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Abstract 

 

 Plastic is everywhere. Today's life without plastics is unimaginable. The benefits are 

huge, but not many people know about the negative effects of plastic waste on the 

environment. Being aware of them made us think of an alternative which will solve the 

problem. We thought if people used biodegradable plastics instead of petroleum-based 

plastics, the world would be much cleaner.  

 Biodegradable and renewable resources are needed to make bioplastics. Starch from 

agricultures such as corn, potatoes etc. can be used as a building block. A mixture of starch 

and additional substances becomes plastic in a heating-cooling process. This year's statistics 

show that world plastics production reached nearly 280 million tonnes. Recycling only does 

not solve the problem as still a huge amount of plastic waste ends up in landfills and oceans. 

The experiment shows that the resulting plastic is biodegradable and that it can be used for 

certain purposes. If this kind of plastic was used instead of conventional plastics, besides the 

plastic waste reduction, land and water contamination would be reduced as well since our 

plastic contains no toxic substances.  

 The fossil fuel resources will not last forever, and so will not the production of 

conventional plastics. Bioplastic is fossil fuel independent and is less harmful for the 

environment. In addition, it is made of renewable resources which makes this kind of plastic 

the „plastic of the future“. 

  



Page | 5 
 

1. Introduction 

 

 Plastics are all around us. A life 

without plastics is unimaginable today. It is 

a material that meets the most needs of 

everyday life. Its properties are easily 

modified so it finds wide use (applications 

in packaging, building and construction, 

transportation, medicine, clothing, toys, 

electronic devices, and many other). 

 

1.1 What is the issue? 

 

Non-biodegradable plastic waste 

 

 The short-term convenience of using 

and throwing away plastic products carries a 

very inconvenient long-term truth. These 

plastic water bottles, cups, utensils, electronics, 

toys, and gadgets we dispose of daily are rarely 

recycled in a closed loop. Around 30% of plastic 

waste is not being recycled. Most plastics are 

not biodegradable, so whereever they go, they 

will last there forever. Even if they break down, 

they never degrade completely.  

 

 

Plastics in landfills  

 

 The vast majority of plastic, especially 

plastic bags, winds up in landfills. Besides the 

fact that available landfill space is becoming 

increasingly scarce, plastic poses special 

problems for landfills. Most plastic is not 

biodegradable, which means it does not break 

down to its simple component parts. This means 

it remains present in landfills indefinitely.  

 

  

Figure 1.1 Plastics applications 

Figure 1.1.1 Plastic waste does not biodegrade 

Figure 1.1.2 Plastics will never degrade in landfills and 
they continuously decrease the available landfill space 
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Plastic pollution in the oceans 

 

 As more plastic flows from our watersheds to the sea, scientists are finding that 

plastic debris is accumulating in the each of the 5 oceanic gyres. Research conducted by the 

Algalita Marine Research Foundation highlighted the "Pacific Garbage Patch”, - an area of 

plastic accumulation in the North Pacific between California and Hawaii. Studies by the Sea 

Education Association, (SEA), in the Atlantic have documented plastic pollution in the North 

Atlantic Gyre.  

 

Toxins in plastics 

 

 The best-known plastic toxins include the phthalates and 

adipates (contained in type 3 plastics) and polycarbonates (like 

bisphenol A, in some type 3 and type 7 plastics). The long-term 

health implications of various chemicals that leach from plastics are 

poorly understood. It is now known that many can disrupt 

hormonal function.  

 

Greenhouse gases 

 

 During plastic creation, oil needs to be 

refined and burned which causes the release of 

CO2 gas into the atmosphere. As conventional 

plastics are not made from renewable resources, 

the CO2 gas is not captured back but causes 

global warming.  

 

  

Figure 1.1.3 The five oceanic gyres Figure 1.1.4 Plastic waste in the ocean 

Figure 1.1.5 PVC plastics 
contain toxic gases and 
release them when burned 

Figure 1.1.6 A demonstration indicating the danger of 
plastic bags  
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1.2. What is the alternative? 

 

 A sustainable alternative to traditional plastics, bioplastics are plastics that are fully 

or partially biobased, and/or biodegradable or compostable. In other words, they are plastics 

that are made from renewable resources (plants like corn, tapioca, potatoes, sugar and 

algae), and they will break down faster than traditional plastics, which are typically made 

from petroleum, and other fossil resources such as natural gas. 

 
Figure 1.2.1 Showing the origin of conventional plastics on the left, and bioplastics on the right 

Bioplastics support the earth by offering a reduced carbon footprint,  a reduced use of fossil 

resources, and  improved end-of-life options. Bioplastic is a non-toxic alternative to 

traditional plastic.  

End-of-Life 

 Many bioplastics are 100% compostable and will biodegrade in 180 days or less when 

disposed of in a municipal composting facility, whereas traditional plastics can take decades 

to break down. Initially, when conventional plastics begin to break down, they fragment into 

smaller and smaller particles that often end up in our water stream, and in our food stream 

when animals eat the plastic particles. Conversely, compostable plastics are absorbed back 

into the earth and become nutrients for the soil – closing the loop. 

Figure 1.2.2 The cycle of Bioplastics and their end-of-life 
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Cycle Time 

 Bioplastics have the same cycle time as traditional plastics but because the process 

requires significantly lower processing temperatures, bioplastic products can save up to 35% 

energy. In addition, bioplastics have two thirds less harmful greenhouse gas emissions 

during the production process. 

1.3. Introduction to the experiment 

 

  As bioplastics are a good and a sustainable alternative, we wanted make our own 

home-made bioplastic utensils. The purpose of our experimental research is to show how 

bioplastics look like, and to prove their usability and compostability. One of good sides of our 

experiment is that it doesn't need any supervision by parents or the mentor. Also all the 

things needed for it were easily accessible in markets and drug stores. The ingredients for 

bioplastic do not cost much, so we did not spend much money to make it. The problem was 

only to find the right recipe for actually usable bioplastic and that is what we did.  

  

Figure 1.3.2 Compostable certificate Figure 1.3.1 A cartoon version of biodegradation 
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2. Questions 

 

1. Does bioplastic feel like real plastic? 

2. Is bioplastic really biodegradable? 

3. Is the bioplastic's tear-resistance high enough to be usable? 

4. Can this plastic replace conventional plastics in some applications? 

 

3. Hypotheses 

 

Project hypothesis: It is possible to make usable bioplastics at home from renewable 

resources. 

 

Hypotheses regarding tear-resistance of our plastic 

1. Hypothesis: In a ratio between starch and gelatine, as the gelatine percentage increases, 

the elasticity also increases 

2. Hypothesis: In a ratio between starch and gelatine, as the starch percentage increases, the 

stiffness also increases.  

 

Hypotheses regarding other plastic properties 

3. Hypothesis: A bigger amount of glycerin will yield more flexible plastics. 

4. Hypothesis: A bigger amount of lemon juice will yield more flexible plastics. 
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4. Variables 

 

 Our project contains more tests, ones where measurements were done, and others 

where results were observed.  

 

Tensile Test 1 

Independent variable: ratio between starch and gelatine 

Dependent variable: Ultimate tensile strength, elasticity, strain, stiffness, flexibility and 

clarity 

Constants: amount of water, glycerin, and lemon juice 

 

Tensile Test 2 

Independent variable: water amount 

Dependent variable: Ultimate tensile strength, elasticity, strain, stiffness, flexibility and 

clarity 

Constants: amount of starch, gelatine, glycerin, and lemon juice 

 

Additive Test 

Independent variable: additive amount 

Dependent variable: clarity, and flexibility 

Constants: amount of starch, glycerin, and water 

 

Glycerin Test 

Independent variable: glycerin amount 

Dependent variable: elasticity, tear-resistance, and flexibility 

Constants: amount of starch, gelatine, water, and lemon juice 
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5. Materials 

 

Ingredients: 

• Tap water 

• Corn starch 

• Bovine gelatine or Agar (vegan gelatine) 

• Lemon juice 

• Glycerin 

• Edible food colors (optional) 

 

Other needed materials: 

• Syringe (or any other measuring tool) 

• Balance 

• Table spoon 

• Tea spoon 

• Cup 

• Pot 

• Cooking plate or a place to heat the mixture up 

• Silicon spatula 

• Silicon sheet or plastic foil 

Figure 5.1 Materials needed to make bioplastic at home 
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Measuring tools: 

 Dynometer 

 Mechanical grips 

 Caliper 

 Meter  

Figure 5.2 Materials needed to perform a Tensile Test 
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6. Procedure 

 

6.1 Making bioplastic 

1) Put 2 table spoons of starch into the a cup  

2) Put 2 table spoons of bovine gelatine into the cup 

3) Pour 100ml of water  (1/2 cup) and pour it into the mixture 

4) Put 1 table spoon of of lemon juice into the mixture. 

5) Repeat step 4 using glycerin instead of lemon juice. 

6) Optionally put the drop of edible color. 

7) Stir everything (you will see clots of gelatine doe to the water temperature, but don't 

worry, as the mixture heats up, gelatine will dissolve too) 

8) Pour the mixture into a pot and put it on a cooking plate 

9) Use a silicon spatula and stir the mixture as it heats up 

10) The mixture will start turning into a jel and will become thicker and thicker, keep 

stirring until it starts to stick on your spatula 

11) Remove the heat and spread your plastic mass on a silicon sheet, or a plastic foil 

(spread it quickly as it will be harder and harder to spread it on the sheet) 

12) Leave the plastic mass on a dry place and wait a couple of days for it to dry off 

completely (depending on the humidity in the room this may take from 2-5 days) 

13) When the plastic mass dries enough to take it off from the sheet, turn it upside down 

so the bottom side can dry off faster 

14) After a few days the plastic mass will dry off completely and will become real plastic 

Figure 6.1.2 Cooking biopastics 

Figure 6.1.1 Preparing the ingredients 

Figure 6.1.3 A flexible sample of bioplastic 
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You may use one of the following methods to speed up the cooling process 

• Use a ventilator for few hours per day so it blows air over the plastic mass (it is good 

to put the ventilator near a working radiator so it blows hotter air) 

• Use a hair blower for 10-20 minutes every 2 hours to blow some hot air over the 

plastic mass 

• Put the mixture into the oven and turn on the heat from top and bottom with 

ventilator. The temperature inside the oven must be 60°C. The plastic mass has to 

stay inside the oven for 2-3 hours to dry off completely (depending on its thickness).  

 

6.2 Measuring 

Preparation 

1. Use the caliper to measure the average 

thickness of your example (as it is hard to 

make a sample that has equal thickness 

everywhere) 

2. Make sure your sample has straight ends (if 

it has uneven ends cut it so it has the shape 

of a rectangle) 

3. Take the length of one side of your example 

4. Measure the cross sectional area of that 

side (thickness times side length) 

5. Use the mechanical grips and gripe the top 

and the bottom side of your sample with 

them  

6. Attach the dynometer on one of the grips 

by the use of its belt 

7. Fix the other grip on a table so it still holds 

the plastic 

8. Now put the meter close to the grip with 

the dynometer so you may measure the 

elongation 

Figure 6.2.1 Samples of bioplastic prepared to be 
tested 

Figure 6.2.2 Setting the system 
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Measuring (Let someone help you take notes while you perform the actions) 

9. Turn on the dynometer and wait till it 

calibrates 

10. Now push it easily straigth forward, your 

assistant should see the value of your force in 

kilogrames on the dynometer 

11. As you push the dynometer, look at the 

plastic sample and tell your assistant to note your 

force value when it starts to stretch 

12. Now start increasing your force looking at 

the meter 

13. Measure and memorize the elongation as 

you push the dynometer until the sample breaks 

14. Your assistant shall write down the value of your force at the break point of your 

sample  

15. Now tell the value of elongation so your assistant can write it down 

16. You now have the value of elongation and the value your force at the stretching and 

break point 

17. To measure ultimate tensile strength, elasticity, strain, and stiffness of your sample, 

do the math by the use of physics formulas 

 

6.3 Proving biodegradability and compostability 

1. Get a plastic sample you made 

2. Put it into the ground and wait for a 

week 

3. Dig it out and take a photo of it 

4. Repeat the 2. and the 3. step 

5. Compare the photos and see the 

difference 

6. If you want to see your sample degrade 

completely, put your sample back into 

the earth and check it every week until 

you see it no more  

Figure 6.2.3 Measuring the force applied on the 
dynometer 

Figure 6.3.1 An example of bioplastic after 14 days in 
the ground 
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7. Observations 

7.1 Additive test 

 Starch is made of amylose and amylopectin polymers. Amylose is a long chain 

polymer while amylopectin is branched. When starch is put into water, it dissolves and the 

polymers disorder. If ions are added to the mixture, polymers disorder more easily, which 

yields a bit better result. Vinegar can be added to the mixture for this purpose but it yields a 

smelly plastic. Therefore a substitute is needed. Salt and lemon juice are easily accessible in 

the market and they include no emuligators. After a few tests with salt, we noticed that 

more salt yields a floury surface of our result and it does not make it look or feel like real 

plastic. However, lemon juice yields a positive result. Lemon juice makes the outcoming 

plastic more transparent, more flexible and more elastic. Too much lemon juice yields a 

plastic with very low tear-resistance. Thus there is a tradeoff. After the test was done, we 

have found the right ratio between starch and lemon juice. 

7.2 Glycerin test 

A formula without glycerin yields a very rigid, squishy, and unflexible plastic. Glycerin 

acts as a lubricant and makes the polymers move easier. In other words, glycerin makes the 

plastic more flexible and more tear-resistant. We tried making a plastic with a big amount of 

glycerin. Too much glycerin ruins the plastic like when too much salt is added to it. The 

outcome is a jelly kind of structure that can not be actually used, or considered as plastic. By 

doing the glycerin amount test, we've found the best ratio between starch, gelatine and 

glycerin for our product.  

7.3 Biodegradation test 

 Our test is successful. We have put a sample into the earth and we checked it every 

week until it degraded completely. After each week we took a photo of it. We could clearly 

see how it degrades week by week. A month passed and we could not see our sample 

anymore. This proves the biodegradability and compostability of our plastic. 

7.4 Other tests 

 There are some formulas online which we tested in order to see if they yield good 

results. Most of the formulas actually yold bad results. We also did tests with our own 

different formulas. All this helped us to find more easily the right ratio of the ingredients for 

a formula which was used for further tests. 
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8. Data Tables 

 

Table 7.1 Tensile Test 1 

Independent variable: Ratio between starch and gelatine 
Dependent variables: UTS (ultimate tensile strength), Stress, Strain, Young's Modulus, 
Elongation 
Constants (ingredients): amount of starch, gelatine, glycerin, and lemon juice 
Test method: Using dynometer and mechanical grips 

Information Unit Values 

Sample Number N0 1 2 3 4 5 6 7 

Gelatine amount g 0 3 5 7,5 10 12 15 

Starch amount g 15 12 10 7,5 5 3 0 

Elongation (ΔL) mm 7 16 20 45 61 74 93 

Strain (ε) % 8 18 20 47 64 85 116 

Stress/Elasticity (σs) MPa 3,2 2,0 1,0 1,0 1,0 0,7 0,2 

UTS (σuts) MPa 2,8 3,0 1,7 1,6 4,5 3,7 3,7 

YM/Stiffness (E) MPa 41 11,37 4,80 2,07 1,61 0,86 0,16 

 

Table 7.2 Tensile Test 2 

Independent variable: Water amount 
Dependent variables: UTS (ultimate tensile strength), Stress, Strain, Young's Modulus, 
Elongation 
Constants (ingredients): amount of starch, gelatine, glycerin, and lemon juice 
Test method: Using dynometer and mechanical grips 

Information Unit Values 

Sample Number N0 1 2 3 4 5 6 7 

Water amount ml 40 60 80 100 120 140 160 

Elongation (ΔL) mm 42 18 40 37 0,1 3 13 

Strain (ε) % 37 19 36 42 0,1 4 17 

Stress/Elasticity (σs) MPa 0,3 0,6 1,2 2,6 1,5 4,3 1,7 

UTS (σuts) MPa 1,1 1,3 3,3 4,0 1,5 4,5 2,9 

YM/Stiffness (E) MPa 0,91 3,1 3,43 6,09 1323,00 101,00 5,26 
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9. Graphs 

9.1 Tensile Test 1 

Testing samples to see which Starch-Gelatine ratio yields the best plastic properties 

 

 

Figure 9.1.1 Ultimate Tensile Strength 

 

Figure 9.1.2 Elasticity (Stress) 
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Figure 9.1.3 Elongation 

 

 

Figure 9.1.4 Strain 
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Figure 9.1.5 Stiffness (Young's Modulus) 

 

Figure 9.1.6 UTS, elasticity, and stiffness comparison 
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9.2. Tensile Test 2 

(Testing samples to see which water amount yields the best plastic properties) 

 

 

Figure 9.2.1 Ultimate Tensile Strength 

 

Figure 9.2.2 Elasticity (stress) 
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Figure 9.2.3 Elongation 

 

 

Figure 9.2.4 Strain 
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Figure 9.2.5 Stiffness (Young's Modulus) 

 

Figure 9.2.6 UTS and Elasticity Comparison 
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10. Analysis 

 

10.1 Purpose and examples of measuring 

 

 The measurements were done in purpose of seeing how different ratios between the 

ingredients affect the result. The results of our measurements help us find the right formula 

for our own home-made bioplastic utensils. A tensile test precisely gives us the values of 

elasticity (how many megapascals does it take until the material starts to stretch), stiffness 

(how much the material stretched before it broke), strain (the elongation of the material 

during the test in percentage of its own length), and ultimate tensile strength (this can be 

defined as tear-resistance and it tells how many pascals does it take to tear the material 

apart). To measure these values physics formulas are required: 

 

-Ultimate tensile strength and stress(elasticity): 

𝜎 =
𝐹

𝐴
  (10.1.1) 

-Strain: 

𝜀 =
∆𝑙

𝑙₀
=

𝑙

𝑙₀
− 1 (10.1.2) 

-Young's Modulus (Stiffness): 

𝐸 =
𝜎

𝜀
 (10.1.3) 

 

An example of calculating UTS: 

Cross sectional area of the sample 

A=0,000057 m 

The force that the testing sample may handle until it breaks  

F=65N 

Calculating the UTS: 

𝜎 =
𝐹

𝐴
=

65

0,000057 
= 1140351𝑃𝑎 = 1,1𝑀𝑃𝑎 

 

An example of calculating stress: 

Cross sectional area of the sample  

A=0,000057 

The force applied before the stretching of the plastic sample  

F=20N 

Calculating the Stress: 

𝜎 =
𝐹

𝐴
=

20

0,000057 
= 350877𝑃𝑎 = 0,3𝑀𝑃𝑎 
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An example of calculating strain: 

Testing sample's length  

l0= 0,1m 

Testing sample's elongation  

Δl= 0,02m 

Calculating the Strain: 

𝜀 =
∆𝑙

𝑙₀
=

0,02

0,1
= 0,2 = 20% 

 

An example of calculating stiffness: 

Testing sample's elasticity 

𝜎 = 1,9 𝑀𝑃𝑎 

Strain 

𝜀 = 0,2 

Calculating the Stiffness: 

𝐸 =
𝜎

𝜀
=

1900000

0,2
= 3800000𝑃𝑎 = 38𝑀𝑃𝑎 

 

10.2 Tensile Test 1 Graphs Analysis 

 

 In Figure 9.1.1 we may see how different starch-gelatine ratios make difference in the 

tear-resistance of our bioplastic. The plastic with the highest tear-resistance is the one that 

shall be considered as best because high tear-resistance means the sample will not tear or 

break so easily. It happens to be the one with the starch-gelatine ratio of 1:2. The worst 

results seem to be the ratios 2:1 and 1:1 while the other results seem to be decent and 

slightly one better than the other. 

 In Figure 9.1.2 it is clear that the more gelatine is in the mixture, the more elastic is 

the plastic. 

 In Figure 9.1.3 we may see that more gelatine in the mixture means more elongation. 

Although the 3rd, 4th, and 5th result in figure 9.1.2 have the same elasticity, here we may 

see the difference in their elongation. The same elasticity is the result of different 

thicknesses of the samples. 

 In Figure 9.1.4 we have nearly the same results like in figure 9.1.3 because the 

samples we used for the test had usually the length of around 10cm. It clearly tells us how 

much the samples stretched  during the test in percentage of their own lengths. 

 Figure 9.1.5 is a hyperbole and it shows that the stiffness decreases as the amount of 

starch decreases, it is directly proportional with the amount of starch. 
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 The Figure 9.1.6 shows us how the ratio between starch and gelatine makes 

difference in stiffness, tensile strength and elasticity between our testing samples. The one 

with 100% starch is the stiffest while the one with 100% gelatine is the most elastic. 

However, our goal was to find a formula that yields tear-resistant, but yet still elastic and 

flexible plastic. The graph shows that the formula with a starch-gelatine ratio of 1 : 2 yields 

plastic of that kind. We also consider the 100% starch sample as a good one because of its 

stiffness and yet still not bad tear-resistance. 

 As this test had fixed values of water, glycerin and lemon juice, it does not give us 

directly the best formula for our utensils but it is sure a big step forward in our research. It is 

a guide in searching for our formula.  

  

10.3 Tensile Test 2 Graphs Analysis 

 

 Water is used as a solvent to get the biopolymer (starch) into solution. When the 

solution is heated, the water helps the starch molecules to become disrupted and 

disordered. While cooking the mixture there is already some amount of water evaporating 

as the mixture heats up. Water also evaporates completely during the cooldown process and 

so dry plastic is formed. When dried, the disordered polymer chains become entangled and 

a neat film is formed. If we consider all this, the water amount should not affect the plastic 

quality as it is not a part of its structure. This test was done to see how water affects the 

result. 

 Having in mind that all other substances had a fixed value during the test, we thought 

to get the same or just slightly different properties of our results. As we take a look at the 

graphs, we can clearly see that all our results have different properties. It is actually easy to 

explain this. During the creation of the samples for this test we did not cook some samples 

to the end by mistake. This caused each of the samples to have different liquid densities. 

Ones covered bigger area than other samples. All our samples had the same amount of 

polymer chains, but the chains had to cover different areas, thus their structures differ in 

width. This made the samples have different properties at the end. This test teaches us to 

spend more time on cooking the mixture (depending on the amount of water). 
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11. Conclusion 

 

 By the means of all our data, we were able to find the right formula for rigid, but 

tough, and elastic but durable plastics. At the end, we've written formulas to create real 

bioplastic utensils. Fortunately, all our data supports our hypotheses. 

 Our plastic feels and looks like real plastic and it is biodegradable. With a good ratio 

between the ingredients, we were able to make real bioplastic utensils. We will do further 

research in order to improve our project. We intend to find some other natural additives 

which will make our plastic have better properties. We also hope that after our research is 

entirely completed, we will be able to create anything we want with our formulas.  

Figure 11.1 The results the conclusion was drawn by 

Figure 11.2 A home-made bioplastic bag 
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