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Pyrolysis is thermal decomposition at a high temperature and low oxygen 
environment. Due to the lack of oxygen in this process, pyrolysis is not the same 
as burning. Pyrolysis in this case takes the long hydrocarbon chains of plastic and 
cracks them into much shorter chains in the form of liquids and gases. The process 
of pyrolysis begins in the air-tight reaction vessel, where the plastic is heated at a 
temperature of at least 500ºC. 100 gram samples of plastic are tested in each 
experiment. This high heat and lack of oxygen breaks the bonds of the long 
hydrocarbon chains, converting the plastic into a gaseous state, which is then fed 
through copper piping and condensed into a liquid form in a glass of water. All 
non-condensable gases are released through bubbles in the collection vessel. The 
condensed product is collected on the surface of the water in the form of fuel. This 
entire process takes about 45 minutes to complete. Once pyrolysis is complete, 
the oil is separated from the water and the collected product is measured. The 
flammability of the collected oil is also tested to determine whether or not it is a 
fuel product. 

Now how can the fuel created in pyrolysis be used? One opportunity for use 
is to put it in Island School vans. The average van on campus drives around 
19,000 miles per year. On pyrolyzed oil alone, that van could drive more 
than 11,000 miles. That would offset 60% of the fuel used in that van each 
year. 
Another opportunity for use is in energy. On an average November day, 
around 380 kWh of energy is consumed on campus. Along with that 75 kWh 
of wind and solar energy is produced. With pyrolysis, 20 kWh could possibly 
be produced. This would increase renewable energy production each day by 
25%. 
In the future, the product will be tested to learn more about the makeup and 
usability. Along with that the financial aspects of a full-scale pyrolyzer will 
be assessed. Then a full-scale pyrolyzer will be created making The Island 
School one step closer to a zero waste campus. This would divert plastic 
from its inevitable journey to a landfill. Through all of this The Island School 
would become a model to other communities facing similar problems. 

Literature Cited 
WMcHenry, M. P., (2008), Agricultural bio-char production, renewable energy generation and farm carbon sequestration in Western Australia: Certainty, 
uncertainty and risk. Agriculture, Ecosystems and Environment. 
Wang, Kaige., Brown R. C., Homsy, Sally., Martinez, Liliana., Sidhu S. S., (2012). Fast pyrolysis of microalgae remnants in a fluidized bed reactor for bio-
oil and biochar production. Bioresource Technology. 
Demirbas, Ayhan. (2004). Pyrolysis of municipal plastic wastes for recovery of gasoline-range hydrocarbons. Science Direct.  
Devaraj, J. Robinson, Y. Ganapathi, P. (2015). Experimental investigation of Performance, emission and combustion characteristics of waste plastic 
pyrolysis oil blended with diethyl ether used as fuel for diesel engine. Elsevier.  
Australian Institute of Energy. Energy Value and Greenhouse Emission Factor of Selected Fuels. IMIS. 
Gao, F. (2010). Pyrolysis of Waste Plastic into Fuels. University of Canterbury. 8. 
Khan, M.Z.H., & Sultana M., &. Al-Mamun, M. R., & Hasan, M. R. (2016). Pyrolytic Waste Plastic Oil and Its Diesel Blend: Fuel Characterization. 
Journal of Environmental and Public Health. 
Live Science Staff (2012). Plastic in Birds’ Stomachs Reveals Ocean’s Garbage Problem. Live Science. 

Acknowledgements 
Center for Sustainable Development Staff 

Mark Young and Sarah Emrich 
Robert Clyne, Clean Sea Fuels 

Dr. Robert C. Brown, Iowa State 

Fuel Average Calorific Value (MJ/L) 

Diesel 36.73 (Khan, 2016) 

Pyrolyzed #2 Plastic Oil 33.89 (Gao, 2010) 

Plastic Number Product Volume (mL) 

1 0 

1 0 

1 0 

2 40 

2 47 

2 85 

4 50 

4 50 

4 70 

5 77 

5 70 

5 70 

6 65 

6 72 

6 75 

Table 1 
Efficiency of Pyrolyzed #2 Plastic Oil is 92.2%. 

Table 2 
Fuel Oil Production from Plastic Pyrolysis 
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Plastic Type with Average Fuel 
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Annual Plastic Weight by Type 

46 kg 
(101 lbs) 

277 kg 
(610 lbs) 

347 kg 
(765 lbs) 

77 kg 
(169 lbs) 

114 kg 
(251 lbs) 

Total:	
  861	
  kg/	
  1898	
  lbs	
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The average calorific value, a measure of energy content in a fuel, of diesel 
and fuel derived from waste plastic #2 is given in Table 1. Pyrolyzed waste 
plastic #2 has the potential to be a substitute for diesel because of the similar 
energy content of the fuels; waste plastic #2 has only eight percent less 
energy than diesel. 
Plastics type #1, 2, 4, 5 and 6 were pyrolyzed in this study. The volume of 
pyrolyzed plastic produced is shown in Table 2. Currently there is no data 
collected for plastics #1 due to the potential oil clogging the piping. 
 Figure 1 shows the average fuel produced by pyrolyzing each type of plastic. 
Plastics #5 and #6 appear to have a larger product collection due to these 
plastics being pyrolyzed later on in the study and modifications being done 
to the pyrolizer; this is why plastics #2 and #4 have lower product collection. 
By running three more tests with plastic #2, the average fuel production of 
plastic #2 is projected to match the average fuel production of plastics #5 
and #6. 
Figure 2 shows the waste in weight that Island School produces annually by 
plastic type. Plastics #1 and #2 each account for about one-third of the 
annually weight, while plastics #6, #5, and #4 account for the other third of 
the annually weight.  
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Figure 1 
Plastic feedstock type compared to average fuel production. 

Figure 2 
Annual percentages and weights of each type of plastic. 

Figure 6 
One vans projected fuel offset per year. 

Figure 4 
Renewable energy production with pyrolysis compared to consumption. 
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•  Is pyrolysis feasible? Is pyrolysis even possible and if it is possible how is 
going to be feasible to the Island School? 

•  What are the products of plastic pyrolysis? Can useful oil be created? 
•  How much plastic waste does the Island School generate? Is it going to be 

good for the Island School to have a pyrolysis machine on campus?  
•  What is the waste-to-energy potential for plastic waste at the Island School? 

Can all of the waste plastic be converted into fuel oil and put in a van that 
runs on diesel? 

One million seabirds and 100,000 marine mammals are killed annually from 
plastic in the ocean (Live Science, 2012).  What if plastic waste didn’t have to 
impact the world in this way? Through the more eco-friendly alternative of 
plastic pyrolysis these effects can be voided and usable fuel is the major 
byproduct.  Here at the Island School, currently there are 4.5 tons of plastic on 
campus and that number is only growing.  Plastic waste has three major 
options of disposal, landfilling, recycling, and energy recovery from plastic 
pyrolysis.  At the Island School, the first option requires shipping, which is 
costly and produces harmful emissions.  Then after it is transported it’s burned 
in order to reduce volume, which releases carcinogenic fumes and unburnt 
particles in the air.  The second option, recycling, also requires shipping which 
carries with it all the aforementioned downfalls. In addition, recycling only 
stalls plastic waste moving into landfills, as it can’t be recycled indefinitely. 
Plastic pyrolysis doesn’t require shipping, removes our plastic waste, and 
produces a usable fuel. Through plastic pyrolysis all of this potential will be 
harnessed in addition to bringing us closer to becoming a campus with no 
waste.  

Figure 5 
Life-Cycle of plastic 
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