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CHAPTER 12

The Socio-Economic Impacts of Bioplastic Plant 
Containers

Barrett Kirwan and Atul Nepal
Agricultural and Consumer Economics, University of Illinois at Urbana-Champaign

Abstract
Bioplastic plant containers are a sustainable alternative to traditional petroleum-based 
plastic containers. They provide horticulture producers with increased profit oppor-
tunities by increasing revenue and decreasing expenses. Bioplastic containers also 
decrease some of the negative environmental effects associated with traditional con-
tainer cropping systems. In this chapter we detail the costs and benefits of bioplastic 
containers that accrue to horticultural producers. We lay out the social benefits of 
this sustainable alternative, and we examine the social costs. Being primarily derived 
from corn and soybeans, the demand created by complete conversion to bioplastics 
will increase corn prices by less than 1% and soybean prices by 0.9-2.3%. 

Introduction
Horticultural specialty crop production is an $11 billion industry in the U.S., and 
petroleum-based plastic plant containers account for 5% of total expenditure and 
15% of non-labor expenditure of specialty crop producers (National Agricultural 
Statistics Service, 2009). The industry uses over 4 billion plastic containers each year, 
98% of which end up in landfills. This translates to 1.6 billion pounds of discarded 
petroleum-based plastics (Schrader, 2013; Mathers et al., 2014; Yang et al., 2015). 
Efforts to recycle petroleum-based horticultural plastics have had mixed results. A 
few localized efforts have shown success, but most areas of the country either have 
not established sufficient recycling programs or the infrastructure is not capable of 
handling the massive quantities and seasonal overloads of discarded horticultural 
plastics (Yang et al., 2015; Kratsch et al., 2015). Degradation initiated by ultraviolet 
light, pesticide residue, and embedded soil/growing media, which may contain patho-
gens, are some of the reasons against the reuse of these products (Hall et al., 2009; 
Yue et al., 2010). The discarded containers are a source of environmental pollution. 
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Container disposal contributes to carbon emissions because they require transpor-
tation to landfills.

Bioplastic container cropping systems are an alternative to the existing plastic 
containers used in the horticulture industry. The bioplastic containers featured in 
this book are made entirely from plant-based materials and many are biodegradable. 
At the present time, the primary plant feedstocks for these bioplastic containers are 
corn and soybeans. The containers are designed to provide similar functionality and 
strength as petroleum-based plastic containers to ease adoption by producers. Unlike 
petroleum-based plastic containers, which are discarded and need to be disposed 
in landfills, these bioplastic containers are biodegradable in soil, home compost, or 
commercial compost. Regarding environmental sustainability, the ability of these 
containers to decompose in the ground or in compost within a few months provides 
a distinct advantage when compared to petroleum-based plastic containers. Burying 
the containers in soil to decompose also eliminates transportation and recycling costs. 
In addition, biocontainers that are manufactured using proteins release nutrients 
during plant production and in the garden or landscape during degradation. This 
nutrient release also benefits horticultural producers by reducing the cost of fertilizers.

In this chapter, we will examine whether bioplastic containers provide net benefits 
to individual producers and society compared to petroleum-based plastic containers. 
For bioplastic containers to be viable substitutes for petroleum-based plastic contain-
ers, they must have environmental benefits, be economically competitive, and should 
be producible in sufficient quantities to meet the demand for plastic containers. In 
addition to the above requirements, the fact that the raw materials are also used for 
food, feed, and energy warrants the investigation of the effect of additional demand 
on prices and land used to produce commodities such as corn and soybean. Hence, 
we investigate the impact of additional demand for corn and soybean for bio-con-
tainer production on commodity prices and land use. Finally, we discuss the topics 
of sustainability and adaptability of these bioplastic container cropping technologies.

Bioplastic plant containers have many advantages over traditional petroleum-based 
plastic containers. Some of these advantages accrue to horticultural producers. The 
fertilizer effect of containers with soy-protein content, for instance, decreases the 
costs associated with fertilizing plants grown in containers. Other advantages, such 
as the product’s sustainability, benefit society more generally. Likewise, the costs asso-
ciated with bioplastic containers affect both horticulture producers specifically and 
society more generally. In this chapter, we will take a closer look at the private costs 
and benefits that accrue to horticulture producers and the public costs and benefits 
that accrue to society. 



Barrett Kirwan and Atul Nepal 233

A Private Good with External Social Costs
Plastic containers are a feature of container cropping systems typically employed 
by greenhouses and nurseries. Other features of the system include irrigation, fer-
tilization, and labor. This system produces plants that are purchased by consumers 
for their garden or landscape. The system also produces nutrient runoff that enters 
waterways and causes eutrophication, and it produces a copious amount of discarded 
plastic containers that end up in garbage heaps or landfills. The costs of producing 
plants are paid by the consumer. The negative effects of nutrient runoff and plastic 
waste, however, are not included in the price of the plant. These costs are external 
costs borne by society. 

Bioplastic plant containers are a sustainable substitute for traditional petro-
leum-based containers. When biocontainers substitute plastic containers in the 
plant-production process, they help address the external social costs associated with 
horticultural production. 

Private Costs and Benefits

The Cost of Producing Bioplastic Containers
Production costs are higher for bioplastic containers than they are for petroleum-based 
plastic containers. The cost of materials for 4.5-inch petroleum-based plastic contain-
ers are, on average, $0.04 to $0.065 each to produce (Schrader, 2015). In contrast, 
cost of materials for bioplastic containers are $0.092 to $0.232 each to produce1. The 
raw material costs for the bio-containers are shown in Table 12.1. We estimate raw 
material costs ranging from $0.098 to $0.140 for PLA-based containers, depend-
ing on the level of filler. The range of raw material costs for PHA-DDGS is wider, 
$0.092 to $0.232, reflecting both the potential availability of DDGS and the rela-
tive scarcity of PHA. Because PLA and other components of biocontainers are easily 
processed with current injection-molding machines, they would not warrant changes 
of current production practices. The price difference between the bioplastic and tra-
ditional plastic containers is due to the cost of raw materials. Hence, horticulture 
producers may be hesitant to adopt biocontainers because they may increase their 
input cost during the production process. As we will demonstrate in the following, 
however, the increased material costs are more than offset by cost savings elsewhere 
in the production process and by higher revenue.

1 We base our estimate for the cost of materials for a 2.3-oz average-size container on whole-
sale prices and the proportions of raw materials provided in Yang et al. (2015). 
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Disposal Cost Savings
Horticulture specialty crop producers and consumers discard approximately 98% of 
the 4 billion petroleum-based plastic containers used annually in the United States 
(Yang et al., 2015). In other words, landfills receive 750,000 metric tons of petro-
leum-based plastic containers each year (Schrader, 2013; Schrader et al., 2013). Table 
12.2 reports the maximum, minimum, and average costs associated with plastic con-
tainer collection, transportation, and disposal. Although collection and transportation 
costs vary across states and cities, on average specialty crop producers and consumers 

Table 12.1. Cost of raw materials for the production of a 2.3-oz. biocontainer made on 
our 4.5-inch diameter prototype mold.

Cost of Raw Materials Min Cost ($) Max Cost ($)

PLA-BioRes™ (80/20) 0.107 0.131

PLA-Soy (SP.A)-BioRes™ (50/30/20) 0.098 0.138

PLA-Soy (SP.A)-BioRes™ (55/35/10) 0.102 0.139

PLA-Soy (SP.A) (60/40) 0.105 0.140

PLA-Lignin (90/10) 0.113 0.131

PHA-DDGS (80/20) 0.092 0.232

Source: The raw material costs are based on wholesale prices available on the websites listed with the product.

Price of PLA: http://www.alibaba.com/product-detail/Biodegradabl-PLA-polylactic-acid-raw-
material_60264300013.html?spm=a2700.7724857.29.164.DvkHiD

Soy Flour: http://www.alibaba.com/showroom/soy-flour-price.html

Soy Protein Isolate: http://www.alibaba.com/product-detail/price-soy-protein-isolates_1891832798.
html?spm=a2700.7724857.29.55.FUPsoA

PHA: http://greenchemicalsblog.com/2012/11/11/pha-bioplastic-update/

DDGS: http://www.grains.org/sites/default/files/ddgs-weekly-reports/pdfs/USGC - DDGS Weekly Market 
Report October 15.2015.pdf

Phthalic Anhydride: http://www.alibaba.com/product-detail/Price-of-plastic-plasticizer-Phthalic-
anhydride_60286382778.html?spm=a2700.7724857.29.119.VgiKra

Adipic Anhydride: http://www.alibaba.com/product-detail/Hot-sale-adipic-acid-maleic-
anhydride_60400721068.html?spm=a2700.7724838.0.0.JPztro

Sodium Sulfite: http://www.alibaba.com/showroom/sodium-sulfite-price.html

Potassium Sorbate: http://www.alibaba.com/trade/search?fsb=y&IndexArea=product_
en&CatId=&SearchText=Potassiujm+Sorbate++price 

Lignin: http://www.alibaba.com/trade/search?fsb=y&IndexArea=product_en&CatId=&SearchText=lignin+price+

BioRes™: Is a modified DDGS so we assume it be priced at $(1-2) per kg

Water: https://www.fcwa.org/story_of_water/html/costs.htm
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spend $33.8 million annually on collection and transportation of used containers 
(Black, 1995; Discovery News, 2010; Hauslohner and Olivo, 2015; Morelli, 2016). In 
addition, at an average tipping fee of $74/ton in the United States, horticulture produc-
ers and consumers spend $55.1 million annually on tipping fees (Clear Energy Projects 
Inc., 2016). Many types of biocontainers developed during our project biodegrade 
when buried in the ground, and others can degrade in home or municipal compost. 
Consequently, horticulture producers and consumers save, on average, $88.8 million 
– or $0.022 per container – each year in collection, transportation, and tipping fees.

Fertilizer Cost Savings
In addition to being environmentally friendly and biodegradable, the soy-based bio-
containers have the advantage of providing nutrients and root improvements to plants. 
According to Schrader et al. (2013), plants grown in biocontainers made from soy 
blends showed an increase in N concentration in trials at greenhouse and field trans-
plantation of five different varieties of plants. The amount of fertilizer needed depends 
on plant type and how the fertilizer is applied; e.g., fertilizer can be mixed with water 
or applied in dry form. Yang et al. (2015) and Schrader et al. (2013) demonstrated 
50% to 80% lower fertilizer requirements for plants in fertilizer-providing containers.

The cost savings attributed to reduced fertilizer input can be quantified. To quantify 
the cost of fertilizer, we use the estimates from trials performed by Cornell University 
(Mattson, 2010). In these trials, applications of 100 ppm of N were given to a vari-
ety of plants in 4-inch containers containing commercial potting mix. The cost of 
fertilizer ranged from $0.009 to $0.091 with an average of $0.05 per plant (Table 
12.3). Using these numbers, the cost of fertilizer in all 4 billion containers that are 
currently used by the horticulture industry is $200 million dollars. Assuming that 
50% to 80% less fertilizer is applied, as suggested in Yang et al. (2015) and Schrader 
et al. (2013), replacing plastic containers with nutrient-providing biocontainers would 
save $100 million to $160 million in fertilizing costs annually, which is a per-con-
tainer savings of $0.025 to $0.04.

Table 12.2. Costs associated with disposal of petroleum-based plastic containers.

Min Max Avg. Min Savings Max Savings Avg. Savings

Tipping fee at landfill ($)z 5 142 74 3,750,000 106,500,000 55,125,000

Collection and 
transportation costs ($)y

20 70 45 15,000,000 52,500,000 33,750,000

z Clear Energy Projects Inc., 2016
y Discovery News, 2010
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 Revenue from Bioplastic Containers 
Bioplastic containers may generate more revenue than traditional plastic containers. 
Substantial evidence indicates that consumers value environmental sustainability and 
will pay more for sustainable products (Peattie, 2001; Roheim et al. 2011; Fuerst and 
McAllister 2011; Eichholtz et al., 2013). As elaborated in the next section, bioplas-
tic containers are environmentally sustainable. Therefore, consumers may be willing 
to pay a premium for them.

To estimate the price premium consumers are willing to pay for sustainable, bio-
degradable containers, Ellison et al. (2016) conducted stated-preference surveys and 
price-revelation experiments. The stated-preference survey revealed that respondents 
showed a median willingness to pay a $0.25 to $0.65 premium for a biocontainer. 
However, previous studies that have used hypothetical valuations techniques, such 
as stated-preference surveys, have shown that participants may not state their true 
willingness to pay (Lusk and Shogren, 2007). Individuals tend to overstate their will-
ingness to pay for public goods and understate their willingness to pay for private 
goods (Loomis, 2014). Because bioplastic containers are a private good with social ben-
efits, the direction of hypothetical bias is uncertain. To address the hypothetical bias 
that may be present in hypothetical valuation techniques, the researchers performed 
price-revelation experiments. Unlike stated-preference surveys, the price-revelation 
experiments create a real-purchase situation. The price-revelation experiment is set 
up such that participants pay their own money to obtain the product. Participants 
face similar considerations as they would in the actual market, i.e., face trade-offs 
to buy the item in question or something else they would desire otherwise. The 
real-purchase situation gives individuals an incentive to bid their actual willingness 
to pay for the product because if the bid is lower than the actual willingness to pay, 
the individual may lose the chance to get the product. Similarly, if the bid is higher 
than their actual willingness to pay, the individual may end up buying the product 
at the higher price. The price-revelation experiments showed that consumers will pay 
an average price premium of $0.67 to $1.14 and a median price premium of $0.50 

Table 12.3. Fertilizer cost savings when using soy-based bioplastic containers.

Fertilizer cost per plant ($) Cost for 4 billion containers ($)

Min 0.009 36,000,000

Max 0.091 364,000,000

Average 0.05 200,000,000

Source: Mattson (2010)
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to $1.00 for biocontainers. The fact that consumers are willing to pay a price pre-
mium for biocontainers suggests that increases in input costs will be compensated 
by the consumers’ willingness to pay to adopt sustainable and biodegradable prod-
ucts (Aguilar and Volsky, 2007; De Pelsmacker et al. 2005; Saphores et al. 2007).

Private costs and benefits of bioplastic containers primarily accrue to horticulture 
producers. The cost of raw materials for 4.5-inch bioplastic containers is approxi-
mately $0.13, twice the cost of traditional containers. These costs, however, are offset 
by cost-savings elsewhere in the production process. Because of the containers’ bio-
degradability, horticulture producers will save a portion of the $88 million annually 
in container disposal costs. Bioplastic containers that provide a fertilizer effect will 
further reduce costs by $100 to $160 million. These cost savings translate to approx-
imately $0.05 to $0.06 per container. Additional research indicates that bioplastic 
containers will also increase revenue due to consumers’ willingness to pay a $0.50 
to $1.00 price premium per container-grown plant. Ultimately, the private benefits 
outweigh the private costs associated with the bioplastic containers.

Social Costs and Benefits

Environmental Benefits of Bioplastic Containers
Adoption of biocontainers will ameliorate several environmental costs associated with 
specialty crop production. By their very nature these benefits are difficult to quan-
tify. Nevertheless, we examine the nature of these social benefits.

Non-point Source Pollution. Agriculture is the major source of non-point source 
(NPS) water pollution in the U.S. The proximity of specialty-crop producers to urban 
and peri-urban areas enhances the consequences of nutrient loss to surface and ground 
water (Latimer et al., 1996). In addition to cost savings from reduced fertilizer appli-
cations, bioplastic containers can also mitigate the amount of fertilizer runoff from 
greenhouses and container nurseries, which is a major environmental cost associated 
with horticulture production (Majsztrik et al., 2011; Melo et al., 2012). The nursery 
and greenhouse industries use overhead sprinklers and micro-irrigation systems to 
provide water, pesticides, and nutrients to the plants that are grown in containers. 
Even though many nurseries in the U.S. perform recycling of irrigation water col-
lected from the runoff, we cannot completely rule out leakage of nutrients (Bilderback, 
2002; Yaeger et al., 2007; Majsztrik et al., 2011; Agro and Zheng, 2014), leading to 
algal blooms and eutrophication of water bodies and harm to the natural ecosystems 
(Wilson and Broembsen, 2010; Sharma et al., 2008). The cost of micro-irrigation 
systems and water recycling are high (Majsztrik et al., 2011), and this can cause vari-
ation among producers in implementing the best management practices to reduce 
environmental pollution (Yaeger et al., 2007). 
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Fertilizer-providing biocontainers can reduce NPS water pollution. The biocon-
tainers also promote healthy root development, which increases nutrient uptake and 
reduces nutrient runoff. Although the fertilizer quantity used depends on plant type, 
the biocontainers’ ability to provide nutrients to the plants can greatly reduce the 
amount of fertilizer that is needed for the plants during production. In addition to 
reducing private costs (see section on Fertilizer Cost Savings), biocontainers with a 
fertilizer effect reduce social costs by reducing NPS water pollution.

Greenhouse Gases. Greenhouse gases are another environmental cost associated with 
traditional specialty crop production and consumption that will be reduced by the 
adoption of bioplastic containers. Along with the substantial reduction in greenhouse 
gases during the manufacture of bioplastic containers compared to petroleum-based 
plastic containers (see Chapter 13), bioplastic containers can reduce the greenhouse 
gases that result from use of inorganic fertilizers. The nursery and greenhouse indus-
tries apply fertilizer via overhead sprinkler systems and irrigation systems to ensure 
healthy plant growth. End-users apply fertilizer in a wide variety of ways and amounts, 
many of which result in substantial nutrient loss into urban and suburban waterways 
(Law et al., 2004; Kaushal et al., 2011). In addition to water pollution, fertilizer use 
by producers and consumers can cause nitrous oxide to be released into the atmo-
sphere as a result of the action of soil microbes (Shcherbak et al., 2014). Nitrous oxide 
is a greenhouse gas with 300 times as much heat-trapping power as carbon dioxide 
(Shcherbak et al., 2014). Using bioplastic containers with a fertilizer effect in produc-
tion, and subsequently depositing the container below the root base when installing 
the plant in the landscape, reduces the use of inorganic fertilizers by consumers and 
producers to achieve healthy plant growth (Yang et al. 2015; Schrader et al., 2013). 
Lessening the application of inorganic fertilizers by producers and the over-application 
by consumers reduces the emissions of nitrous oxide. In addition, fertilizer-providing 
biocontainers reduce the CO2 associated with inorganic fertilizer production, trans-
portation, and application. In addition, the biodegradability of these containers in 
soil also saves CO2 emission associated with container transportation to landfills.

Potential Extension to Other Applications of Plastic Materials
The biodegradability of the biocontainers developed and tested in this research has 
other potential applications. Most plastic materials have a similar fate as the plas-
tic containers used by the horticulture industry, i.e., they are discarded after a single 
use. According to a report published by the World Economic Forum, plastic pack-
aging materials worth $80 billion to $120 billion are lost from the economy after the 
first use (World Economic Forum, 2016). Plastic packaging generates negative exter-
nalities valued at $40 billion by United Nations Environmental Program (UNEP), 
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and it is expected to increase. The negative externalities include plastic waste leaking 
into oceans and the greenhouse gas impact of plastic production and after-use treat-
ment. One of the possible solutions highlighted in the report by the World Economic 
Forum (2016) is the adoption and scale-up of industrially compostable plastics. The 
bioplastic containers studied in this research can potentially have a global impact on 
the future use of plastics for packaging and other single-use plastics applications by 
offsetting the negative externalities.

Effect on Commodity Prices
The introduction of a new product will affect the existing competitive products and 
the supply chain of raw materials needed to manufacture the new product. For the 
production of biocontainers, the major ingredients are polylactic acid (PLA), poly-
hydroxyalkanoate (PHA), soy flour, and soy protein. Corn is a major feedstock for 
the production of PLA and PHA, while soy flour and soy protein are derived from 
soybeans. Therefore, to completely replace petroleum-based plastic containers, the 
demand for corn and soybeans – the raw materials needed for production – will 
increase. In this section we examine the impact of biocontainer production on the 
prices of corn and soybeans, two important food, feed, and energy crops.

Impact of Biocontainer Adoption on Corn and Soybean Demand
Concerns about using corn and soybeans for non-food/feed uses were piqued in 
2005-2008 when the price of corn quadrupled from $2/bushel to $8/bushel. Experts 
have attributed this price increase to several factors, including the dramatic growth 
of the corn-based ethanol industry, which grew from 5 billion gallons per year (bgy) 
to nearly 15 bgy and caused 1/3 of the price increase (Roberts and Schlenker, 2013). 
The Food and Agriculture Organization of the United Nations estimated an increase 
of 75 million people into extreme hunger caused by higher food prices around the 
world (Vellakkal, et al., 2015). If the production of biocontainers affects the price of 
soy and corn, it could have similar negative effects that need to be taken into account 
when considering the social costs and benefits. 

To assess the maximum possible impact of biocontainer production, we first esti-
mate the quantity of corn and soybean required to replace the current demand for 
petroleum-based plastic containers (currently 4 billion plastic containers equivalent 
to 750,000 metric tons of material), assuming current PLA and PHA production 
practices are scaled to meet the demand. To compute the quantity of corn and soy-
beans needed to produce each type of biocontainer, we use the material formulations 
reported in Yang et al. (2015) and conversion ratios from the Economic Research 
Service (1992), U.S. Soybean Export Council (2015), and National Corn Growers 
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Association (2013). Table 12.4 shows the world and U.S. production of corn and soy-
beans (United States Department of Agriculture, 2016). Table 12.5 shows the amount 
of corn and soybean (in bushels) needed to replace all conventional-plastic contain-
ers with each biocontainer type. These tables show that the total amount of corn and 
soybeans required to produce all horticulture containers in the United States from 
bio-based materials is close to 2% of the U.S. production of soybeans and less than 
0.6% of U.S. corn production. On a global scale it would require less than 1% of the 
world production of corn and soybeans.

Impact of Biocontainer Adoption on Corn and Soybean Prices
Next, we determine the impact this additional demand would have on the prices of corn 
and soybeans. Table 12.4 shows that the U.S. contributes about 37% of global corn 
production and about 35% of global soybean production. Hence, changes in demand 
in the U.S. will impact world prices. Roberts and Schlenker (2013) report the global 
price elasticity of supply and demand for food and feed crops. The first row of Table 
12.6 reports Roberts and Schlenker’s (2013) multipliers, which gives the price increase 
for a 1% outward shift in demand for the commodity. We employ these multipliers to 
determine the maximum effect that biocontainers could have on the world prices of 
corn and soybeans. Following Roberts and Schlenker (2013), we use multiplier esti-
mates with and without imposing the symmetry of cross-price elasticity among four 
commodities: corn, soybean, rice, and wheat. The symmetry restriction imposes the 
assumption that all four commodities are perfect substitutes. Although corn and soy-
beans are not perfect substitutes in the production of bioplastic containers, they might 
be close substitutes in the broader food and feed markets, thus we include the restriction 
as part of our analysis. The unrestricted model does not impose symmetry between the 
cross-price elasticities among corn, soybean, rice, and wheat. Using the minimum and 
maximum amount of corn and soybean required to replace all petroleum-based contain-
ers with biocontainers, we estimated lower bounds and upper bounds of the price effect 
on corn and soybean. The second and third rows of Table 12.6 show an increase in the 
price of corn of less than 1% and an increase in the price of soybean of 1.2% to 2.3%. 

Table 12.4. World and US production of corn and soybean based on USDA Foreign Agri-
cultural Services for 2014-2015.

World U.S.

Corn Production (bushels) 38,060,000,000 14,185,678,571

Soy Production (bushels) 11,581,533,333 3,918,933,333

Source: United States Department of Agriculture (2016)
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Bioplastic container production could have a small impact on commodity prices. 
The maximum possible impact would occur if all petroleum-based plastic horticul-
ture containers were replaced with bioplastics. Under this scenario, corn prices could 
increase by 0.30% to 0.87%, and soybean prices could increase by 0.94% to 2.28%. 
Using recent prices from the Chicago Board of Trade, i.e., $3.78/bu for corn and 
$9.56/bu for soybean, these percentages translate to a $0.01 to $0.03/bu increase in 
corn prices and a $0.09 to $0.22/bu increase in soybean prices (Thiesse, 2016). As 
a point of comparison, the global temperature increase since 1980 has caused a rise 
in corn and soybean prices by 6.4% to 18.9% (Lobell et al., 2011). Thus, the max-
imum impact of bioplastic container adoption would be minor compared to the 
impacts of climate change.

The Environmental Effects of Corn and Soybean Production
The increase in demand for corn and soybeans caused by bioplastic-container pro-
duction could result in intensified crop production, diversion from other crops, and/
or an increase in the cultivation of marginal lands to grow corn and soybean, which 
will have environmental consequences. For example, according to Searchinger et al. 
(2008), the production of 56 billion liters of ethanol diverted 12.8 million hectares of 
U.S. cropland from other crops and brought 10.8 million hectares of additional land 
into cultivation in Brazil, China, India, and the United States (Searchinger, et al., 
2008). Based on the quantities reported in Table 12.5, at an average of 171.7 bushels 

Table 12.5. Corn and soybean demand to produce 4 billion horticulture containers of bio-
plastics and biocomposites.

Corn 
(Bushels)

Corn % 
World

Corn % 
US

Soy 
(Bushels)

Soy % 
World

Soy % 
US

PLA-BioRes™ (80/20) 78,226,817 0.206% 0.551%

PLA-Soy (SP.A)-BioRes™ 
(50/30/20)

56,128,603 0.147% 0.396% 63,706,780 0.550% 1.626%

PLA-Soy (SP.A)-BioRes™ 
(55/35/10)

50,162,516 0.132% 0.354% 74,324,576 0.642% 1.897%

PLA-Soy (SP.A) (60/40) 44,196,429 0.116% 0.312% 84,942,373 0.733% 2.167%

PLA-Lignin (90/10) 66,294,643 0.174% 0.467%

PHA-DDGS (80/20) 78,226,817 0.206% 0.551%

Source: Yang et al. (2015); National Corn Growers Association (2013); Economic Research Service (1992); US 
Soybean Export Council (2015).
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of corn per acre (Thiesse, 2014), an additional 214,500 to 455,602 acres of corn will 
be needed to produce bioplastic for replacement of all petroleum-based plastic con-
tainers. Similarly, at 43.4 bushels of soybeans per acre (Thiesse, 2014), 380,000 to 1.9 
million acres of soybeans will be needed to produce enough soybeans for the bioplas-
tic containers. Because corn is a nitrogen-intensive crop, higher soil nitrogen loss will 
accompany increased production. Hendricks et al. (2014) estimate that a 1% increase 
in corn price will increase nitrogen loss by 0.076%. When combined with the esti-
mated price effect of bioplastic container production, nitrogen loss caused by corn 
production will increase by 0.023% to 0.066%. Soybean production, on the other 
hand, causes nitrogen fixation, which reduces nitrogen loss. Hendricks et al. (2014) 
estimate a -0.053 nitrogen-loss elasticity with respect to soybean prices. Bioplastic 
containers’ influence on soybean production will, therefore, reduce nitrogen loss by 
0.05% to 0.12%. Over all, therefore, bioplastic container production will slightly 
reduce nitrogen loss from feedstock production.

Conclusions
This chapter describes the private and social costs and benefits associated with bio-
plastic containers. Private benefits accrue primarily to horticulture producers, while 
private costs are borne by container manufacturers and horticulture producers. The 
raw material costs of bioplastic containers are $0.05 to $0.17 per container higher 
than the cost of traditional plastic containers. These costs are offset by cost-savings 
from using bioplastic containers in the growing process. Horticulture producers will 
save $0.05 to $0.06 per container in fertilizer and disposal costs. Evidence indicates 
consumers will pay $0.50 to $1.00 more per plant in a bioplastic container. Overall, 
the private benefits far outweigh the private costs of bioplastic container adoption.

Table 12.6. Price effect of additional demand for corn and soybean to produce biocon-
tainers.

Unrestricted model Symmetry Imposed

Multiplier 
corn

Multiplier 
soybean

Multiplier 
corn

Multiplier 
soybean

4.21 3.11 2.54 1.7

Lower Bound Price Effect 0.489% 1.711% 0.295% 0.935%

Upper Bound Price Effect 0.865% 2.281% 0.522% 1.247%

Source: Roberts and Schlenker (2013)
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Bioplastic containers also generate social costs and benefits. The social benefits 
accrue for all of the biocontainers evaluated, and especially for the fertilizer-providing 
biocontainers, which decrease the use of inorganic fertilizers. Less fertilizer appli-
cation translates to less nutrient pollution in surface and ground water. Along with 
cradle-to-gate reductions in greenhouse gas emissions, biodegradable biocontainers 
reduce greenhouse gases by reducing transportation for disposal, and fertilizing con-
tainers reduce greenhouse gases related to inorganic fertilizer use. Further benefits 
will be realized as the technology used in bioplastic containers spreads to other con-
texts where petroleum-based plastics are used.

The social costs associated with bioplastic containers are primarily caused by 
increased price of feedstocks for the raw materials used to produce bioplastic con-
tainers. We estimate a relatively small price increase of 0.30% to 0.87% for corn and 
0.94% to 2.28% for soybeans, the primary feedstocks for bioplastic horticulture con-
tainers. In contrast, ethanol production increased prices for these commodities by 
30% (Roberts and Schlenker 2013). Increased feedstock production will also decrease 
non-point source pollution because one of the primary feedstocks is soybean, which 
requires only low amounts of fertilizer.

Although the environmental effects are difficult to quantify, overall the environ-
mental benefits are unequivocally greater than the costs. Slight increases in the price 
of corn and soybeans, however, should be kept in mind as a social cost of adopting 
bioplastic containers.

Summary
• Bioplastic plant containers benefit horticultural specialty crop producers by 

reducing expenditures for fertilizer inputs and container disposal.
• Bioplastic plant containers are more expensive to produce than traditional 

petroleum-based plastic containers, but end-consumers will pay a premium that 
more than compensates growers for the extra expenses.

• Bioplastic plant containers that have a fertilizer effect provide social benefits by 
reducing non-point source water pollution.

• Bioplastic plant containers’ ability to biodegrade reduces externalities associated 
with inappropriate container disposal.

• Currently bioplastic plant containers are primarily made from corn and soybean 
feedstocks. If all petroleum-based plastic containers in use today were replaced by 
bioplastic containers, increased demand for corn and soybeans would cause corn 
prices to increase by less than 1% and soybean prices to increase by 0.9% to 2.3%.
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