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Introduction

The largest use of polyethylene resin is in the 
production of plastic film mulch that is placed on 
top of the soil surface (mainly as raised beds) to 
increase soil temperature, maintain soil moisture 
and reduce/eliminate weeds in the bed by using 
different mulch colors and thickness. Today, 
million of pounds of plastic mulch are used 
extensively around the world including China and 
India that have to feed several billion people each 
day. In the last 10 years, film mulch thickness 
has decreased to the point that it will degrade 
more rapidly but micro and nano pieces of the 
degraded plastic mulch pollute both soil and 
water and reduce the sustainability of the soil 
over time.

While agricultural as well as consumer plastics 
offer many benefits to food production and 
consumer product marketing, the real on 
going problem for users of agricultural and 
consumer plastics is disposing of the plastic in 
environmentally safe and sustainable methods. 
Unfortunately, plastics are now a major pollution 
problem around the world in both soil and water.

Today, plastics are used in agriculture throughout 
the world for greenhouse coverings, mulches, 
row covers, cold frames, containers, irrigation 
components, etc in plant production.  Agricultural 
plastics are also used in animal production for 
hay wraps, silage bags and silage covers. No 
other material has contributed more to increasing 
the productivity of agriculture than plastic.  A 
variety of compositions of plastic films, types 
and structural designs help mitigate climate and 
weather while providing intensified expansion 
vertically and horizontally.  Plastic technology 

is especially appealing in China, Japan, the 
Netherlands, Israel, India and Egypt where 
population densities are high, land and water 
resources are constrained and climates are most 
favorable for its use. 

Globally, plastic waste accounts for about 12% 
of municipal solid waste (MSW) by mass.  In 
European countries, plastic waste accounts 
for 5.4% to 21%, while in China, it accounted 
for 11.3% to 17.2% of total MSW from 2002 to 
2011.  It is generally believed that poor solid 
waste management (either non-management or 
mismanagement) such as littering and dumping 
are the primary source of plastic waste into the 
environment.

Nurserymen, landscapers, truck farmers, 
mushroom growers, hothouse owners and even 
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Fig. 1. Used plastic mulch and drip tape placed 
in a pile on the farm away from public viewing.  
Photo courtesy of Dr. Bill Lamont.
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dairy farmers produce varying amounts of plastic 
waste.Vegetable and animal producers have 
attempted to burn the plastic, bury the used 
plastic in a sinkhole, sending it to a landfill or 
building a pile of used plastic in the back 40 
hidden from the public.

Burning and burying plastic film and extruded 
plastic products are illegal in most areas, and 
many landfills are filling up and closing down. 
What is the solution?

Recycle

There are four categories of plastic recycling: 
1st - is the creation of a similar quality product 
from the recycled source, 2nd - the creation of 
products from the reclaimed material with less 
demanding specifications such as composite 
lumber, 3rd - the use of a recycled product as a 
chemical raw material and 4th - the incineration  
of a waste plastic to reclaim heat (waste) energy. 
Because all the plastics used in the agriculture 
sector are contaminated with soil, plant matter, 
chemical residues and air pollutant contaminates, 
without extensive cleaning, much of the used 
agricultural plastics end up in the landfill. 

Roadblocks to recycling used agricultural 
plastics are not limited to contamination. 
Recyclers also prefer and/or require the 
recovered  material to be sorted by plastic type. 
This sorting process can be difficult since film 
plastic could be polyethylene or polypropylene, 
while rigid plastics can be polystyrene, 
polyethylene or polypropylene. However, 
classification of plastics by type cannot be done 
by sight alone.

Energy Reclamation2

Plastics, which include contaminated LDPE film, 
have a higher energy value and heat content 
than most municipal solid waste materials. 
While making up seven percent of the waste 
stream by weight and 20 percent by volume, 
plastics provide incinerators with 25 percent of 
the recoverable MSW (municipal solid wastes) 

energy. For example, a pound of polyethylene 
supplies 19,000 Btu, but corrugated paper 
packaging provides only 7,000 Btu (See Table 1 
to compare the energy value of plastics to other 
municipal solid wastes and natural resources.) 
Three of the most commonly used plastics 
in the agricultural industry--polyethylene, 
polypropylene, and polystyrene--have energy 
values per pound that are equal to fuel oil and 
even greater than Wyoming coal. Because 
of their high Btu content, plastics can be 
incinerated as a municipal solid waste or used as 
a supplement with other municipal solid wastes 
to increase the combustion temperatures.

In the late nineties at Penn State University, 
University Park, PA, a team of faculty members 
which included an Ag Engineer, Horticulturist and 
Combustion Engineer initiated a project designed 
to recover the energy value of agricultural 
plastics through combustion and use the 
recovered energy for either heating or production 
of electricity.  The process required 2 steps; 
one was the production of plastic nuggets from 
used agricultural plastics and two, combusting 
the nugget in a burner developed in Korea. The 
Korean burner required an ignitor source (fuel oil) 
and once the temperature of the burner reached 
2,000 *F, the plastic in the nugget would melt 
to form a liquid that released a gas that was 
combusted in the burner with no toxic gases 
formed and minimal ash residue. The energy 
released from the combusted polyethylene could 
than be used to heat water for residential and/
or greenhouse/high tunnel heating or produce 
electricity. To be energy efficient and sustainable, 
the burner would have to run 24/7 every day. 
The total amount of plastic fuel required to fuel 
the furnace was 150 lbs ( 68 kg) every 24 hours. 
The problem was that all the polyethylene and 
polypropylene that polluted both soil and water 
was difficult to collect since there were no 
mandates from state and/or federal officials.

By burning the solid wastes into ash, resource 
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recovery reduces the volume of waste entering 
the landfill by approximately 90 percent and 
recovers valuable energy that benefits all parts 
of society. In addition, resource recovery is 
inexpensive and can be financed in two ways. 
One way is for the plant to require a tipping 
fee--a charge to tip the dump bed of the waste 
hauler truck--which is approximately equal to the 
fee charged at a landfill. Second, revenue can 
be generated by selling the resulting energy to 
local electric companies. Besides these benefits, 
capturing the energy value of all of the waste 
generated in the U.S. could save as much as 
60,000 barrels of oil each day.

Chemical Recycling

Chemical recycling is the only one of the four 
types of recycling that conforms to the principles 
of sustainable  development because it leads 
to the formation of raw materials from which 
the plastics are originally made from with the 
recycled resin.

Pyrolysis is the most common form of chemical 
recycling. Pyrolysis is the thermal degradation 
of plastic in an inert atmosphere. Pyrolysis 
results in hydrocarbons which can be used in the 
petrochemical industry as a feedstock or burned 
directly as a fuel source. Energy recovered from 
pyrolysis may be the most sustainable way to 
dispose of a highly mixed plastic types such as 
agricultural plastics. The benefits of chemical 
recycling are clear; it is technically feasible 
to reconstitute recovered plastics from the 
agricultural sector to its original petrochemical 
constituents. This not only diverts agricultural 
plastics from the landfill but also generates 
useful resins for additional plastic products. 
Unfortunately, chemical recycling is not 
economically viable without significant subsidies 
because of the variable cost of petroleum.

Landfilling

Landfilling is the lowest cost option for the 
private and agricultural sector and in many cases, 
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	 Material 	 Energy Value BTU

	 Plastic

	   Polyethylene Terephthalate 	 9,000-9,700

	   Polyethylene 	 19,900

	   Polyvinyl Chloride 	 7,500-9,000

	   Polypropylene 	 18,500-19.500

	   Polystyrene 	  17,800

	 Municipal Solid Waste

	   Newspaper 	 8,000

	   Textiles 	 6,900

	   Wood 	 6,700

	   Yard Wastes 	 3,000

	   Food Wastes 	 2,600

	 Natural Resources

	   Fuel Oil 	 20,900

	   Wyoming Coal 	 9,600

Table 1. Energy Value of Plastics, Municipal Solid 
Wastes, and Natural Resources

Pyrolysis is the thermal 
degradation of plastic in an inert 
atmosphere. Pyrolysis results in 
hydrocarbons which can be used 
in the petrochemical industry as 
a feedstock or burned directly as 
a fuel source. Energy recovered 
from pyrolysis may be the most 
sustainable way to dispose of a 
highly mixed plastic types such 
as agricultural plastics.
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the only option of plastic disposal in many rural 
areas. Ironically, landfilling exceeds the cost of 
incineration by twenty percent.  In the United 
States, 80% of post consumer plastic and 90% 
of used agricultural plastic ends up in landfills. 
However, any polyethylene or polypropylene 
plastic will take decades to degrade. I have 
placed polyethylene films on raised beds in the 
90’s and yet today (2023) I can still find pieces 
of the plastic film (polyethylene) buried in the 
field. Also the leachate from landfills contains 
microplastic (MP) particles that create a serious 
pollution problem in urban areas and in bodies 
of water eventually ending up in the oceans.  
Obviously, landfills are not the solution for 
disposal of agricultural and consumer plastics 
and is certainly not sustainable.

Reuse

Some agricultural producers will actually reuse 
the plastic polyethylene film for more than one 
year if the film was initially 1.5 or 2.0 mil thick 
and has not been exposed to environmental 

conditions for more than 7 months in the field. 
This is also the case for drip tape greater than 8 
mils in thickness. 

Rigid plastics such as pots or trays can be reused 
for several years, however retail/wholesale 
nursery operations generally use a rigid plastic 
pot only once prior to the plant with pot being 
sold.  The other problem is that rigid plastic pots 
come in a multitude of sizes, shapes and colors 
and many nurseries have their “branded” pots 
based on size, color and shape. Reuse of the rigid 
plastic pot is ultimately decided by the end user.

Can Agricultural Plastics Be Sustainable

Sustainability definition is the ability to maintain 
an ecological balance in our planet’s natural 
environment and conserve natural resources 
to support the wellbeing of current and future 
generations. So, how can we help achieve 
sustainability with agricultural plastics based 
on the United Nations goals for sustainable 
development that act as the path to achieving 
a more sustainable future. These goals address 
global challenges like: life below water by 
avoiding the use of plastic bags to keep the 
oceans clean,  life on land by planting trees to 
help protect the environment and reduce carbon 
dioxide and to promote and encourage waste to 
energy solutions especially for agricultural and 
consumer plastics. It has also been suggested 
by definition that sustainable farming should 
provide high-quality food to a growing human 
population and ensure food security and stability. 
It also helps farm owners to protect their 
health, while also trying to make the foremost 
use of supplies and preserving them for future 
generations and protecting the environment and 
saving the planet from agriculture’s negative 
effects.

Conclusion

Unless their is global agreement by governments 
and manufacturers on sustainable methods to 
dispose of agricultural plastics, global pollution 
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Fig. 2. Prototype furnace from Korea that burns 
plastic nuggets at 2,000 degrees F and reclaim 
energy for heating or electricity.  Photo courtesy 
of Dr. Bill Lamont.



122  |  2025 Mid Atlantic Fruit & Vegetable Convention

Remembering Bill Lamont 

with plastics will only get significantly and visibly 
worse in the future. The projection for the use 
of plastics for both plant and animal production 
will only increase in future years to hopefully 
keep pace with an ever expanding population. 
In 2023, there were 12.5 million tons of plastics 
used in agriculture that led to an accumulation 
of large quantities of macro, micro and nano 
found in soils and bodies of water. Plastics can 
be used more sustainably in agriculture. The 
three largest countries that use large volumes 
of agricultural plastics are China, India and 
the United States. In 2021, world production 
of plastics was 391 million metric tons. Other 
countries or regions that use significant amount 
of agricultural plastics are Japan, Korea and 
western Europe. All these countries need to 
meet in the future to formulate a method(s) 
that dispose of agricultural plastics sustainably 
for future generations. Based on the previous 
research conducted at the Pennsylvania State 
University, the obvious solution in my mind is the 
waste to energy technology that demonstrated 
that polyethylene and polypropylene plastic film 
products could be burned in a specially designed 
burner at 2,000°F with very little ash deposits.  
Stack tests were also conducted to measure 
emissions from the combusted plastic film and it 
turns out that plastic film products burn cleaner 

with minimum harmful emissions to humans and 
the environment compared to coal. 
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