
Topic: The time it takes for Plastic to cover the Earth

I. Introduction 

1)

Photos courtesy of People scavenge for plastic from an Indonesian garbage dump by Juni 
Kriswanto

 Plastics are convenient to use, but on the one hand, they are considered one of the main causes 

of marine pollution. Since plastics, which are mainly treated by landfill, take more than 600 

years to decompose, various efforts are being made to reduce the amount of use. Instead of 

using plastic such as paper straws, companies are replacing them with materials that are easily 

decomposed, and as a personal effort, plastic packaging containers are not used. Also the R&D 

teams are also developing new plastics that are well biodegradable by bacteria.

 Despite the efforts of many people to reduce the amount of plastic used, the amount of use is 

still increasing in the number of single-person households and busy lives of modern people. 

Then, when plastic continues to increase in the current trend, will the earth be completely 

covered with plastics someday?

 In this paper, the amount of plastic to be discarded will be expressed mathematically, and 



through this, the amount to be discarded in the future will be predicted. Also, given that these 

plastics do not decompose and continue to accumulate, it will be calculated how long it will 

take to cover all of the Earth.

2) Theoretical background

a) Gaussian Elimination

 Gaussian elimination is an algorithm that solves a system of linear equations in linear algebra. 

Solve by gradually erasing some unknowns and expressing them as a linear combination of the 

remaining unknowns. Gaussian elimination usually uses a matrix, and completes the solution by 

transforming the addition matrix into a simpler matrix with the same solution as it. Gaussian 

elimination is also used to calculate determinants and inverse matrices.

Suppose there is a system of n equations as follows:
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These equations can be expressed as a matrix shown below.


 

      
       
  





 




The solution of the system of equations can be obtained by making the following form using 

multiplication, addition, and subtraction between each row.
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b) Sigma ()

 Sigma means that the sequence of general terms is added from 1 to n, and is denoted as . 

Sigma can be written as follows. 

  
          

The sum related to a natural number can be expressed with sigma, and there are three 

representative formulas.

(i)   
       

 
(ii)   
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II.  Body 

1. The amount of plastic landfilled

 First, we will use the statistical data related to plastics actually used, and represent the annual 

landfill amount in a polynomial model. Use the following table and figure to find a polynomial 

that represents the amount of landfill by year.

Sources: Plastics information is from the American Chemistry Council and the 
National Association for PET Container Resources.



  Since 1980, the amount of plastic landfilled has been increasing in the form of a quadratic 

function. If it is actually a quadratic function, it will decrease after 2018. However, since the 

amount of plastic used has been continuously increasing until recently, and it is expected that it 

will continue to be so, we will predict the amount of landfill by approximating it with a 

quadratic function before 2018 and a linear function from then on.

 Let's find a function         that shows the amount of landfill up to 2018. In 

order to find the quadratic function, we will select and substitute three values for landfilled. 

From 1980, we will substitute the values for 1980, 2000, and 2018 at approximately 20-year 

intervals. Then, the following equations are established.

         
         
         
Let's use Gaussian Elimination to get    . It can be expressed as a matrix shown below.
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row2−row1×  :  



 

  
  

  

 

 






row3−row1×  :  



 

  
  
  


 

 









row2÷ :  



 

  
  
  


 

 





row3+row2× :  



 

 
  
  


 

 





row3÷ :  



 

 
  
  


 

 






row1−row2× :  



 

  
  
  


 

 






row1+row3× , row1−row2× :  

 

      

 

 






Thus, we get   ,   ,   , and  is as follows.

    

Now, let's find a linear function that can estimate the amount of landfill after 2018. Setting 

    , let’s substitute two values in the last 10 years. 

     
     
Solving the system of equations gives a=325, b=−628880, so     .



2. Time until Earth is covered with plastic

Now, let's calculate how long it takes to cover about 3cm in height from the Earth's surface 

area. First, let's calculate the volume from the Earth's surface area to a height of 3 cm. Since 

the radius of the Earth is about 6371 km, the volume occupied from the surface area to the 

height of 3 cm is as follows.

     
 × 

  In this part, calculations will be based on polyethylene terephthalate (PET), one of the most 

commonly used types of plastic. The density of PET is 1380 . However, this is the density 

of the plastic itself, and the discarded plastic will be less than 1380 , considering that it is 

a plastic used as a container, like a 500ml water bottle. Consider a cylinder with a radius of 3 

cm and a height of 17.7 cm. If the thickness of the container is about 0.1cm, the mass of 

plastic used in a 500ml PET bottle is 1.38×39.02=53.85g. Since the inner volume of 

the PET bottle is 500ml, the density considering the inner space can be calculated as follows. 

Also, let's assume that the density of air is 1.2 .

 ×  ×   ×  ×   ×
   

The amount of PET that can cover the earth can be calculated as follows.

  ×   ×  
 ×  
That is, × kg of PET is needed. In 1, the unit of weight is U.S. ton, so if converted 

according to 1U.S.ton = 907.18474kg, it becomes ×   U.S. becomes ton.



Now let's calculate the amount of plastic landfilled.

From      , adding the amount of plastic( ) from 1973 

to 2018 where     gives the following.

    
 

   
      

     
If we denote the amount landfilled since 2018 as  , then   can be obtained as follows.

    
 

   
  

 ×  ×  ×     

To find the time (n) that the earth is covered, we need to find the year such that +=

×  .

+  ×   ×  ×  ×  
 × 

If we calculate this, when    , the amount of plastic that can cover the whole earth will 

be landfilled. In other words, if plastic is discharged in the current trend, the earth could be 

covered with plastic in about 3149 years.



III. Conclusion 

 We can draw the following conclusions from the discussions so far.

 

 , the amount of plastic landfill by year before 2018, and , the amount of plastic 

landfill by year after 2019, are as follows.

    
   
 In addition, assuming that the plastic does not continue to decompose, the amount of plastic 

landfilled by 2018 can be calculated as follows.

    
 

   
      

     
Also, the amount of plastic landfilled after 2019 can be obtained as follows.

    
 

   
  

 ×  ×  ×     

 The amount of plastic needed to completely cover the Earth to a height of 3 cm above the 

Earth's surface is × U.S. ton, so if we calculate the value of n such that +=

×  , we can see that the amount of plastic that can cover the whole earth will be 



landfilled when    . In other words, if plastic is discharged in the current trend, the earth 

could be covered with plastic in about 3149 years.

 However, in this paper, it may seem that it takes longer than expected because the period to be 

covered with only plastic was calculated. However, considering that households thought that they 

were covered with relatively thick materials, and that household waste contains not only plastic 

but also materials of various materials, the earth is probably covered with pollutants much faster 

than expected, and completely covered with pollutants. The ecosystem will collapse before it is 

covered up.
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