage systems because polymer materials do not react with the corrosive 

substance in those liquid flows. One of the major impacts of metal pipes is its frequent 

maintenance due to the pipe corrosion [8]. This property of plastics quickly replaces the 

metal from construction industry all over the world fast. More importantly the liquid 

inside the plastic pipelines has quite low possibility to leak and contaminate the ground, 

water, and soil. This scenario is more important in sewage line systems and the vies 

versa of this applies to the purified drinking water lines. [8]. 

 

Throughout the time plastic materials made people lives more easier and safer in 

different areas. People get used to use plastic products all over their lifestyle. Since the 

beginning manufacturers manage to produce plastic products for quite low price too. 
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Therefore, people did not have the intention or the interest to find other alternatives to 

compete with plastics [2]. 

2.1.2 Disadvantages of conventional plastic 

Even though plastics have more durability and lots of other useful properties, it has 

slow degradation when it added to the environment. For instance, a plastic bottle will 

stay in the marine system for 58 years after it disposed [11]. In the same time people 

do not manage to reuse or recycle the plastics. One of the most important reason for 

that is plastics came with a quite cheap price to the marker. Other than reusing or 

recycling it, people bought new products and due to that tons of plastic waste 

accumulate especially on the land and sea. Other than that rapid urbanisation and 

higher population density, inadequate waste treatment techniques and facilities used 

by each country, and industrial disposal and loss during production and transport are 

directly corelating with the pollution from the plastic [11] [12]. 

 

Currently world is producing more than 360 million metric tons of plastic per year [13]. 

From the plastics manufactured from 1950 to 2015, only 9% of it was recycled [11]. 

The rest of the plastic waste ended in environment impacting the flora and fauna as 

well as human health. 

 

The plastic ends up in the soil or sea will cause major health impacts on terrestrial and 

aquatic animals [14]. Physical harms can mainly occur by entanglements or ingestion 

to the animals. Most commonly the plastic entanglements can see on the sea turtles 

and birds.  Most of the large mammals and birds are dying due to plastic pieces stuck 

in their digestion system with food. Most of the chemical hazards to the environment is 

occurring due to the additives which are using for the plastic manufacturing. Also, 

microplastic and nano plastic have a huge responsibility on these impacts. These 

chemicals will cause development issues, reproductive effects, and skin diseases on 

animals [14]. The impacts of chemical hazards will affect humans as well from the food 

chain. Transferring accumulated chemicals specially in sea animals by consuming as 

food, humans also in danger with plastic pollution [14]. The impacts on the plant life 

are quite similar to animals. Plastic accumulate in the soil will disturb the nutrients and 

water to absorb from the roots of the trees and it will slow down the plant’s growth. 

Human food sources are getting weaker and low quality, tourism attractions will fade, 

and health impacts are the most common and catastrophic consequences that man 

have to find solutions in near future. Ultimately all these environmental impacts are 

affecting the development of next generation directly or indirectly. 
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2.1.3 Legislative control for the conventional plastic  

Most of the governmental and central authorities in developed and developing countries 

have seen the environmental impacts from conventional plastics few decades back and 

enforce number of restrictions and regulations to reduce the plastic pollution. 

 

One of the most common issue for all the countries in the world are single use plastic 

bags. These plastic bags have accumulated day by day and governments and regulating 

authorities are struggling with recycling or disposing those properly [15]. However, the 

most effective and reliable way of solving this problem is to minimise the plastic waste 

generation from the starting point. For that most of the countries have to enforce 

restrictions on producing and importing single use plastic bags [15]. For instance, the 

southern African development community which created by 16 countries in African 

continent have enforced national bans and partially bans for import, manufacture or 

use plastic bags thick less than 24 microns. For the institutes or individuals who break 

or disobey this restriction will sentence with 3 years jail time and up to 620 American 

dollars fine [15]. 

 

Another problem that the governments have to face nowadays is illegal migration of 

plastics. This is occurred mainly from developed countries to the developing countries. 

India is becoming one of the biggest countries which face this problem recently. Some 

privet companies illegally import plastic waste from the industrialized countries and 

dispose in unsanitary landfills. India and other south and middle Asian countries are 

now developing their governmental policies on preventing this problem [16].  

 

Taiwan is an east Asian country which successfully enforced recycling plastic policy in 

1997. More than plastic ban, taxes, penalties and fines they believe the behavioural 

change from the education is one of the strongest solutions for the pollution from plastic 

[17]. 

 

Almost 26 million tons of plastic waste is producing in Europe per year [18]. But the EU 

is driving their waste management policies strongly to minimise impact on environment. 

In 2015 the directive 2015/720/EU which is describing the “reducing the consumption 

of lightweight plastic carrier bags” manage to enforce their member states to monitor 

the usage of plastic bags and apply economical solutions against the pollution from it 

[19]. “The European strategy for plastic in a circular economy” was approved by the 

European commission (EC) in 2018 to save the environment and people from the 

environmental pollution [20]. 
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Going beyond from the major plastic pollutants, American federal law has voted for the 

“Microbeads free water act” to maintain the quality of water preserving from micro and 

nano particles. This act has enforced on cosmetics products which have intentionally 

added non-biodegradable plastic microbeads [19]. 

2.1.4 Recycling of conventional plastic 

Governments, regulating bodies and the private sector investing millions of dollars each 

year to develop and maintain plastic waste management centres.  

 

There are two main approaches of plastic recycling in circular economy. First one is 

open loop recycling which means the recycled plastic use for applications which are 

different from the original product. Most commonly the recycled plastic is use for low 

quality products then the original use [21]. The second one, close loop recycling 

approach is keeping the material in the same product cycle after recycling. This is a 

more circular option than the open loop recycling because this reduces the virgin 

material usage and keep material at higher value chain [21]. 

 

The major bottleneck of close loop recycling is the additives that are using in the 

manufacturing processes. These chemicals or particles are mainly using as functional 

additives, colourants, fillers or reinforcements [21]. Based on the composition or the 

chemical bonds, there are 4 main recycling technologies in the industry [22]. 

 

1. Primary recycling – mechanical and/or chemical recycling (mainly in close loop 

recycling)  

2. Secondary recycling – mechanical and/or chemical recycling (mainly in open loop 

recycling) 

3. Tertiary recycling – feedstock, pyrolysis, depolymerisation, hydrolysis (on bio 

plastics) 

4. Quarterly recycling – energy recovery or incineration [21] [23]. 

Even though the recycling technologies are available and develop continuously, the 

recycling rate of the plastic in the world at the moment is only 30% [21]. Major portion 

of plastic waste producing in the world in each year goes into the landfills or sea.  

 

Main reasons for not succeeding the plastic recycling are the cost of recycling and the 

technical aspects of industries. At the same time there are safety issues with materials 

which are not supposed to be in the plastic such as glass, needles or chemical residue. 

Environmental impacts also high in recycling process because due to emissions of 

harmful substances and release of leachate into the soil [24]. 
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Because of these reasons scientists encouraged to invent modified materials which have 

low environmental impact than conventional plastics. As a result, bioplastics were 

invented, and they have the potential to replace the conventional plastic applications 

and give sustainable solutions compared to the ordinary plastics. 

2.2 Overview of Bioplastics 

Bioplastics are also a polymer family, in general referred to both bio-based plastics and 

biodegradable plastics. Most of the current bioplastics are non-biodegradable bio-based 

plastics [1] [5]. Around 85% of plastic applications in the world at the moment can be 

replaced by the bio plastics [25] 

 

Bio-based biodegradable plastics have long carbon chains in their molecular state which 

can easily breakdown into the smaller components by biological reactions like bacteria, 

fungi, algae, or other microorganisms [26] [27]. Fossil fuel based biodegradable plastics 

have additives and reactive particles in their polymer structure which can accelerate the 

degradation in the presence of sunlight and oxygen [27]. The important of moving into 

bio-based plastics is it is a positive movement toward the circular economy [25]. 

 

Bio based plastics use natural polymers from the biomass like potato starch, corn starch, 

rice oil, sugarcane, vegetable fat, milk etc. for the polymerisation [1]. The bio based 

plastic production process include pre-treatment of degradable content, hydrolysis, 

fermentation, and several steps of organic reactions [1].  

 

Figure 3: Types of bioplastics [4] 
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2.2.1 Types of bioplastics 

Bioplastics can be classified into 3 main groups (Figure 3). Most environmentally friendly 

category of bioplastic type is bio based biodegradable polymers and the other categories 

are bio based non-biodegradable plastics and fossil fuel based biodegradable polymers. 

 

Most common bio-based biodegradable plastics in the market are Polylactic acid (PLA), 

Polyhydroxyalkanoates (PHA), Thermoplastic styrenic elastomers (TPS) and 

Polybutylene succinate (PBS) [1] [28].  

 

Bio-based non-biodegradable plastics are categorised as following: 

1. Bio based thermoplastics – bio-PP, bio-PET, bio-Polyethylene (PE) 

2. Polymers like bio- Polytrimethylene terephthalate (PTT), bio-nylon 

3. Thermosets – bio polyurethanes, unsaturated polyesters, and epoxies [28] 

Common fossil fuel based biodegradable plastics in the consumer market are 

Polybutylene adipate terephthalate (PBAT) and Polycaprolactone (PCL) [28]. 

  

 

Figure 4: structures of bioplastic [29] 
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2.2.2 Market analysis of bioplastics 

In the current market amount of plastics are around 368 million tons per year, and only 

around 1% is taken by the bioplastics [6] [30]. Even though the bioplastics are 

multibillion-dollar industry, there are several challenging factors, which affect the 

popularity of bioplastics and limits its applications. Mainly the price, marketing activities, 

investment cost and the technological innovations are affecting the popularity of 

bioplastics [6]. For instance, at present one kg of bioplastic costs around 1.14 – 21.5 

euros and the same amount of conventional plastic costs around 0.57 – 1.59 euros [31] 

[32].  

 

According to the market research conventional plastics like PP, PE and PET are the most 

widely used types of plastics in the market and it takes 56.7% from the conventional 

plastic market [1]. Similarly, bioplastics like bio-PP, bio-PE, bio-PET, PHA and PLA are 

taking around than 60% of the bioplastic market [1] and it also estimated to increase 

up to 63% which is around 1 million tons per year in 2025 [30]. 

 

The bioplastic market is widely expanding. People and industries are investing to move 

for more sustainable products and therefore, it is estimated that bioplastic market will 

expand to 2.87 million tons per year in 2025 from the current market of 2.11 million 

tons per year [30].  

 

 

Figure 5: Global production capacities of bioplastic [30] 
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In present bioplastic market PLA is the most prominent and highest growing types of 

bioplastics available in the market (Figure 6) [6] [31]. 

 

Asia is the leading industrial scale bioplastic manufacturer in the world that 

manufactured 45% from the global production. Europe, north America, and south 

American continents manufacture 25%, 18% and 12% respectively [31]. As a country 

Thailand is the leading country which has the highest percentage of bioplastic production 

rate compared to its total plastic manufacturing amount which is 49%. This percentage 

in Europe and United states of America is 22% and 25% [28].  

 

 

Figure 6:Global production capacities of bioplastics 2020 (by material type) [30] 

 

Around 60% of bioplastics used in the packaging industry, consumer goods industry and 

textile industry (Figure 7) [33] [30]. 
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Figure 7: Global production capacities of bioplastics 2020 by market segment [30] 

2.2.3 Advantages of bioplastics 

Compared to the conventional plastics there are large number of advantages in 

bioplastics to become the future of plastic manufacturing industry. When it comes to 

the environmental sustainability, bio based, and biodegradable plastics are on the top 

of the list.  

 

Producing conventional plastics from petroleum-based products consumed large amount 

of energy in the process and emits high amount of carbon dioxide and toxic by-products 

into the atmosphere [34]. But bio-based plastics do not consume that level of energy in 

the process, because the base carbon chains are already made by some type of biomass. 

Similarly, bioplastic production does not emit toxic compounds into the atmosphere and 

release quite low amount of CO2 into the environment compared to the traditional 

plastics. Specially to the scarcity of fossil fuels, bioplastics are the most convenient 

solution in the future of plastic products [35]. Bioplastics can easily use recycled 

materials and other by-products from different industries like agriculture reducing CO2 

emissions and becoming more energy efficient [34]. 
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The biggest positive side of bioplastics is even though there is no proper waste 

management system, bioplastics can be designed to be degradable in nature into CO2, 

CH4 and H2O in several months or in several years [36]. This property will not increase 

the accumulation of garbage mountains filled with plastic products [37]. Similarly, the 

fast rate of biodegradability will reduce the landfill gasses like CO2 and CH4 because of 

the conversion of cellulose and other biological carbon chains are consumed by the 

bacteria and other microorganisms [36].  

 

Sustainable management of bioplastic waste is much easier to the municipal councils, it 

can be easily converted into compost or biofuel by aerobic and anaerobic digestion [38].  

 

In general, bioplastics have benefits to the human health and well-being for all the 

animals and plants in the environment. It will not pollute water resources like 

conventional plastics, save the life in the water and on land, encourage to develop 

sustainable cities and communities and improve the quality of life of people [37]. 

2.2.4 Legislative controls for bioplastic 

Even though bioplastics are a sustainable solution, the management of bioplastics have 

to be regulated to optimise the benefits to the environment and minimise the potential 

risks.  

 

In European union, there are two parallel directives which regulate the single use 

plastics and plastics bags which are indirectly promoting the bioplastics. The “European 

green deal” and the “New circular economy action plan” published by the European 

commission announced a policy framework for sourcing, labelling and use of bioplastics 

[39]. 

 

The objective of these EU initiatives is to promote bioplastics genuinely lead for 

environmental benefits and to contribute for a sustainable plastic economy [39].  

 

Some countries like Italy and France have banned their use of non-biodegradable and 

disposable plastic carrier bags and single use plastic items made from conventional 

plastics in their day-to-day use [40]. 

2.2.5 Current bioplastic drawbacks 

There are a lot of areas needed to be developed in the bioplastic industry in the present 

situation. There are several drawbacks and considerable issues in the existing bioplastic 
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products and the manufacturing process, which need to be improved to become a more 

reliable and popular product in the market. 

 

One of the most concern disadvantage of bioplastic is the production process which is 

quite complex and expensive. The main reason for the cost of production is still 

bioplastics are in its early stage of development and there are lots of ongoing research 

to develop the process [41]. This issue limits the commercial applications of bioplastics 

and ultimately the cost of bioplastic product is 2 or more times higher than the ordinary 

plastic product [42] [43] [4]. But in future with the large-scale production and modified 

production processes this issue can be solved.  

 

Next reason why bioplastics are not a viable product at the market now is its poor 

performance compared to the conventional plastics and poor mechanical properties of 

it [43] [4]. For instance, bioplastics like PBSA has low resistance with liquids and poor 

compatibility between liquid and solid phase. Most commonly this hydrophobic quality 

occurs due to the agricultural biomass used to manufacture the bio-based plastics [41]. 

 

When degrading biodegradable plastics in the natural environment by the bacteria or 

other microorganisms, the nature should be neutral to those microorganisms with the 

absence of ecotoxic substances [44]. But in most of the landfill sites the soil is 

contaminated with synthetic chemical compounds which are not suitable for microbial 

growth, and it will limit or slow down the process. Therefore, it will affect to the proper 

biodegradation of bioplastics which will limit the main purpose of innovative bioplastics 

use to reduce the environmental impacts. There are very limited facilities to recycle or 

compost bioplastics in the world. The bioplastics mixed with conventional plastics also 

not suitable for recycling both types, specially it will impact the current traditional plastic 

recycling processes. Therefore, until developing new facilities to proper recycle of 

bioplastics, these problems will remain as a drawback [42] [44]. 

 

Bio-based plastics are made out from the renewable sources like corn, sugar, rice etc. 

High production rate of bio-based plastics from those kinds of sources will increase the 

scarcity of those sources and the price will be increased to the regular customers of 

those products. Use of agricultural products which can consume by people will also 

become a problem in future when bioplastics become widely popular product [42] [43] 

[4] [44]. 

 

Lack of governmental policies and legislative regulations of production, usage and waste 

management of bioplastics bring the lack of awareness among the people about the 
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term of bioplastic in the market [42]. Businesses are taking this advantage to increase 

their profits by marketing all plastic products as environmentally friendly bioplastics. All 

bioplastics are not biodegradable and due to the lack of information and low availability 

of biodegradable plastics in the market, traditional plastics still dominate in the 

packaging industry [4]. 

2.3 Recognized methods of biodegradability testing of 

bioplastics 

Biodegradability can be tested in several ways according to the standards. For instance, 

according to the international union for pure and applied chemistry biodegradable 

polymers are “susceptible to degradation by biological activity with the degradation 

accompanied by a lowering its mass”. In other organisations biodegradability is defined 

as “complete mineralisation of the plastic to CO2, water and biomass”. The second 

definition used in EU and most of the other developed countries  [40]. 

 

Biodegradability can be measured by the carbon dioxide emitted from the bioplastic 

materials converted by the microorganisms in aerobic environment. In the anaerobic 

environment the level of conversion is determined by the biogas or methane emitted 

during the process  [45]. According to the EN 14046 standard the acceptance level 

biodegradability is 90% and it should reach within 6 months in controlled environment 

(temperature 58C, humidity 50%, air circulation to maintain 6% O2) [45]. 

 

There are several testing methods and standards available in different standards to 

measure the biodegradability of bioplastics.  

Table 2: Standards to assess biodegradation of plastics and bioplastics [45] 

Standard Brief description and aim 

ISO 20200 Testing method to determine the disintegration degree of plastic 

materials in composting 

ISO 16929 Test method to determine the degree if disintegration of plastic 

materials in a pilot scale aerobic composting environment 

ISO 14855 Test method to determine the ultimate aerobic biodegradability of 

plastic and the degree of disintegration under controlled composting 

conditions 

EN ISO 14851  Test method to determine the aerobic biodegradability of plastic 

materials by measuring the oxygen demand in a close respirometer 
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EN 14806 Test method to determine the disintegration degree of plastic 

materials in composting 

EN 14045 Test method to evaluate the disintegration of packing materials in a 

pilot scale aerobic composting test 

EN 13432 Test method to determine the compostability and the anaerobic 

treatability of packing material 

ASTM D5338 Testing method to determine the ultimate aerobic biodegradability of 

plastic and the degree of disintegration under controlled composting 

conditions 

 

2.3.1 Aerobic biodegradation process 

Decomposing organic matters by the microorganisms in the presence of oxygen is called 

aerobic biodegradation process. By this process, carbon dioxide, water, heat and 

compost from the organic matter is produced. The organic matter is consumed by the 

microorganisms as the energy source for their growth in the aerobic environment and 

decompose high molecular weight and oligomeric substance into primary substances. 

Mainly Bacteria and fungi naturally exists in the environment is participating in this 

process [46]. The simplified reaction illustrated by following equation. 

 

Organic matter + S + O2 ↔ CO2 + H2O + NO2 +SO2 +Heat + Compost [47] 

 

Compost contains high quality humus which can be used as organic fertilizers for the 

agricultural industry. In the process of composting, microorganisms increase the content 

of nitrogen and phosphorus which can absorb to the plants. Also using the organic waste 

like food waste, wood, and other agricultural waste as the raw material for the 

composting production will help to minimise the environmental pollution and solid waste 

accumulation in the landfills [46].  

 

To get high quality compost from the composting process, the system needs to maintain 

optimal temperature, moisture content, and oxygen, C/N ratio for 4 to 18 months with 

continuous monitoring and controlling to maintain the conditions suitable for the 

microbial activities. Specially the organic waste that are using for the composting 

process need to have at least 25% of easily degradable organic material to start the 

composting process by microorganisms. Moisture content should be around 60%, 

optimal pH level is around 8.5 and oxygen concentration around 6% are the main 

process conditions. During the process of composting, microorganisms generate heat 
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around temperature 40 – 65 0C. The initial C/N ratio should be in the range of 20 to 30 

[47]. 

 

Composting process has four main stages [48]. 

 

1. Mesophilic warming up phase (25 – 40 0C) 

2. Thermophilic phase (40 – 65 0C) 

3. Cooling phase 

4. Compost maturation phase 

During the first step Mesophilic warming up phase of composting, the temperature of 

the mixture gradually increases up to 40 0C and population of microorganisms are 

increasing exponentially because there are lots of food sources are available for the 

microbes [49] [50]. 

 

In the second stage of the composting process, the temperature rises to 60 0C which is 

why it is call thermophilic stage. Controlling moisture and oxygen during this stage is a 

key important parameter to maintain the microbial population for the composting 

process. During this stage, easily biodegradable organic matter is consumed by the 

microorganisms and break the complex structures.  To have homogeneous mixture of 

compost, maintaining temperature and other parameters are very important. [49] [50].  

 

In the third step of composting, the temperature starts to decrease around 40 0C again 

and compost will be re-invaded by mesophilic microorganism and nitrifying bacteria. 

They start to consume the other hardly biodegradable organic matter due to lack of 

easily degradable organic matter [49] [50].  

 

In the final stage of composting, final compost product start to stabilize and maturing 

due to slowing down of composting process by the microorganisms. As a result, humic 

substance start to increase under the presence of soil microbes [49] [50].  

  

Aerobic composting is an exothermic process, during which mass is heated and thermal 

energy is released. Biodegradable components like cellulose, hemicellulose, proteins, 

biopolymers, individual pesticides are natural decomposition material converted into 

final products of compost, CO2, and water after the composting process [51].  

2.3.2 Anaerobic biodegradation process 

Anaerobic biodegradation process is digesting organic matter by the anaerobic 

microorganisms’ presence in the environment with the absence of oxygen. These 
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microorganisms convert the organic waste into biogas which contains methane and 

carbon dioxide. Anaerobic bacteria participating in the biodegradation process are highly 

sensitive to the temperature and therefore, controlling temperature is key parameter of 

this anaerobic biodegradation process. The biodegradation process divides into three 

main steps based on the operating temperature: psychrophilic (10 -25 0C), mesophilic 

(25 – 40 0C) and thermophilic (52 – 55 0C). Optimal humidity level needs to operate 

anaerobic digesting process is around 92 – 93%. Most suitable temperature for 

anaerobic process is between 25 – 40 0C and in some cases it rises to 55- 60 0C 

depending on the technology and process. The production and composition of biogas 

depends on the parameters like temperature, humidity, and the impurities [46].  

 

In industrial applications, to start the digesting process, organic solid waste is mixing 

with sludge from a wastewater treatment plant and makes a complex anaerobic 

ecosystem, where anaerobic bacteria can consume organic matter for their growth. The 

remaining waste is called digestate, which is using for the agricultural applications as a 

fertilizer. Following equation is showing the main reaction occurs during an anaerobic 

digesting process [47] [52]. 

 

Organic matter + H2O + Nutrients → Digestate residue + CO2 + CH4 + NH3 + H2S + 

Heat [47] 

 

There are 3 main stages in the anaerobic biodegradation process [47].  

1. Hydrolysis 

2. Fermentation 

3. Methane formation  

In the hydrolysis step microorganisms separate insoluble organic matter like lignin, oil 

and fat, and carbohydrates into simple substances like sugar [47] [52].  

 

In the fermentation step microbes are increasing the population and dissolving 

components like fatty acids, amino acids, etc into intermediate products like volatile 

acids, ammonia, alcohol, hydrogen, and carbon dioxide [47].  

 

In the final methane formation step the produced intermediate products are converting 

into biogas which is containing methane and carbon dioxide [47]. 

 

Biogas produced from the anaerobic biodegradation process is one of the most popular 

energy sources in the world. It contains methane to generate energy by incineration. In 

general biogas contains around 55 – 75% of methane depending on the quality of 
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organic matter used and the controlled conditions. Carbon dioxide, hydrogen, nitrogen, 

and hydrogen sulphide are around 30 – 40%, 5 – 10%, 1 – 2% and less than 1% 

respectively in the biogas mixture. There are developed systems and technologies to 

produce biogas with more than 95% of methane [47]. 

 

The optimum level of pH for the anaerobic process in between 6.4 to 7.2. For the 

fermentation stage the pH should be not less than 6.4 and for the methane formation 

step it should be in between 6.6 to 7 [47].   

 

The optimum C/N ratio for the microbial activities in the anaerobic process is from 20:1 

to 30:1. Most of the anaerobic bacteria is sensitive for the toxic substance and to 

maintain good quality biogas output, it is necessary to maintain a toxic free environment 

[47].  

 

The biogas produced by anaerobic process has advantages in producing energy 

compared to the aerobic process. And this process does not have odours or fumes during 

the process, which makes more convenient and flexible. But the process is complex, 

and it has higher cost compared to aerobic degradation. The digesting period also longer 

than the composting process [52] [47].   
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3 Methods and Materials 

3.1 Materials 

3.1.1 Compost 

For the biodegradability testing of bioplastic materials, matured compost was used 

which was taken from the Keila wastewater treatment plant in Estonia.  

 

Main parameters need to check before using compost as inoculum 

 

1. Ph – one part of compost was mixed with 5 parts of deionised water measured 

the pH immediately with the pH meter. According to the ISO 14855-1:2012 

standard, pH should be in between 7 – 9. 

Actual pH level = 7.1  

 

2. Total Dry Solids (TDS) – weighted amount of compost sample was taken and 

dried at 105 0C inside the incubator. Final weight was measured, and the total 

dry solids content should be in between 45 – 55% of wet solids. If the moisture 

content is low, increase the moisture level by adding water or if the moisture 

content is high, compost can be dry to adjust the TDS level. 

 Average TDS level = 48.93% 

 

3. Total Volatile Solids (TVS) – the remain dry solids after drying up to 105 0C, 

again place inside the incubator at 550 0C to measure the TVS. Weight the 

remaining sample after the incubation period and subtract the value from the 

TDS value to get the TVS. The TVS should be more than 15% of wet solids. 

 Average TVS level = 43.66% 

4. C/N ratio – C/N ratio of compost can be calculated from the total organic carbon 

(TOC) content and the total nitrogen content measured separately. C/N ratio 

should be in between 10 – 40. 

TOC = 47% 

Total nitrogen = 3.4% 
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 𝐶
𝑁 	𝑟𝑎𝑡𝑖𝑜 =

47%
3.4% = 13.8 

 

Preparing the compost 

 

The compost should be free from glass, stones, metals, and wooden particles so that 

removed it manually. Then sieve the compost in a screen of 1 cm to remove the big 

particles. This will help to increase the porosity between compost which needs for the 

aerobic conditions. 

3.1.2 Cellulose 

The cellulose used for the experiment as reference material was Thin Layer 

Chromatography (THC) grade cellulose powder which has particle size of less than 20 

micrometres.  

 

Main parameters need to check before using cellulose as reference material 

 

1. TDS 

 Wet solids After 105 0C TDS % 

Sample 1 1.9903 1.8135 91.12% 

Sample 2 2.0176 1.8288 90.64% 

Sample 3 2.233 2.0224 90.57% 

 

Average TDS level = 90.78% 

 

2. TVS 

 After 105 0C After 550 0C TVS % 

Sample 1 1.8135 1.8079 99.69% 

Sample 2 1.8288 1.8241 99.74% 

Sample 3 2.0224 2.0166 99.71% 

 

Average TVS level = 99.72% 

 

3. Total organic carbon (TOC) – There should be sufficient organic carbon to 

produce CO2 during the degradation process to identify. For that normally 20g of 

TOC should be in 50g of dry solids. 

TOC = 44% 
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3.2 Aerobic biodegradability testing 

Determination the biodegradability of bioplastic materials under the aerobic 

environment is carried out according to the ISO 14855-1:2012 standard approved by 

the European committee for standardization.  

3.2.1 Test environment 

The test environment is needed to be a controlled environment which has dark lighting, 

and the temperature of 58±2 0C. The continuous temperature was maintained by a 

thermal bath.  

The environment was free from vaporous inhibitory which can cause impacts on 

microorganisms.   

3.2.2 Apparatus needed 

• Composting vessels - Glass bottle with 2 litres volume which allows even gas 

purge in an upward direction. 6 bottles are required for compost and cellulose, 3 

bottles each. 

• Ari supply system – Small air pump with maximum 1.2 l/min flow rate which can 

controlled as per the need and 0.01 MPa pressure which is capable to supply 

atmospheric air to each composting vessel to make sure to provide pre-set flow rate 

high enough to provide aerobic environment. 20-40 ml/min in outlet. 

• Gas tight tubes – To connect the air pumps and the vessels. 

• Incubator – To dry the samples up to 105 and 550 0C to measure the TDS and TVS. 

• Electric Balance – To measure the weight of samples. 

• pH meter – To measure the pH of compost. 

• Air Analytical equipment – To measure the oxygen level. 

• Apparatus for determination of CO2 – To measure the cumulative carbon dioxide 

evolved as dissolved inorganic carbon after absorption in sodium hydroxide solution. 
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Figure 8: Titrating apparatus [53] 

3.2.3 Procedure 

Three sets of composting vessels are needed to carry out the biodegradability testing of 

bioplastic materials. 

1. Three vessels for blank compost 

2. Three vessels for reference material 

3. Three vessels for test material 

First ensure all the glassware is properly cleaned and free from organic or toxic matter. 

The dry mass of the compost to the test material should be 6:1 ratio and each vessel 

contained same amount of compost including the blank sample. Add all testing materials 

about three quarters of the volume form the composting bottle and leave the space 

above the compost to manually shake time to time.  
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Table 3: Weights of 6 aerobic composting bottles 

Vessel 

No. 
Sample 

Empty 

vessel 

weight 

Reference 

material 

weight 

Total weight 

of bottle 

Compost 

weight 

1 Compost (Blank) 
992 

- 
1860 868 

2 Compost (Blank) 
987 

- 
1819 832 

3 Compost (Blank) 
988 

- 
1822 834 

4 Compost + Cellulose 
983.2 48.5 1758.5 726.8 

5 Compost + Cellulose 
982.9 48.5 1755.3 723.9 

6 Compost + Cellulose 
980.5 48.5 1763.4 734.4 

 

Place the composting vessels in the hot water bath to maintain a constant temperature 

which is 58±2 0C, and initiate aeriation from the pump after water saturation and CO2 

removing by passing the air through wash-bottles filled with 0.5M sodium hydroxide 

solution (NaOH aq.). 

Collect the CO2 producing by the composting process by dissolving the gas in 0.2M 

potassium hydroxide solution (KOH aq.). 

The carbon dioxide produced is constantly monitored, and measured at regular intervals, 

in test and blank vessels to determine the cumulative CO2 production. Aerobic conditions 

were maintained during the test in each composting bottle, by checking the air flow 

regularly at each outlet to make sure there is no leaks in the system. 

Maintain the oxygen concentration level always above 6%, to maintain the aerobic 

conditions. Oxygen levels should closely monitor and adjust air flow rates accordingly. 
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1. air 6. NaOH solution 

2. CO2 free air 7. CO2 removal system 

3. exhaust air 8. composting vessel 

4. headspace 9. CO2 determination system 

5. test material  

Figure 9: Layout of aerobic test system according to ISO 14855-1:2012 standard [54] 

 

 
Figure 10: Actual aerobic test system 
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3.2.4 Incubation period 

Carbon dioxide was measured once per day and all the composting vessels were shacked 

once a week to ensure even distribution of compost, plastic material, air and moisture. 

Composting vessels were incubated for 3 months at the constant temperature of 58±2 
0C while recording the CO2 emissions to make sure full-scale composting. 

3.2.5 Calculations 

Measuring the CO2 evolved 

Carbon dioxide evolved from the composting vessels were evaluated by the titration 

method. Three parallel samples were used to measure the amount of carbon dioxide 

according to the following procedure and calculated the simple average of those three 

values. 

CO2 react with KOH as: 2KOH + CO2 ® K2CO3 + H2O 

In the KOH solution which used to absorb CO2 c both unreacted KOH and K2CO3 

During titration, both KOH and K2CO3 will react with HCL as follows in 2 different pH 

ranges, 

KOH + HCL ® KCL + H2O; PH 7 

K2CO3 + HCL ® KHCO3 + KCl; PH 8.5 

By using 2 indicators (phenolphthalein and methyl orange), which can be used in pH 7 

and 8.5 to measure the KOH and K2CO3 volumes. From the colour difference in both 

ranges, HCl volume can be measure and it can be used to calculate CO2 emitted from 

the composting process as follows. 

CO2 mol = {V HCL (2) –V HCL (1)} *[HCL] 

V HCL (2) – is the volume of HCL consumed until pH range 8.5 

V HCL (1)– is the volume of HCL consumed until pH range 7 

[HCL] – concentration of the HCL (0.2 mol/l) 

CO2 weight = CO2 mol × 44 g/mol 
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Calculation of biodegradation 

First the theoretical amount of carbon dioxide ThCO2 in grams per vessel which can be 

produced by the reference material was calculated using the following equation [54]. 

 𝑇ℎ𝐶𝑂! = 𝑀"#" × 𝐶"#" ×
44
12 

(Equation 1) 

𝑀"#" – Total dry solids (g) in the reference material introduced into the composting 

vessels at the start of the test 

𝐶"#" –Proportion of total organic carbon in the total dry solids in the reference material 

44 and 12 – are the molecular mass of carbon dioxide and the atomic mass of carbon 

From the cumulative amounts of carbon dioxide released, the percentage 

biodegradation  𝐷$ of the reference material was calculated using the following equation 

[54]. 

 𝐷$ =
(𝐶𝑂!)" − (𝐶𝑂!)%

𝑇ℎ𝐶𝑂!
× 100 

(Equation 2) 

(𝐶𝑂!)" – Mean cumulative amount of CO2 evolved in composting vessel containing 

reference material 

(𝐶𝑂!)% – Mean cumulative amount of CO2 evolved in the blank composting vessels 

𝑇ℎ𝐶𝑂! – Theoretical amount of CO2 which can be produced by the reference material 

3.3 Anaerobic biodegradability testing 

Determination the biodegradability of bioplastic materials under the anaerobic 

environment is carried out according to the ISO 15985: 2014 standard approved by the 

European committee for standardization.  

3.3.1 Test environment 

The test environment is needed to be a controlled environment which has dark lighting, 

and the temperature of 52±2 0C. The continuous temperature was maintained by a 

thermal bath.  
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The environment was free from vaporous inhibitory which can cause impacts on 

microorganisms.   

3.3.2 Apparatus needed 

• Digestion vessels – Glass bottle with 500 millilitres volume which do not allows 

gas escaping during the process. 6 bottles are required for compost and cellulose, 

3 bottles each. 

• Gas volume measuring system – The releasing biogas was measured by the 

wet gas flow measuring device. This is working according to the principle of liquid 

displacement and buoyancy. 

• Incubator – To dry the samples up to 105 and 550 0C to measure the TDS and 

TVS. 

• Electric Balance – To measure the weight of samples. 

• pH meter – To measure the pH of compost. 

3.3.3 Procedure 

Two sets of anaerobic digesting vessels were needed for carry out the biodegradability 

testing of bioplastic materials as follow. 

1. Two vessels for blank controls 

2. Two vessels for reference material 

3. Two vessels for test material 

First ensured all the glassware was properly cleaned and free from organic or toxic 

matter. 

The dry mass of the compost to the test material should be 6:1 ratio and each vessel 

contained same amount of compost including the blank sample. Added all testing 

materials about three quarters of the volume form the composting bottle and left the 

space above the compost to manually shake time to time.  
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Table 4: Weights of anaerobic digesting bottles 

Vessel 
No. 

Sample Empty 
vessel 
weight 

Reference 
material 
weight 

Total weight 
of bottle 

Compost 
weight 

1 Compost (Blank) 339 - 539.7 200.7 

3 Compost + Cellulose 339.8 14.75 553.9 199.35 

 

Placed the digesting vessels in the hot water bath to maintain a constant temperature 

which is 52±2 0C and connected them to the gas measurement device.  

The biogas production was constantly monitored and make sure the anaerobic 

conditions were maintained during the test in each digesting bottle by checking each 

outlet to make sure there was no leaks in the system. 

3.3.4 Incubation period 

Biogas volume was measured once per day and all the composting vessels were shacked 

once a week to ensure even distribution of compost and plastic material. 

Composting vessels were incubated for 40 days at the constant temperature of 52±2 0C 

while recording the biogas emissions to make sure full-scale anaerobic digestion. 

3.3.5 Calculations 

Calculation of gaseous carbon 

First, the volume of methane evolved from reference samples are converted to volumes 

at standard conditions (temperature = 273K and pressure 1.013.25 hPa) using the ideal 

gas equation [55]. 

 𝑝𝑉
𝑇 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

(Equation 3) 

𝑝 - pressure 

𝑉 - volume 

𝑇 - temperature 

The converted volume of biogas is then converted to mass by using the standard 

equation which is 22.4 ml of biogas at STP = 12 mg of Carbon. 



39 

Calculation of the percentage biodegradation 

From the cumulative amounts of carbon released, the percentage of biodegradation of 

the reference material was calculated using the following equation [55]. 

 %	𝑏𝑖𝑜𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 =
𝑚&,((𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒) − 𝑚&,((𝑏𝑙𝑎𝑛𝑘)

𝑚&,)
× 100 

(Equation 4) 

𝑚&,( - Amount of gaseous carbon evolved 

𝑚&,)- Amount of carbon initially in the test material (TOC × weight of sample) 
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4 RESULTS ANALYSIS 

4.1 Aerobic Biodegradation 

The carbon dioxide evolved from each vessel was measured by the titration process. In 

the day 1, 1st compost vessel had 8.7ml of HCl reading after the titration. The total 

volume was 500ml and the sample taken to titrate was 20ml. 

 𝐶𝑂!	𝑚𝑎𝑠𝑠 = I
8.8
1000 × 0.2J ×

20
500 × 44 = 1.914𝑔 

 

After 45 days aerobic composting process in 3 separate biodegrading vessels, blank 

compost samples were calculated similarly and presented the values in figure 11. 

 

Figure 11: Daily CO2 production from blank composting vessels 
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At the beginning of the composting process carbon dioxide release rate is lower than 

compared to the middle of the composting process. The recorded highest per day of 

releasing carbon dioxide was 7.9 g and the lowest is 0.35 g per day. 

The cumulative amount of carbon dioxide released from each composting vessel 

presented in Figure 12. 

 

 

Figure 12: Cumulative CO2 production from blank composting vessels 
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Figure 13 illustrates the biodegradation of cellulose in compost after 45 days of 

biodegradation under the aerobic conditions. 

 

Figure 11: Daily CO2 production from cellulose + compost vessels 
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Figure 12: Cumulative CO2 production from cellulose + compost vessels 

 
Cumulative amount of carbon dioxide produced after 45 days of aerobic biodegradation 
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Figure 15: Average CO2 production from blank compost samples and cellulose + 
compost samples 

 
According to the graph the total amount of carbon dioxide produced from the blank 

samples at the end of 45 days is 116.42 g and cellulose + compost samples is 152.81 

g.  
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 𝑇ℎ𝐶𝑂!	𝑜𝑓	𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 = 48.5	 × 	0.9078	 × 0.44	 ×
44
12 = 71.03𝑔 
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 𝐷$ =
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4.2 Anaerobic Biodegradation 

After 40 days of anaerobic digestion, biogas production from the blank compost sample 

and the (compost + cellulose) sample presented in Figure 16. 

 

Figure 13: Daily Biogas production from compost sample and compost + cellulose 
sample 

 
At the start of the process both samples have released large amount of biogas and with 

the time the amount of biogas releasing reduces. At the end of the experiment period, 

compost + cellulose sample released 5.5 ml of biogas per day and compost plus cellulose 

sample released 1.2 ml of biogas per day. 

The cumulative of releasing biogas throughout the digestion process illustrated in Figure 

17. This diagram reflects the biodegradability of cellulose with respect to the blank 

compost sample. 
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Figure 14: Cumulative biogas production from compost sample and compost and 
compost + cellulose sample 

 
According to the total biogas amount produced after 40 days of anaerobic digesting 

process, blank compost sample has released total amount of 859.1 ml of biogas and 

compost + cellulose sample has released 988.8 ml of biogas. 

According to the ISO 15985: 2014 standard, to remark as a successful material to use 

as reference material, cellulose should degrade more than 70% after 15 days of 

anaerobic digesting period 

According to the total biogas production, after 15 days blank sample has produced 511.6 

ml of biogas and compost + cellulose sample has produced 975.3 ml of biogas. Based 

on these 2 values total biodegradation percentage of cellulose can be calculated by 

converting volume of biogas by using the standard equation which is 22.4 ml of biogas 

at STP = 12 mg of Carbon. 
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 𝐵𝑖𝑜𝑔𝑎𝑠	𝑚𝑎𝑠𝑠	(𝐶𝑜𝑚𝑝𝑜𝑠𝑡	𝑣𝑒𝑠𝑠𝑒𝑙) = 511.6𝑚𝑙 ×
273𝐾

(273 + 52)𝐾 ×
12𝑚𝑔
22.4𝑚𝑙

= 230.22𝑚𝑔 

 

 𝐵𝑖𝑜𝑔𝑎𝑠	𝑚𝑎𝑠𝑠	(𝐶𝑜𝑚𝑝𝑜𝑠𝑡 + 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒	𝑣𝑒𝑠𝑠𝑒𝑙)

= 975.3𝑚𝑙 ×
273𝐾

(273 + 52)𝐾 ×
12𝑚𝑔
22.4𝑚𝑙 = 438.89𝑚𝑔 

 

 

 𝐼𝑛𝑖𝑡𝑖𝑎𝑙	𝑐𝑎𝑟𝑏𝑜𝑛	𝑖𝑛	𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 = 14.75 × 0.44 = 6.49𝑔  

According to the equation 4, the percentage of biodegradation of cellulose: 

 %	𝑏𝑖𝑜𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 =
438.89𝑚𝑔
6490𝑚𝑔 × 100% = 6.8% 

 

The low biodegradability of cellulose in anaerobic environment was a result of not 

maintaining the optimum conditions for the bacteria such as higher temperature in the 

test environment (58 0C) and the amount of cellulose added to the biodegrading vessel 

is higher than the optimum ratio. Therefore, this experiment has to be conducted again 

with more monitoring and controlling methods and more suitable compost and cellulose 

material. 

To be successful, there should be 3 similar blank samples and 3 similar composts + 

cellulose sample vessels in the anaerobic digesting system. According to the ISO 15985: 

2014 standard the difference of percentage of biodegradation between these samples 

should be less then 20%. Including three similar samples from each to validate the 

results as described in the standard will make a successful experiment. 
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5 CONCLUSIONS 

This experiment was carried out to determine the biodegradability of new bioplastic 

materials. For the comparison of results, cellulose was used as a reference material.  

In comparison to the blank compost sample, cellulose was degraded only 51.23% in the 

controlled aerobic environment after 45 days. According to the ISO 14855-1:2012 

standard, the reference material has to degrade more than 70% in the similar conditions 

to evaluate biodegradability of new materials. In the natural composting environments, 

cellulose is degrading around 65 – 70% [56]. Main reasons for the low biodegradability 

results from the experiment are, 

• Carbon dioxide leakage from the system by lose connections 

• Gas escape during the samples taking for titration. Each time taking samples to 

titrate, the air flow continuously worked and gas was escaping from the system 

due to that. 

• At the start of the experiment the air flow rate was higher than the recommended 

value which made the gas loss not negligible 

• The compost used from the wastewater treatment plant could contain chemicals 

or heavy metals which are not suitable for the microbes to grow. 

• Other human errors of measuring volumes and reading data 

To achieve the expected results according to ISO 14855-1:2012 standard, this 

experiment has to be done again with more monitoring and controlling methods and 

more suitable compost material. 

The test results of cellulose biodegradation in anaerobic environment shows the 

percentage biodegradability as 6.8%. The level of biodegradability is quite low compared 

to the expected value of more than 70% after 15 days of period according to the ISO 

15985: 2014 standard. The main reasons for the low results are partly similar to the 

aerobic system which are gas leakages from the lose connections of the testing system 

and other human errors.  

Also, the test environment was not maintained up to the optimum level such as higher 

operating temperature of (58 0C) and higher ratio of cellulose with respect to the 

compost added to the sample. The results were impacted from these errors too. Also, 

the 2nd attempt of anaerobic test which is progressing at the moment of writing this 
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report shows that cellulose has started its active phase of biodegradation started after 

20 – 22 days testing instead of after 15 days. This can be explained because the compost 

was taken from a wastewater treatment plant, and the anaerobic bacteria population in 

this compost can be different with the municipal solid waste treatment plant producing 

compost. 

Other than these reasons, anaerobic bacteria are more sensitive to the environmental 

parameters and slight change of conditions will affect for the population growth and 

their activities. Similar to the aerobic bacteria, heavy metals and toxic chemicals 

accumulated in the wastewater sludge can affect the anaerobic process. Because of 

these reasons, the biodegradability of cellulose in the controlled anaerobic environment 

is quite low. 

The other studies of biodegradability testing, use materials like starch or PE as reference 

materials too. Starch has TOC level of 38% and PE has TOC level of 85.7% [57]. 

Depending on the environmental and physical conditions, higher TOC or lower TOC 

material can be used to increase carbon dioxide production and to get more accurate 

results. 
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6 SUMMARY 

Conventional plastics are one of the most highlighted issue in the present market due 

to the accumulation of used products in the soil and water. Bioplastics are one of the 

common alternatives for replacing conventional plastics as an environmentally friendly 

product. 

 

Bioplastic composition and the properties can be divided into two main groups according 

to the raw material which is used to produce or according to the level of 

biodegradability. Bio-based biodegradable plastics are the most environmentally 

friendly type to reduce impacts from using conventional polymer products. 

 

Testing the biodegradability of newly developed bioplastics is an important task to 

identify the level of biodegradability and other impacts that cause to the environment 

after it introduced to the market. 

 

Biodegradability of bioplastics can be tested in aerobic and anaerobic environment 

according to the ISO 14855-1:2012 and ISO 15985: 2014 standards respectively. The 

necessary equipment, chemicals and building the system was carried out according to 

the ISO standards. Based on the carbon dioxide emission and the biogas emission from 

each process, the percentage of the biodegradability of plastic materials were 

calculated. 

 

To test the biodegradability of bioplastic material in soil, it needs blank sample and 

reference material to compare the results of new products. In this experiment compost 

and cellulose was used as the blank sample and reference material for the comparison. 

Calculated amount of theoretical carbon released from the material and experimental 

cumulative amount of carbon released from the material during degradation are the 

main parameters of determining the percentage of biodegradation of a material. 

 

After 45 days of aerobic degradation, Blank sample has released 116.42 g of carbon 

dioxide in average and cellulose containing in the compost sample (reference sample) 

released 152.81 g of carbon dioxide. According to the results, the percentage of 

biodegradation of reference material is 51.23%. 

 

After 40 days of anaerobic digesting blank sample has released 859.1 ml of biogas and 

cellulose containing in compost released 988.8 ml of biogas, and after 15 days of 

biodegradability in anaerobic environment, the percentage is 6.8%. 
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According to the results, cellulose biodegradation is more efficient in the aerobic 

environment than anaerobic conditions when the other parameters are similar to both 

environments. But in both systems cellulose shows poor biodegradability due to 

experimental facts. 

 

To be an acceptable biodegradability testing experiment, the reference material should 

degrade more than 70% after 45 days in aerobic environment and more than 70% in 

anaerobic environment after 15 days.  

 

The degree of biodegradation of cellulose more than 70% in both environmental 

conditions can be achieved by maintaining the right conditions and well maintaining 

biodegradation system. Most common errors can occur during experiment are gas 

leakage from the composting system and not enough nutrients for the microorganisms. 

 

If the experiment gets the expected results after the certain period in aerobic and 

anaerobic environment, the same system and the method can be used to measure the 

percentage of  biodegradability of new bioplastic materials in the same conditions. It is 

important to follow the standard and operating procedures to obtain the accurate results 

from the experiment. 
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