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Objectives
Global production of plastics has grown 20 fold from 15 million metric tons (Mt) in 1964 to 311 Mt  
in 20141, with plastics becoming ubiquitous across almost all facets of the economy. With its  
ever-expanding applications, plastics have delivered many benefits for society. Plastic packaged food 
lasts longer, reducing wastage. Use of plastic in pipes facilitates clean drinking water supplies, while 
plastic enables life-saving medical devices such as surgical equipment and drips. Due to its light 
weight, plastic use in vehicles has reduced carbon dioxide emissions from transport.2 

However, as the use of plastic in modern society has increased, so too have the environmental impacts associated with its 
production and disposal. Trucost research for UNEP in 2014 highlighted the environmental costs of plastic use in  
consumer products, including emissions of greenhouse gasses, air, land and water pollutants, depletion of water and  
the production of marine debris in the global oceans.3 These environmental costs have prompted some to argue that  
plastics should be replaced with alternative materials, which may present fewer environmental challenges. However, 
recent studies by Franklin Associates4 and Denkstatt,5 which modeled the substitution of plastic with alternative materials 
(such as paper, steel, aluminum and glass), suggest that a move away from plastics may come at an even higher net  
environmental cost.

This study seeks to build upon this research using Trucost’s natural capital valuation framework to value the  
environmental costs of plastic and its alternatives, and consider how more sustainable practices could help reduce the 
environmental costs of plastic use in the consumer products sector. 

• Quantify the environmental cost of plastic used in the consumer goods sector and compare this with a hypothetical 
scenario in which most plastic used in consumer products and packaging is replaced with a mix of alternative  
materials that serve the same purpose.

• Map the environmental costs of plastic and alternative material use across the value chain, geographic regions and 
consumer goods sub-sectors, to help target interventions to improve sustainability at key points where the greatest 
benefits can be achieved.

• Identify those sectors exposed to the greatest environmental risks if plastic were replaced with alternatives.

• Quantify the potential environmental benefits of strategies to further improve the sustainability of plastic use, such as 
more efficient packaging design, improved waste collection and material and energy recovery systems, and increasing 
low-carbon energy use in the plastics manufacturing sector.

• Provide recommendations for the plastic manufacturing sector on ways to reduce the environmental costs of plastics.

1  Plastics Europe. 2015. Plastics – The Facts 2014/2015. [Online]. Available: http://www.plasticseurope.org/documents/document/20150227150049-final_plastics_the_
facts_2014_2015_260215.pdf

2  Andrady, A., Neal, M. 2009. Applications and societal benefits of plastics Philosophical Transactions Royal Society of London 364(1526)

3  UNEP. 2014. Valuing Plastics: The Business Case for Measuring, Managing and Disclosing Plastic Use in the Consumer Goods Industry. [Online]. http://www.unep.org/gpa/
Documents/Publications/ValuingPlasticExecutiveSummaryEn.pdf

4  Franklin Associates. 2013. Impact of Plastics Packaging on Life Cycle Energy Consumption and Greenhouse Gas Emissions in the United States and Canada. [Online].  
Available: https://plastics.americanchemistry.com/Education-Resources/Publications/Impact-of-Plastics-Packaging.pdf

5  Denkstatt. 2011. The impact of plastics on life cycle energy consumption and greenhouse gas emissions in Europe. [Online]. Available: http://denkstatt-group.com/files/
the_impact_of_plastic_packaging_on_life_cycle_energy_consumption_and_greenhouse_gas_emissions_in_europe.pdf
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Methodology
The production, use and final disposal of most materials, including plastic and alternative materials, 
has a range of environmental and social costs that in most cases are not reflected in the market prices 
of goods and services. 

In order to enhance the sustainability of material use in the consumer goods sector it is essential that both the costs and 
benefits of different material options are considered. Applying environmental or ‘natural capital’ valuation techniques 
enables the measurement and communication of these environmental impacts in monetary terms. These costs can also 
be factored into business and investment decision making, policy setting and in considering tradeoffs between the implied 
costs and benefits of economic activity. 

In order to quantify the environmental costs associated with the use of plastic and alternative materials, a  
modeling methodology was designed which follows seven steps: 1) sector selection, 2) plastic use quantification,  
3) substitution modeling, 4) scope and boundary selection, 5) impact quantification, 6) environmental valuation and  
7) sensitivity analysis. 

As with any innovative research, there are some limitations and not all aspects of the plastic and alternative material life 
cycle could be captured within the study. However, the methodology was designed to make use of the best available data 
and capture the most material impacts of plastic and alternative material use in consumer products. 
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The environmental cost to society of consumer plastic products and packaging was over $139 billion 
in 2015, equivalent to almost 20% of plastic manufacturing sector revenue, and is expected to grow 
(to $209 billion by 2025) if current trends persist. 

This includes the costs imposed on society due to the impacts from greenhouse gas emissions; air pollution; land and 
water pollution; water depletion; ocean impacts and other costs created throughout the plastics value chain. These 
externality costs are equivalent to 20% of the plastic industry’s total revenue in 2015,7 and represent a serious risk to the 
future profitability of the plastics industry if internalized as business costs through increased regulation (for example, on 
carbon emissions) or through pressure from customers and communities concerned with the impact of plastic. Realization 
of external environmental costs as business costs threatens the profitability of the consumer goods sector, particularly in 

Key Findings
The environmental cost of plastic in consumer goods is 3.8 times less than the alternatives materials 
that would be needed to replace plastic. 

Although alternative materials such as glass, tin, aluminum and paper are viable alternatives to plastic in many consumer 
goods applications, they have higher environmental costs in the quantities needed to replace plastic.  Trucost estimates 
that substituting plastic in consumer products and packaging with alternatives that perform the same function would  
increase environmental costs from $139 billion to a total of $533 billion. In most cases the environmental cost per  
kilogram of alternative material is less than that of plastic. However, on average over four times more alternative  
material is needed (by weight) to perform the same function. For example, a typical plastic soft drink bottle contains 30 
grams of plastic. But if replaced by a weighted average mix of alternative materials currently used in the market, an  
equivalent capacity bottle would require 141 grams of alternative materials such as glass, tin or aluminum in the USA.6 
Extrapolating to the entire consumer goods sector, over 342 Mt of alternative material would be needed to replace the 84 
Mt of plastic used in consumer products and packaging in 2015.

6  Different quantities of each alternative material will be needed to replace plastic in each application. To simplify the presentation of this example, a weighted average of the 
substitution weights was calculated based on the current market shares of alternative materials in the beverage container market.
7 IBISWorld. 2015. Global Plastic Product & Packaging Manufacturing: Market Research Report. [Online]. Available: http://www.ibisworld.com/industry/global/global-plas-
tic-product-packaging-manufacturing.html

Figure 1: The Environmental Cost of Business as Usual Plastic, Alternatives to Plastic and a More Sustainable Plastic in 
Consumer Goods
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small margin and highly plastic dependent segments. Enhanced action by the plastics industry and consumer goods  
industry, along with governments, NGOs and consumers, is needed to address the environmental cost of plastics.

Production of plastic materials and their transport are the largest sources of environmental costs. 

The total environmental cost of producing plastic materials for the consumer goods sector was over $60 billion in 2015, 
and the transport of these materials to market added a further $53 billion in environmental costs (totaling over $113 
billion per annum). This suggests that the plastics manufacturing industry has significant opportunity to reduce the  
environmental costs of plastics through its operations and supply chains. For example, Trucost estimates over $33  
billion in environmental cost savings could be achieved under the following intervention scenarios for the plastic  
manufacturing sector:

• $7.6 billion in environmental costs could be saved if the global plastics industry doubled its use of electricity  
from low-carbon sources such as wind, solar, and hydro power, or $15.2 billion with a switch to 100%  
low-carbon electricity.

• $7.3 billion in environmental cost savings could be made through if more efficient packaging designs could be  
developed in the food and soft drinks and ice sector that deliver the same packaging functions but require 30%  
less plastic.

• $10.6 billion in environmental cost savings could be achieved through a 20% improvement in the fuel efficiency of the 
vehicle fleet used to transport plastics, through technological change or modal shift toward lower emission transport 
modes such as rail. While not directly within the control of the plastics industry, changes to procurement policies with 
a preference for more efficient transport could aid in facilitating such improvements.

Additional interventions modelled in this study targeting improved waste management and recovery could increase these 
environmental cost savings to $41 billion, or 30% of the overall environmental cost of consumer goods sector plastic use 
(Figure 1).

Moving to a more circular economy can reduce the environmental costs of plastics. 

The circular economy is an alternative to the traditional linear make-use-dispose economic model, which prioritizes the 
extension of product life cycles, extracting maximum value from resources in use, and then recovering materials at the 
end of their service life. An important principle of the circular economy is increasing the capture and recovery of  
materials in waste streams so that they can be recycled and reused in new products. Increasing the recycling of  
post-consumer plastics (to 55%) and minimizing landfilling (to a maximum of 10%) could deliver significant environmental 
benefits. If these targets were implemented across Europe and North America, the environmental cost of plastics could 
be reduced by over $7.9 billion in net terms, accounting for the increased environmental impacts associated with waste 
collection and management, and in addition to the direct economic gains associated with the recovered value of recycled 
plastics and recovered energy. Recycling delivers a social and environmental return on investment, on top of the  
economic value of recovered materials, with the environmental benefits of increasing recycling in this scenario  
outweighing the costs of pollution emissions and external waste management costs by at least 3.9 times. 

Capturing plastic waste before it reaches the ocean could cut ocean costs by over $2.1 billion. 

Improving waste collection and management is key to reducing the quantity of plastics entering the ocean each year, 
along with the resulting environmental costs. Asia, with its large and growing consumer goods market and comparably 
low municipal waste collection rates, is estimated to contribute over 70% of the total quantity of plastic reaching the 
ocean from the consumer goods sector each year. Trucost estimates that by increasing the municipal waste collection rate 
in Asia to a GDP weighted average of 80%, the annual global plastic input to the oceans could be cut by over 45% (1.1 Mt) 
and save $2.1 billion in environmental costs. Looking ahead, similar investments in waste management infrastructure will 
be critical in Africa where incomes are rising and waste management systems remain poor. As incomes rise, waste  
generation rates (including plastic waste) are expected to increase with significant implications for the world’s oceans. 
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However, it is important to note that without commensurate improvements in material and energy recovery, the ocean 
cost benefits of better waste collection could be offset by increased environmental, disamenity8 and public costs of  
waste management. 

Plastics can enable significant environmental benefits in the use phase. 

Some key examples include the lightweighting of automobiles and in the use of specialized packaging designs to minimize 
food waste. Trucost estimates that substitution of plastic components with alternative materials in passenger vehicles sold 
in the North America in 2015 would lead to an increase in lifetime fuel demand for those vehicles of over 336 million liters 
(89 million gallons) of gasoline and diesel, and at an environmental cost of $2.3 billion. This equates to an environmental 
cost increase of $169 per gasoline or diesel passenger car sold in North America in 2015. Similarly, improved skin-type 
plastic packaging for sirloin steak can cut food waste by almost half compared to conventional plastic packaging (34% 
waste to 18% waste) with environmental savings of $606 per metric ton of beef sirloin sold. This equates to environmental 
savings of over $2.2 million for every additional 1% of sirloin steak sold in improved packaging in the USA. This case study 
illustrates the significant environmental net benefits that plastic food packaging can deliver where it helps to avoid the 
waste of resource intensive food products.

The environmental advantages of plastics are not equal across consumer product sectors. 

Due to the different types plastics used, and the different functions they perform, in different consumer goods sectors, 
the relative advantages of plastic over alternatives can vary widely. While environmental costs are estimated to increase 
across all sectors with the replacement of plastics with alternatives, the magnitude of this change ranges from a factor of 
2 to 3 in the furniture, automobiles, and clothing and accessories sectors, to a factor of more than 4.5 in the soft drinks 
and ice, consumer electronics, household durables and non-durables, and toys sectors. The Toys sector is the most plastic 
intensive sector modeled in this study and the environmental costs associated with this sector would increase by a factor 
of 6.3 if plastics were replaced with alternatives.  

Sectors in which the relative advantages of plastics over alternatives are smallest could represent targets for innovation to 
further improve the environmental performance of plastic throughout the life cycle. The change in environmental costs is 
greatest for packaging applications, increasing by a factor of 4.2 across all sectors when plastics are replaced, compared to 
3.4 for plastic used in products. This highlights the greater environmental efficiency of plastic in a broad range of  
packaging applications compared to alternatives – with less material needed to achieve the same outcome. 

8 Disamenity is a descriptor for the localised impacts of landfill and other waste management activities that generate negative reactions from communities located in the 
immediate vicinity of the waste management site (DEFRA, 2003). This could include noise, dust, odour, nuisance, visual intrusion or the presence of vermin (ibid).
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Recommendations on the  
Pathway to a More Sustainable 
Plastics Economy
The pioneering Valuing Plastic study3 established plastic use in the consumer goods sector as an  
important natural capital risk, creating significant costs to society, which if internalized through  
regulation, consumer pressure and other mechanisms, could threaten future revenues and  
profitability across the sector. 

This study sought to extend the research presented in Valuing Plastic with an explicit focus on examining how plastic use 
in consumer products could be made more sustainable, by comparing the relative environmental performance of plastic 
and its alternatives, and by examining possible strategic interventions at key leverage points in the plastics value chain 
that can deliver net environmental benefits. Based on this research, Trucost recommends the following key actions to aid 
in creating a pathway to more sustainable plastic use in the future.

• The plastic manufacturing industry has direct influence, or indirect influence via its supply chain management  
practices, over a significant share of the environmental costs of plastic use in consumer goods sector, and other  
sectors. The industry is thus ideally positioned to lead in driving further improvements in the environmental  
performance of the plastic supply chain. Increasing sourcing of low carbon energy and improvements in the fuel 
efficiency of the logistics fleet represent key potential opportunities to reduce the environmental costs of the sector 
in the short and medium term.

• In the longer term, innovations in plastic manufacturing technology that enable a shift toward a mix of more  
environmentally sustainable alternative energy feedstocks, design for recycling strategies and ever increasing material 
efficiency in product and packaging applications hold potential to reduce the environmental costs of plastic across the 
life cycle. 

• Investment in more efficient packaging technologies that use less plastic to meet customer needs can help to reduce 
not only the plastic industry’s direct and supply chain environmental footprint, but also enable environmental gains 
in the logistics and waste management phases of the value chain by light weighting consumer products. Furthermore, 
where innovative packaging designs better protect and extend the shelf life of food products, the environmental  
benefits of avoided food waste can be many times greater than the costs of producing the packaging. Similarly, the 
development of novel plastic components that can displace metal components in automobiles offers significant  
potential environmental benefits through improved fuel efficiency over the life of the vehicle.

• Investments in extending municipal waste collection services and improving waste management practices in  
developing economies are critical to addressing the challenge of plastic debris in the oceans. The impact of plastic  
on the global oceans could be further reduced through strategies to better capture littered and mismanaged waste  
on land before it reaches the ocean, expanding markets for recycled materials to increase the economic incentive  
to prevent waste leakage, and by limiting the use of harmful plastic additives that can be leached into the ocean  
over time.  
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• Step change increases in the recycling of post-consumer plastic waste, along with energy recovery, can have a major 
impact on the environmental costs of consumer plastics use. Such interventions would also help to capture some of 
the $80-$120 billion in lost economic value estimated by the Ellen MacArthur Foundation9 due to the single use of 
plastic packaging materials. The plastics manufacturing industry can play a role in driving this transition to a more 
circular economy by engaging with recyclers to optimize the efficiency and yields from plastic recovery processes, 
through for example, greater standardization of materials and packaging format types that enable more effective 
post-consumer sorting and separation.

• Adoption of natural capital accounting in the plastic manufacturing sector can help companies to understand their 
environmental impacts and potential exposure to increased costs or increased competitiveness due to advantages 
compared to alternative materials due to tightening environmental regulation and consumer pressure to improve 
environmental performance. Furthermore, these techniques enable companies to evaluate and communicate the 
environmental benefits created by investments in process efficiency and product innovation that improve the  
environmental performance of the sector.

9 Ellen MacArthur Foundation. 2016. The New Plastics Economy: Rethinking the Future of Plastics. [Online]. Available: https://www.ellenmacarthurfoundation.org/assets/
downloads/publications/EllenMacArthurFoundation_TheNewPlasticsEconomy_19012016.pdf
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Assumptions and Limitations
This study utilizes a hybrid of two common approaches to assess the environmental impacts of  
products and processes, Environmentally Extended Input-Output (EEI-O) modelling and Life Cycle  
Assessment (LCA) modelling, to provide a sector level and global scale assessment of the  
environmental trade-offs between plastic and alternatives in consumer goods. 

The intention of this research is to help inform more sustainable material use in the consumer goods sector by  
identifying key hotspots of environmental impact across the life cycle, between sectors and in the choice between plastic 
and alternative materials. The adoption of assumptions and simplifications are essential to achieve this scale and coverage 
and thus the results represent an average across sectors, technologies and products, based on the best available data. 
Individual companies, or specific technologies or products, may over or under perform the results of this study and thus 
detailed assessment of specific scenarios or interventions is recommended to inform decisions at the company level.  
Full details of the methodology and assumptions underlying this study are provided in the full Plastics and Sustainability: A 
Valuation of Environmental Benefits, Costs and Opportunities for Continuous Improvement report available at  
www.trucost.com/publications
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About Trucost
Trucost helps companies and investors to achieve success by understanding environmental issues in business terms. Our 
data-driven insights enable organizations to manage risks and identify opportunities for growth.

We are the world’s leading experts in quantifying and valuing the environmental impacts of operations, supply chains, 
products and financial assets. By putting a monetary value on pollution and resource use, we integrate natural capital into 
business and investment decisions.

With offices in Europe, the US and Asia, Trucost works with businesses worldwide to increase revenues, improve  
communications, meet marketplace expectations and comply with regulatory requirements.

Contact
Libby Bernick

Senior Vice President, North America, Trucost Plc

E: Libby.Bernick@trucost.com

E: info@trucost.com

T: +1 800 402 8774

www.trucost.com

Legal Statement 
Whilst every care has been taken by Trucost in compiling this report, Trucost accepts no liability whatsoever for any loss 
(including without limitation direct or indirect loss and any loss of profit, data, or economic loss) occasioned to any person 
nor for any damage, cost, claim or expense arising from any reliance on this report or any of its content (save only to the 
extent that the same may not be in law excluded). The information in this report does not constitute or form part of any 
offer, invitation to sell, offer to subscribe for or to purchase any shares or other securities and must not be relied upon in 
connection with any contract relating to any such matter.


