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Executive Summary 
 
The sustainability goal of the state solid waste plan recommends that Washington value 
our future waste as a resource, as opposed to considering it something to be disposed.  
Therefore, this issue paper builds on a conceptual description of sustainability and moves 
toward an understanding of how sustainability relates to solid waste management in 
Washington including current and alternative cost methods and recycling barriers. 
 
Most solid waste managers in Washington use traditional cost-benefit analysis in their 
decision-making processes.  Although it is common to use full-cost accounting methods 
that include external costs, future costs, and discount rates, not all decisions are made 
based on full-cost accounting.  To make more informed decisions, solid waste managers 
can also incorporate external costs not captured by existing accounting practices.  These 
external costs include pollutant emissions, depletion of natural resources and impacts on 
human health and the environment. 
 
Life-Cycle Assessment (LCA) is a tool that can be used to evaluate traditional (internal) 
costs and benefits as well as external costs and benefits.  LCA studies of solid waste 
systems have found that the most significant impacts of recycling are costs associated 
with the natural resource depletion and energy use for virgin materials extraction and 
manufacturing.  LCA is an emerging policy tool that provides a way to connect solid 
waste practices and policy to sustainability. 
 
Sustainability encompasses environmental, social and economic issues.  Funding for 
recycling programs that is dependent on the volume of waste disposal is not economically 
sustainable.  One main focus of this issue paper is to look at barriers to recycling.  These 
barriers are identified as falling under the following categories: financial, regulatory, 
political, logistical, and community-based.  Local, regional and state-wide coordination 
may be required to remove these barriers.   
 
Decisions about how much and what type of recycling and other diversion should be 
provided in a given area can be better made after considering the following work: 
 Gather more comprehensive life-cycle analysis of materials 
 Consider the costs of solid waste using a more comprehensive model making use of 

sustainability principles 
 Evaluate tools such as the Life-Cycle Inventory for use as a policy development tool 

for resource management 
 Examine methods to internalize external costs 
 Governments lead by example through purchasing recycled content products 
 Use information to affect consumer and corporate behaviors, for example, by using 

LCA to demonstrate savings from cost avoidance 
 
In a broader context, this paper suggests that the focus ultimately lies in creating products 
in manners that conserves natural resources, minimize waste, are compatible with 
biological processes, and limit the use of materials that create significant negative 
impacts on the ecosystem.   Internalizing external costs will affect pricing signals in the 
market in such a way that costs would reflect what is and what is not sustainable. 
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Introduction and Purpose 
 
The Washington State Solid Waste planning process was initiated in 2001 with the 
development of issue papers that discuss key policy issues.  This issue paper was 
developed by a workgroup with interest in and/or experience with the topics included 
herein.  The issue papers are intended to explore important solid waste issues and in most 
cases also call for further consideration, research, and discussion with the solid waste 
community. 
 
At the outset of the state plan and issue paper identification process, two of the issue 
papers envisioned were combined as this single issue paper.  Issue paper #8 was to focus 
on the barriers to recycling and issue paper #10 was to focus on the cost of solid waste 
management.  Before the first meetings were convened it was agreed to combine these 
two issue paper efforts since the structure of solid waste cost analysis is an important 
factor in the effectiveness of recycling.  Consequently, this issue paper contains 
information regarding barriers to recycling as well as a discussion of tax and subsidy 
barriers to recycling and sustainability presented in Appendix B.  Due to this dual focus 
and other factors, a case study presented in Appendix A provides a first look at analyzing 
the policies around curbside residential recycling in Washington.  This case study 
provides a limited examination of the traditional and more inclusive costs of solid waste 
management using a partial Life Cycle Assessment (LCA) analysis. 
 
The sustainability goal of the state solid waste plan includes a directive to examine a 
concept that includes valuing our waste in the future as a resource, as opposed to 
considering it something to be disposed   Therefore, this issue paper builds on a 
conceptual description of sustainability and moves toward an understanding of how 
sustainability relates to solid waste management in Washington including current and 
alternative cost methods and recycling barriers. 
 
This issue paper provides a general discussion of how solid waste and recycling costs and 
benefits are currently developed.  The role of the State Solid Waste Plan is to provide the 
impetus for making decisions and choices based on the principles of sustainability. 
Except where explicitly stated as Department of Ecology policy, no inference should be 
made with regard to the discussions and analysis contained in this issue paper.  This issue 
paper, as with the other nine, was developed to explore specific topics of importance to 
the Department of Ecology and the state Solid Waste Advisory Committee.  It does not 
create new policy. 
 
 
Key Questions Provide a Starting Point for Discovery 
 
To start to frame the discussion and to guide the process, the workgroup suggests 
considering some key questions:  

 Does the present solid waste system support waste disposal over recycling and/or 
waste reduction? 

 Is the present solid waste system sustainable, and how would we know? 
 Does the present funding method for the current solid waste system create barriers 

to sustainability? 
 Does the present solid waste system create barriers to recycling? 
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 How can the concepts and principles of sustainability be connected to the 
everyday realities of solid waste planning and management?   

 How do we measure sustainability in the solid waste system? 
 
This issue paper begins to look at these questions, provides context, and in some cases 
develops significant analysis in addressing these questions.  In most cases there is a 
significant amount of further effort required to answer the key questions for the state or 
the whole solid waste system.   
 
While the initial focus of this paper was to explore several issues within the solid waste 
management system, it has become apparent that the issues are larger than the solid waste 
system itself.  The solid waste system receives waste products that are the result of 
countless decisions made by resource extractors; manufacturers; service providers; 
retailers; federal, state and local government; foreign governments; business;  and 
consumers.  The solid waste system therefore cannot fully solve its issues without also 
addressing larger societal concerns.  In this light, the volume and type of solid waste 
becomes an indicator of unsustainable practices elsewhere in society.  Issue paper 10 and 
its appendices have four primary purposes: 
 

 Identify the economic factors that lead to waste generation habits that are not 
sustainable 

 Identify the initial steps toward a potential course of action that may help the solid 
waste system to become more sustainable 

 Identify specific barriers to recycling 
 Provide a sample analysis of recycling costs and benefits using a partial LCA 

analysis 
 

This issue paper is divided into three sections in addition to the appendices: 
 
 Section 1: Economic Concepts for Changing Wastes to Resources 
 Section 2: Moving from Economic Theory to Practice 
 Section 3: Barriers to Recycling
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Section 1: 
Economic Concepts for Treating Wastes as Resources 
 
Economic concepts are important for evaluating our residuals as resources rather than 
wastes, and for bringing issues regarding sustainability into the discussion about solid 
waste management choices.  This section covers basic economic concepts currently used 
in solid waste management as well as alternative methods such as inclusion of “external 
costs” into the price of products and solid waste services.  Unless we consider all costs 
and benefits of the solid waste system the price paid by our customers will not reflect the 
best use of resources. 
  
 
Market Prices and Full Costs 
 
According to traditional economic theory, goods and services used in the economy have 
prices that fully incorporate all costs related to their creation.   The costs that are included 
in the price of a good or service are called “internal costs.” Internal costs are reflected in 
market prices paid by consumers.  Competition in the marketplace should lead to the 
most efficient use of resources and the lowest price for goods and services, as long as 
prices include all significant costs.   
 
Internal costs typically include all transactions within the economic system that are 
tracked using standard accounting methods and practices.  In the solid waste system 
internal costs include costs such as trucks, compactors, containers, landfill construction 
and maintenance, labor, utilities, administration, and environmental monitoring and 
control.   
 
Internal costs are further divided into fixed or variable costs.  Fixed costs do not vary 
significantly with the level of operating activity or production.  Fixed costs include 
amortization on facilities and equipment, routine maintenance, and administration.  
Variable costs are typically proportional to the level of operating activity or production.  
Variable costs include costs such as operating-related maintenance, labor, and fuel. 
 
Full-cost accounting is an accounting practice that includes all known and measurable 
internal costs and incorporates those costs into the market price. 1  This method includes 
future costs of the system; for example, landfill closure and post-closure would be 
included in a full-cost accounting price for a tipping fee.   
 
In addition to funding traditional disposal, the Washington solid waste system includes 
other required programs such as education and outreach, toxicity and waste reduction, 
and recycling.  These costs are not directly related to disposal activities but are typically 
supported by tipping fees.  It is the goal of state and local governments to reduce disposal 
of MSW in favor of waste reduction and recycling.  However, waste reduction programs 
reduce tipping fee revenue upon which most of these programs rely.   This mismatch 
between waste generation revenue and toxicity and waste reduction expenses is a funding 
conflict in the solid waste system.  Not all solid waste tipping fees incorporate the costs 
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of waste reduction and other non-disposal programs.  Full-cost accounting can help align 
the costs between the two required parts of the solid waste system. 
 
Full-cost accounting provides a more sound basis than historic accounting methods used 
for decision-making in the solid waste system.  However, full-cost accounting does not 
include external costs.  The next section discusses how external costs can become 
internalized and the obstacles to and advantages of internalizing these costs. 
 
In addition to using full-cost accounting for all internal costs, solid waste managers also 
need to consider future costs and the use of discount rates.  Cost impacts of today's 
solid waste management choices may occur far into the future.  A 1996 study of King 
County's Cedar Hills landfill provides an examination of future costs.2    
 
In the 1996 Cedar Hills study, if solid waste management choices were made only on the 
basis of current year operating costs for disposal, $7 per ton in avoided costs would result 
from diverting waste from disposal.  However, it is reasonable for the solid waste 
manager's time horizon and cost estimates to encompass the opening and closing of 
landfill cells, landfill improvements, final closure, and post-closure maintenance.  Also, 
after Cedar Hills reaches capacity, King County expects to begin exporting waste, further 
increasing future costs.  Waste diversion puts off the landfill's closure date.  In addition to 
the avoided costs for future landfill construction and maintenance, waste diversion also 
delays the onset of long-hauling costs estimated at $38 per ton 
 
Based on an assumption of a positive interest rate, one dollar spent today is more 
valuable than one dollar spent in the future.  Discount rates are often estimated by 
calculating an expected interest rate minus an expected inflation rate.  For example, if we 
assume an interest rate of 10% and an inflation rate of 3% we would have a discount rate 
of 7%.  We use a discount rate to represent today’s value of a dollar spent in the future.  
For example, a 5% discount rate implies a willingness to spend fifty cents today to save a 
dollar 14 years in the future.  In the King county example using a discount rate of 5%, the 
$7 savings of avoided operating disposal cost becomes an estimated $16 avoided 
operating cost when future savings are included.  Without including a discount rate the 
full-cost accounting would be incomplete. 
 
 
External costs are costs that are outside the economic system and are not accounted for 
by traditional accounting methods and practices.  For example, when a material is mined 
from the earth, some of the costs associated with the mining, such as temporary or 
permanent habitat loss and environmental pollution, are not paid in full by the mining 
company.  Costs not paid by the producer of a good or service are not reflected in the 
market price of that good or service.  Because natural resources such as a healthy habitat 
benefit all of society, everyone pays for the habitat loss, even those who did not benefit 
by purchasing the good or service.   
 
There are examples of external costs that are quantifiable by keeping track of costs that 
are paid by individuals or organizations other than the producer of a particular product or 
service.  For example, the U.S.D.A Forest Service builds roads into forests at taxpayer 
expense to provide access for logging companies to timber stands.  The trees are 
harvested by the highest bidder, and sold by that bidder to recover their logging costs and 
profits.  The cost of the road is not included in the price of the timber or in the price of 
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lumber or pulpwood produced from the logs because the Forest Service does not recover 
the road building costs from the winning bidder. Thus, the cost of the road is an external 
cost.  However, the Forest Service is able to track the cost of building the logging road 
and that cost is actually paid by tax dollars.  Yet that cost is not included anywhere in the 
actual prices paid for the trees, or the products made from them. 
 
There are also examples of external costs that are not so easy to quantify monetarily.  
Sometimes this is because the external cost is caused by a widespread environmental 
impact.  For example, the health care costs of medical treatment for respiratory problems 
(such as asthma) that are caused by air pollutants are paid by those needing medical 
treatment (and their employers or health insurance companies), and not by those 
producing the air pollutants. 
 
The environmental impacts from methane released into the atmosphere from landfills 
also generate externalized costs.  Any global warming impacts from releases of such 
methane will be borne by future generations and not by the users of today's landfills; as 
such costs are not incorporated into disposal costs (tipping fess) charged to customers. 
 
In all of these examples, the prices of products or services do not reflect all the costs 
incurred in the production of these products and services.  When some of the costs of 
producing a good or service are not reflected in the market prices for those goods or 
services, the resources allocated to produce those goods and services will tend to be over 
utilized in making those items and underutilized for other purposes.  That is, the 
resources will not be used as efficiently as they might be.  This is because purchasers of 
goods or services that have significant external costs are not informed of those costs 
through the prices that are charged in the marketplace for such items.  Thus, purchasers 
will buy more of these items (because of their low price) than they would if the items had 
higher market prices to cover their external costs.  In turn, producers of these items are 
encouraged to make relatively more of the goods or services than they would if they had 
to charge higher prices to cover the external costs that they currently do not pay. 
 
And so the cycle proceeds, with benefits to producers and users who haven't paid all the 
costs caused by the production of these goods or services, and costs to others who haven't 
received the benefits of using the goods or services.  In this way, external costs distort the 
efficient allocation of resources in the market economy. 
 
Modifying the Market Price: Internalizing External Costs 
 
Full-cost accounting is a valuable first step, but it is not the final destination.  Many 
important environmental effects are overlooked by a full-cost accounting system because 
they are not reflected in traditional market costs and resulting prices.  
 
One way in which society has internalized an external cost is to create a tradable permit 
system.  For example, sulfur dioxide emissions are regulated using a tradable permit 
system under the Clean Air Act.  Theoretically, the free exchange of permits on the 
market establishes a price for pollutant releases. The tradable permit system establishes 
limits on the amount of sulfur that each generator can release, and at the same time 
allows generators to buy and sell permits reflecting amounts by which they are exceeding 
or failing to meet their emissions limits.  The use of clean air is treated like any other 
resource for manufacturing goods and services.  The factory's accountant can multiply 
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tons emitted together with the market price for emission permits to calculate a cost for 
pollutant releases.  To pay this cost the factory must charge more for their products to 
cover the additional cost of exchanging clean air for less clean air. There are real cost 
savings for facilities that emit less sulfur dioxide. 
 
Another approach to internalizing external costs is through emission taxes.  In the 
absence of markets for pollution releases, economic theory suggests that external costs 
can be accounted for by evaluating the costs imposed by pollution and requiring 
producers and consumers to pay for the damages that result from their actions.  These 
emission taxes must be set high enough to raise enough money to cover external costs of 
pollution.   
 
If all external costs were internalized, market outcomes would be efficient because all 
producers and consumers would be paying for all impacts caused by the production and 
consumption of the goods and services they use.  The marketplace would demand only 
the amount of resource use and pollution that consumers are willing to pay. 
 
In practice there are significant obstacles to internalizing external costs.  The correct 
valuation of external costs is a difficult process.  It is often prohibitively expensive or 
sometimes impossible to trace the pathways of pollutants through an ecosystem and 
assess all the resulting damages in the present, let alone potential future damages.  
Similarly, it is difficult to assign a value for human disease or premature death.  Even if a 
thorough damage or risk assessment is completed, assigning an appropriate monetary 
value for these external costs can be controversial. 
 
For example, it is difficult to establish the price at which all individuals whose health is 
impacted by emissions would be willing to tolerate those emissions.  Economists 
frequently advocate the use of carefully constructed public opinion surveys to assign 
monetary values to externalities.  Ideally, this tells us what a representative sample of the 
population believes the externalities to be worth.  In practice most people have no 
experience in assigning prices to environmental impacts.  For instance, public opinion 
surveys regarding the value of reduced visibility at the Grand Canyon due to air pollution 
arrived at very different answers.  
 
Another difficulty is that surveys have not been done for most environmental problems, 
creating a temptation to use inappropriate approximations and shortcuts.  Even when 
valuation estimates are available, there are often analytical and philosophical questions 
about their interpretation.  Since many environmental problems involve some increased 
risk of death, internalization of external costs appears to require a dollar value for a 
human life.  The value of a human life is often estimated to be worth about $6 million in 
1999 dollars.  This is based on economic analyses of the wages required to induce blue-
collar men to enter risky occupations in the 1970s and 1980s,3 adjusted for inflation since 
the original studies but otherwise unchanged.  Use of the $6 million value is becoming 
standard in environmental economics.  However, it begs both the practical question of 
whether job choices made by a subset of the population in the past should be a universal 
standard today, and the philosophical question of whether it is acceptable to assign a 
dollar value to a human life. 
 
Even the sulfur limit for the Clean Air Act’s tradable permit market was not based solely 
on science, but was a negotiated settlement, heavily influenced by estimates of the cost of 
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the technology for sulfur reduction.  Moreover, there are limits, in terms of administrative 
cost and complexity, to the number of separate emissions trading systems that can be 
established and operated simultaneously.  In practice, trading systems are likely to apply 
only to the best-known or most problematic pollutants. 
 
Despite these limitations and pitfalls, valuation of external costs can be a powerful tool.  
The tradable permit system did internalize some of the previously external costs and 
reduced the emissions of sulfur dioxide to roughly half the 1980’s emission peak.  This 
example shows that it is possible to internalize external costs and get results using our 
economic system.  
 
Relationship between Sustainability and Solid Waste Policy 
 
When managers include external environmental costs in decision making they move 
toward environmental sustainability.  But what is sustainability and how can progress 
toward sustainability be evaluated?  The Natural Step is a common framework to explain 
the principles of environmental sustainability.4  It delineates a set of guiding tenets, called 
“system conditions.”  The four system conditions for society to be sustainable can be 
paraphrased as follows with commentary and implications for solid waste management in 
italics: 
 
1) Limiting or eliminating certain substances from being extracted from the earth’s 
crust, or closed-loop use of those substances, to prevent adverse effects on living 
organisms and ecosystems.   
The rate of materials extraction from the earth’s crust must not systematically exceed the 
rate at which those materials are sequestered back into the earth’s crust.  This condition 
addresses problems such as global warming due to extraction and use of hydrocarbons, 
toxic metals, and mineral substances released into air, land and water. It is easy to see 
solid waste connections to this system condition.  Materials that are extracted from the 
earth to make products which are subsequently disposed of can violate this system 
condition.  
 
2) Limiting or eliminating certain persistent substances created by humans. 
Because these human-made substances are not part of the natural system, humans and 
other species are incapable of metabolizing these chemicals and they tend to disrupt 
biologic systems.   Therefore, these substances should not systematically increase in the 
environment.  This condition addresses problems such as persistent bioaccumulative 
toxic chemicals and endocrine disrupters that have become widespread in the 
environment.  Some persistent chemicals are a part of the MSW stream. 
 
3) Avoid destructive manipulation of the natural ecosystems. 
This condition addresses problems such as declining biodiversity, overharvesting, 
natural systems carrying capacity, and habitat preservation.  Pollutants generated from 
the management and disposal of solid waste can add to this problem. 
 
4) Use resources efficiently, minimize wastes, to equitably support human needs.5 

This condition is a guiding principle that addresses the general need for humans to be 
conservative in the use of resources to retain a planet that can support our species in the 
long-term.  This also has direct policy implications for population growth and the global 
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distribution of natural resources for the global human community.  This speaks directly 
to the pollution prevention and waste reduction aspects of solid waste management. 
 
Support for sustainability is evidenced in Department of Ecology’s mission statement and 
goals.  The mission of the Department of Ecology is to “protect, preserve and enhance 
Washington’s environment, and promote the wise management of our air, land and water 
for the benefit of current and future generations.”6     
 
To fulfill this mission Ecology has established three goals: 
 

 Prevent pollution  
 Clean up pollution  
 Support sustainable communities and natural resources  

 
To meet these goals the solid waste system must incorporate sustainable practices.  To 
have a sustainable system there must be a sustainable economy and a sustainable 
environment.  A sustainable solid waste system might include closed-loop recycling back 
into the economic (sustainable economy), and natural (sustainable environment) systems 
while sharing the benefits and burdens of solid waste management equitably among all 
our citizens.   
 
Producer, consumer and waste management decisions such as transportation, materials, 
and product choices impact efficient resource use and waste minimization potential.  For 
instance, in many cases producers have a choice of manufacturing products with virgin 
materials or with recycled materials.  Consumers can choose to purchase materials or 
products that are made from virgin materials or reused/recycle components.  Both 
producers and consumers can often make choices between products with more or less 
toxic ingredients or components.  Many solid waste managers in Washington are already 
providing programs that contribute to sustainability by encouraging reuse and recycling 
as well as educating consumers about purchasing less toxic products and services.  Some 
solid waste programs are actively engaging product manufacturers in creating more 
sustainable products and services as well as modifying purchasing policies to reflect more 
environmentally benign purchases.   
 
 Nature fulfills the sustainability system conditions in The Natural Step by using outputs 
(potential wastes) from one part of an ecosystem as an input (feedstock) to another part of 
an ecosystem, creating little or no waste.  Some use this fact to advocate for a “zero 
waste” goal or strategy for human production systems and for solid waste management.  
The concept of zero waste may seem on the surface to be idealistic.  However, a zero 
waste goal has been applied by leading industries in the US and elsewhere for some time. 
 
For example, in the 1980s E.I. DuPont de Nemours & Company (DuPont) expanded the 
corporate mission from zero injuries to “zero waste, zero emissions, and zero injuries.”  
This changed mission has resulted in reducing toxic emissions by 74%, cutting solid 
waste generation in half and reducing its overall environmental costs by $200 million per 
year.7  At DuPont, zero waste is not an absolute but rather a way for management and 
workers to think and to drive competitive innovation.  DuPont’s CEO says that “We are 
on a journey to transform DuPont into a sustainable growth company, one where we 
increase societal value while decreasing our environmental footprint.”8  DuPont is 
perhaps not yet a fully sustainable company but they are consciously and deliberately 
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moving in that direction.  A zero waste goal may not be achievable in all cases; however, 
any other goal may artificially limit the maximum achievable reduction in waste.   
 
It is unclear how to measure or assess how far we are from sustainability in the 
management of solid waste.  Solid waste is typically managed by using traditional cost-
benefit analysis, whether in the private or public sector.  These traditional cost-benefit 
analyses are assumed to provide solid waste managers and political decision-makers with 
data to make informed decisions.  There is a need for alternate methods that include those 
factors that support sustainable solid waste practices and that are ignored with the 
traditional cost-benefit analysis.  There is an increasing body of research, policy 
exploration, and new analytical methods that have been designed to start to fill this need.9  
One such method is life-cycle assessment. 
 
Life-Cycle Assessment (LCA) 
 
Industries and governmental organizations have developed methods that extend the scope 
of the traditional cost-benefit analysis system toward sustainability.  One of the most 
widely used of these methods is called Life-Cycle Assessment (LCA).  LCA includes two 
parts, the life-cycle inventory (LCI) and the life-cycle impact assessment (LCIA).  The 
LCI is typically the first phase of a Life Cycle Assessment, and involves compiling and 
quantifying the material and energy inputs and outputs for a given product throughout its 
life cycle.  LCI data now exists for a significant number of products and many of their 
associated inputs and outputs of energy and materials such as emissions of environmental 
pollutants. 
 
The second, and more difficult, phase of an LCA is the LCIA.  This is the phase of a life-
cycle assessment that evaluates impacts caused by emissions of environmental pollutants 
documented during the LCI phase of the assessment. Examples of potential impacts 
evaluated by LCIA include financial, environmental, social, and public health burdens 
rendered from the pollutant emissions.  Once the system-wide impacts are quantitatively 
estimated, an estimate of the cost of each impact can sometimes be developed. 
 
The LCA can be used to expand the scope of traditional cost-benefit analysis of solid 
waste alternatives.  The traditional cost-benefit analysis methods only examine the 
functions of the solid waste system under the influence of solid waste managers.  For 
example, a recycling facility may receive, sort, and otherwise process waste to become a 
marketable commodity.  Once the commodities are sent to the market the impacts of 
those materials are no longer accounted for in the solid waste system.  By expanding the 
scope of cost-benefit analysis we can evaluate the positive and negative impacts of our 
resource use and materials management options. 
 
Figure 1 illustrates that there are upstream and downstream impacts not usually 
included in managing the traditional solid waste system.  Upstream impacts are positive 
as well as negative consequences of product manufacturing or use before the product has 
become a waste.  This includes energy use, materials use (virgin or recycled sources), and 
pollutant emissions associated with product transportation, manufacture, and 
consumption.   Downstream impacts are positive and negative consequences after 
discarded products have been managed by the solid waste system.  This includes potential 
pollutant emissions and energy recovery from landfills and waste-to-energy facilities. 
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LCA includes impacts upstream and downstream of the solid waste management system.  
For example, upstream impact comparisons can include the use of recycled versus virgin 
materials in manufacturing products.  Downstream impacts may include estimates of the 
amount of greenhouse gases released from choosing different disposal methods.   
 
Although LCA expands the traditional cost-benefit analysis, the costs or benefits of some 
impacts can be estimated with more precision and accuracy than others.  For example, if 
health effects are present they may not be easily quantified.  In addition, different sectors 
of society (e.g., businesses, and urban or rural communities) may be impacted more or 
less.  A community closer to recycling markets may benefit more from recycling 
programs. 
 
The data for a comprehensive LCA is not yet available for some parts of the MSW 
stream.  For instance, there is not enough data available regarding upstream impacts of 
recycling organic materials.  However, there is a significant body of knowledge available 
to begin evaluating the specific impacts of solid waste management choices using LCA, 
such as recycling versus disposal of certain commodities.  Nonetheless, there is a need to 
further develop new methods, tools and measures to evaluate sustainability in the context 
of solid waste management.   
 
Section 1 Summary 
 
This section suggests that when external costs are not fully reflected in the market price 
for a product, the resources used for the product can be undervalued and may not be used 
efficiently or sustainably.  The section shows that it is possible to internalize external 
costs once they are identified and get results using our economic system in correcting the 
prices of goods.  When we expand the scope of cost-benefit analyses, we can evaluate the 
positive and negative impacts of our resource use and materials management options. 
 
Full-cost accounting can help align the costs within the solid waste system, although if it 
fails to consider future costs, the full-cost accounting method would be incomplete.  Full-
cost accounting does provide a more sound basis than historic accounting methods used 
for decision-making in the solid waste system.  The solid waste system still needs 
alternate methods to include those factors supporting sustainable solid waste practices 
and that can be missed with the traditional cost-benefit analysis.   
 
Appendix A provides an example of an abbreviated life cycle inventory (LCI) of the 
Washington State single-family residential recycling system.  Section 2 of this paper 
provides examples of available studies that can assist solid waste managers in developing 
LCIs. 
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Products vary widely, from firewood and water, which are minimally processed, to automobiles and 
skyscrapers, which are resource and energy intensive. Product life cycle begins when materials (gases, 
water, minerals, plants, animals, fish, etc.) are extracted from the environment as a resource for conversion 
to a useful product. This is followed by processing, manufacturing, distribution, retailing, consuming and 
disposal.  Each step along the way requires the need for additional materials and energy to pass materials 
and products to the next step.  Each step along the way generates pollution and waste that are released into 
the environment.  Each step along the way has economic, environmental and social costs or impacts.   
 
Solid waste management has traditionally focused on wastes generated after product consumption.  
However, there are impacts before product consumption (upstream impacts) and impacts after disposal 
(downstream impacts), that are most times not considered in the total cost of the products.  These costs are 
often borne by the general public and are not associated with the product itself.  For example, the U.S.D.A 
Forest Service builds roads into forests at taxpayer expense to provide access to timbers stands that are 
logged.  The trees are harvested by the highest bidder, and sold by that bidder for profit after value has 
been added (e.g. cut into lumber). The cost of the road is not included in the price of the timber since the 
Forest Service does not recover this cost from the bidder.  This is a government subsidy.  All tax payers 
contribute to the costs of the road regardless of whether or not they buy the lumber. 
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Section 2: 
Moving From Economic Theory to Practice 
 
Because they are indirect and will often go unnoticed, it is not easy to quantify external costs. In 
section 1, an example of external costs was highlighted that included the habitat loss and 
environmental pollution associated with mining. A first step in quantifying these elusive costs is to 
identify what needs to be measured and then assign costs to the impacts, both positive and negative.  
Some environmental and energy projects and studies have attempted to quantify the cost of specific 
environmental impacts.  The studies described below may be useful in evaluating Washington’s 
solid waste system, or provide input to a life-cycle assessment (LCA) or a life-cycle inventory 
(LCI). 
 
Life Cycle Inventory Studies  
 
A complete LCI study of the solid waste system should include, to the extent possible, LCI data for 
all impacts, including those upstream and downstream of the system.  Industry and governmental 
agencies have been tracking emissions of certain pollutants to the air and water for a number of 
years.  In the past decade, researchers have used this data along with other information to conduct 
life-cycle inventory (LCI) studies on waste management systems.  Most LCI studies attempt to 
examine the average life-cycle of a product, from raw materials acquisition through management of 
residuals at the end of the product's life, to determine material and energy inputs, waste outputs, and 
environmental releases associated with the use of that product.  
 
LCI data can be used to compare recycled-content manufacturing to virgin-content manufacturing.  
The upstream LCI data for recycled-content manufacturing are combined with LCI data for 
collection, processing and transportation impacts of the recycling system.  The upstream LCI data 
for virgin-content manufacturing are combined with LCI data for collection, transfer, hauling and 
disposal impacts of the traditional disposal system.  Additionally, upstream LCI data for specific 
waste prevention or reduction methods can be compared to LCI data for recycling and disposal.   
 
A life-cycle inventory study quantifies the inputs and outputs associated with a product without 
placing a dollar value on the impacts.  Once the LCI is completed, dollar values may be assigned to 
the impacts as part of the LCA. The three general categories of impacts often used in LCI studies of 
the solid waste system are: pollutant emissions, natural resource use, and energy use.  Some studies 
have included all three of these categories while some go further by assigning costs to these impacts 
(Table 1).   
 
Five Life-Cycle Inventory Studies 
 
The five LCI studies in Table 1 include data for the solid waste system; however, LCI data for the 
system are limited.  Additionally, a study of the impacts of the solid waste system needs to 
recognize that there are often market differences between virgin materials and recycled-content 
materials.  The five LCI studies (Table 1) differ substantially in their coverage of specific solid 
waste management methods and types of residuals.  There are also differences in availability of data 
measuring discharges throughout a product's complete life cycle for each particular pollutant; Table 
2 explains the emissions included in each of the 5 LCI studies. 
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EPA's decision support tool (DST) study examines 39 residuals, 17 of which include both 
upstream and end-of-life LCI data (Table 3).  The EPA DST study also develops energy profiles for 
various solid waste management methods; use of natural resources is covered indirectly through 
energy use calculations.  The EPA study was conservative in its scope.  For instance the organic 
waste stream components such as grass, leaves, branches and food waste lack upstream LCI data. 
The effect of reduced emissions from reduced use of synthetic agricultural products, nor the effect 
of compost as an alternative agricultural product, has yet been evaluated. Specific processes for 
preventing or reducing waste, e.g. double-sided copying or glass container reuse, have not been 
evaluated by the EPA. 10  
 
The Australian recycling study assigns a dollar value to certain pollutant emissions and analyzes 
the land use and resource conservation impacts associated with various waste management methods.  
This study examines a variety of curbside collection and processing systems for mixed paper, 
newspaper, glass containers, aluminum cans, steel cans, PET bottles, HDPE bottles and paperboard 
drink cartons.11 
 
The study conducted for the Minnesota Office of Environmental Assistance (MN OEA) examines 
the impacts of waste reduction for five materials: office paper, wooden pallets and containers, 
corrugated cardboard, glass containers, and plastic containers.  The Minnesota study also evaluates 
the impacts of recycling newspaper, corrugated cardboard, glass containers, aluminum cans, steel 
cans, PET bottles and HDPE bottles.  This study includes a partial examination of the life-cycle 
impacts of composting, and of recycling used oil and scrap tires.  Additionally, this study includes 
natural resource conservation in terms of coal, natural gas, crude oil, iron ore and limestone in its 
comparison of waste management methods. 12 
 
The Keep American Beautiful (KAB) study develops energy profiles for various solid waste 
management methods; the impacts of natural resource use are covered indirectly through energy use 
calculations.  The KAB study also examines the management impacts of residential yard debris that 
are composted, incinerated or put in a landfill. The KAB study focuses on management methods, 
such as recycling, incineration and landfilling, of residential residuals of newspapers, glass 
containers, aluminum cans, steel cans, PET bottles and HDPE bottles and containers. 13   
 
The Council of State Governments (CSG) study conducted by the Tellus Institute focuses on 
developing an LCI for material and energy use along with air and water emissions associated with 
disposal of a list of specific packaging materials: aluminum, glass, steel, five types of paper, and six 
types of plastic.  The CSG study also assigns dollar values to certain pollutant emissions. 14 
 
Using Emission Data as a tool for LCA 
 
Once emission data are available for different methods of solid waste management, pollutant 
loadings from each alternative may be compared.  Some options may increase certain emissions 
while reducing others.  One method for evaluating these trade-offs is to convert pollutant loadings 
to dollar costs.  Assigning dollar costs to each type of emission shown in Table 4 is typically 
performed by estimating costs of damages caused by emissions or by estimating costs incurred to 
control releases of the pollutant.       
 
Examination of Table 4 reveals the diversity of estimates available for assigning an environmental 
cost to pollutant releases.  Because all values are in dollars, trade-offs between types of pollution 
can be evaluated.  For example, atmospheric emissions of chlorinated/aromatic hydrocarbons are 
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given a higher dollar value than waterborne emissions for chlorinated/aromatic hydrocarbons.   The 
opposite is the case with mercury.  On the other hand, on a pound for pound basis, both of these 
pollutants are much more damaging than atmospheric emissions of sulfur, nitrogen oxides, or of 
particulates based on the dollar values assigned.  However, to choose among waste management 
methods, the researcher needs to calculate the quantity of each pollutant's releases times the value of 
that release.  This is typically done using the releases associated with managing a ton of each waste 
stream residual under each management method.  
 
Several methods or techniques are available to develop each type of cost estimate, each with 
particular strengths and weaknesses.  However, there are substantial technical difficulties involved 
in getting complete and accurate estimates of externalized costs using any of these standard 
methods for estimating damage or control costs.  This has led to protracted debate among 
proponents of one or another method for estimating externalized costs, and to wide variations in the 
actual estimates as well.  The various approaches to assigning values to externalities involve a high 
degree of uncertainty, resulting in a wide range of possible economic valuations.  Some experts 
have suggested that, lacking an agreed-upon methodology, the values assigned to externalized costs 
should be, in effect, negotiated through the public political process. 15 
 
Limitations of Emissions Estimates 
 
Although the dollar valuation of emissions helps in comparing different pollutants, the underlying 
studies have certain limitations that must be acknowledged.   None of the studies report upstream 
and downstream emissions for all pollutants listed in Table 2.  Additionally, none of these studies 
have emission data for all waste residuals. For example, the EPA study provides a comprehensive 
comparison of emissions from recycling versus disposal options for just 17 of the residuals in Table 
3. Those 17 residuals are noted with the word “yes” in column 2 of Table 3.  
 
Where there was a gap in the data on emissions of a particular pollutant for a particular recycling or 
disposal method in the EPA study, they decided not to report data on emissions from any waste 
management method for that pollutant.  This was done to avoid implications of bias in the study.  
For example, waterborne dioxin/furan emissions data were not available for all MSW management 
methods.  As a result, the EPA DST study does not report dioxin/furan emissions for any waste 
management method, even though those emissions are available in other studies for specific 
management methods such as disposal through waste-to-energy incineration. 
 
The absence of emissions data in the EPA study should not be interpreted as an indication that these 
residuals are associated with zero emissions of these pollutants.  The other four studies referenced 
in Table 2 provide emissions data from the life-cycle of some residual type for each of these other 
pollutants.  Additionally, it was not possible within the scope of this review to determine whether 
the non-EPA studies had any data gaps such as missing downstream data, as shown by the "up only" 
entries in Table 2.  Coverage of pollutant emissions in the Australian study, as well as the other 
three studies, is indicated by an "x" in each study's column of Table 2.  
 
These limitations point out the complexity of life-cycle analysis and the significant amount of work 
that remains to be done to develop a complete LCI for all residuals.  Although limitations exist, the 
data available is usable and the ongoing research being performed in the US and elsewhere will 
provide additional data for analysis.      
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Use of Natural Resources 
 
Another type of impact that can be measured in an LCA is natural resources use and depletion.  
Studies on the economic and environmental costs and benefits of solid waste management systems 
sometimes include an analysis of land use and resource conservation impacts associated with 
various waste management methods.  For example, the Australian Packaging Covenant Council’s 
study of curbside recycling concluded that 75% of the overall environmental benefit of curbside 
recycling came from reductions in air and water pollutant emissions associated with reduced use of 
virgin raw materials to manufacture products.16  That study also concluded that land use benefits 
from reduced mining and harvesting of mineral and forestry resources accounted for 21% of the 
benefits from recycling.  Global warming credits accounted for 4%, while benefits of reduced land 
use for landfills accounted for another 2%.  These environmental benefits of recycling were offset 
by environmental costs from increased truck traffic.  Environmental costs from truck traffic offset 
2% of total benefits. 
 
The estimate that 21% of environmental benefits from recycling came from reduced use of mineral 
and forestry resources excluded the benefits associated with reduced emissions of pollutants and 
greenhouse gases to avoid double counting the benefits of emissions reduction.  Included in this 
21% of total environmental benefits were impacts related to land use and sustainability of resource 
access for bauxite, coal, crude oil, iron ore, lignite, limestone, natural gas and sand.17  
 
The Australian study combined estimated costs for rehabilitating land used for coal mining and 
estimated resource depletion costs for coal to obtain an estimate of US $26 per ton as the land use 
and resource depletion cost for coal.  It is worth noting here that establishing a resource depletion 
value for coal or any other natural resource is not simple.  In the case of coal it involves in some 
inevitable degree a prediction about tastes and needs of future generations, future coal stocks, and 
future technology.  Even estimating the stock of coal in the earth today is a tricky business, 
involving as it does geologic data on locations of known and likely coal stocks, and technological 
data on how deep one can dig for coal and how free the vein of coal has to be from other minerals 
and rock for it to be recoverable.  Thus, the figure chosen to measure the extra value (its resource 
depletion value) coal would have, were future generations able to bid in today's markets, must sum 
up predictions and estimates about today's stocks, future stocks versus the rate of depletion of 
today's stocks, future technological capabilities to recover stocks inaccessible with today's 
technology, and future needs for coal resources.18  
 
Similar difficulties would be encountered in estimating the land use and resource depletion value 
from reduced use of other natural resources as well.  Instead, the Australian study used an 
international scale based on biodiversity and primary biomass productivity impacts to rank coal 
against the other mineral resources in terms of land use.  The study also compared global production 
with global resource stocks for each mineral versus coal's estimated 700 years of remaining 
resource life.  Combining these land use and resource depletion rankings for the other mineral 
resources against coal with coal's estimated $26 per ton externalized cost, the Packaging Covenant 
Council’s study derived environmental valuations that ranged from a low of under $6 per ton for 
sand to a high of almost $61 for bauxite.  Interestingly, limestone and iron ore fell toward the top of 
this range - at $50 and $44 per ton, respectively - while natural gas and crude oil were just above 
sand at the bottom with valuations of about $20.19  This result is most likely related in part to the 
smaller impact on land surface ecosystems associated with oil and natural gas drilling compared 
with surface and strip mining for iron ore and limestone.  
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The Australian study used “hypothetical non-wood charges” for forest resources to develop a land 
and natural resource use environmental cost for trees from native, regrowth and plantation forests.  
The estimates reported in the study are $20 per ton for timber cut from native forests, $7 for 
regrowth, and $3.50 per ton for plantation timber.20 
 
Minnesota OEA’s evaluation also included natural resource conservation of coal, natural gas, crude 
oil, iron ore and limestone in its comparison of waste management methods but did not attempt to 
calculate a monetary value for natural resources conserved.  The EPA DST model, the Keep 
America Beautiful study, and the Council of State Governments study cover natural resource 
conservation only indirectly through calculations of energy use for solid waste management 
methods. 
 
Energy Use  
 
Numerous studies have examined the energy conservation and consumption impacts of solid waste 
management.  Three of the five studies inventoried in Table 1; EPA's Decision Support Tool, Keep 
America Beautiful, and the Council of State Governments studies; developed energy profiles for the 
various management methods.  Richard Denison of the Environmental Defense Fund published a 
review of the Keep America Beautiful and Council of State Government studies, as well as a review 
of two other studies, A US Department of Energy study by Stanford Research Institute and a 
Toronto Pollution Probe study, by Sound Resource Management Group.21   
 
Denison's summary of the energy impacts of recycling, incineration and landfill reflects the 
conclusions of the four studies as well as others that have been conducted on energy usage in solid 
waste.  According to Denison,  

From a system-wide view, recycled production plus recycling uses the least energy, 
considerably less than virgin production plus incineration, whereas virgin production 
plus landfilling uses the most.  This difference is due to the substantial reduction in 
energy use associated with manufacturing processes that use recycled materials 
relative to those that use virgin materials.22 

Denison also states that transportation energy used to ship processed recycled materials to market is 
minimal, amounting to only a few percent of manufacturing energy.23” 
 
Because many of the emissions of pollutants associated with waste management methods arise from 
energy use specific to those methods, energy consumption can be used to estimate relative 
environmental impacts of different solid waste management methods.  It is relatively easy to 
measure energy use based on market purchases of energy resources throughout a product's life 
cycle. It is often more difficult to measure or estimate emissions of numerous pollutants.  At the 
same time, it is important to remember that environmental benefits from reduced use of energy are 
reflected in emission reductions and reduced use of mineral resources.   
 
Some energy resources are under-priced due to subsidies or external costs in energy markets.  For 
example, the impacts on salmon from hydroelectric power generation have not historically been 
included in prices paid by the consumers of hydropower.  Similarly, most, if not all, of the costs for 
long-term management of radioactive wastes and for security needs related to nuclear energy are 
not included in prices paid by consumers of electricity.  A study on the sustainability of solid waste 
systems should include the costs that would result if energy prices were not subsidized and external 
costs were internalized into the market price of energy.  Presumably the higher energy usage 
methods would find their costs rising relative to less energy intensive waste management methods. 
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Section 2 Summary 
 
This section shows that there are tools available to help identify some of the external costs of 
managing certain products throughout their lives.  Some of these external costs include 
manufacturing and transportation emissions, natural resource degradation, and energy consumption 
subsidies.  Quantifying the impacts of pollutant emissions, natural resource use and energy 
consumption can be useful in the solid waste system.    
 
This section found that overall emissions from upstream virgin raw materials acquisition and 
production activities are much larger than emissions from MSW management methods.  There are 
also substantial technical difficulties involved in getting complete and accurate estimates of external 
costs.  One tool, a life cycle inventory (LCI), provides data that can be used to compare recycled-
content manufacturing to virgin-content manufacturing.  There is, however, significant complexity 
in life-cycle analysis, and a significant amount of work remains to be done to develop a complete 
LCI for all residuals.  Although there are limitations, the data available is usable and the ongoing 
research being performed in the US and elsewhere will provide additional data for analysis.  
 
There is also a substantial overall reduction in energy use associated with manufacturing processes 
that use recycled materials relative to those that use virgin materials.  A study on the sustainability 
of solid waste systems should be undertaken that includes the costs that would result if energy 
prices were not subsidized and external costs were internalized into the market price of energy.   
 
The studies looked at in this section have strengths and weaknesses that should be recognized.  
Even though there is somewhat limited data available to evaluate certain parts of the solid waste 
management system, the studies shown here demonstrate that LCI information is available.  Solid 
waste managers can consider use of these efforts to evaluate their management choices.  Appendix 
A provides an example of using a limited set of Washington State data to estimate some LCI-based 
costs of residential curbside recycling in four demographic areas. 
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Table 1. Data Evaluated in Studies 
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US EPA DST24 X X  X X 
AUS Recycling25 X X X X  
MN MSW26 X X  X  
KAB Recycling27 X X  X X 
CSG Packaging28 X X X X X 
MN Utilities Com.29  X X   
Office of Tech. Assessment30  X X   
Market Trades31  X X   

 
Data gaps such as missing downstream data are shown by the "up only" entries in Table 2.  
Coverage of pollutant emissions in the Australian study, as well as the other three studies, is 
indicated by an "x" in each study's column of Table 2.  
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Table 2. Waste System Study Atmospheric & Waterborne LCI Emissions Data  
 
 

Emissions Included in LCI Study 

EPA* MSW 
2001 

AUS 
RCY 
2001 

MN 
MSW 
2000 

KAB 
RCY 
1994 

CSG 
PKG 
1992 

EPA Criteria Air Pollutants      
   1.  Ozone (O3)      
   2.  Carbon Monoxide (CO) both x x x x 
   3.  Nitrogen Oxides (NOx) both x x x x 
   4.  Sulfur Oxides (SOx) both x x x x 
   5.  Particulates less than or equal to 10 micrometers (PM10)     x 
   6.  Particulates less than or equal to 25 micrometers (PM25)      
                 Particulates (Total) both x x x x 
   7. Lead (Pb) both x   x 
Greenhouse Gases Targeted by the Kyoto Protocol      
   1.  Carbon Dioxide (CO2) both x x x  
   2.  Methane (CH4) both x x x x 
   3.  Nitrous Oxide (N2O) both x    
   4.  Hydrofluorocarbons (HFCs)      
   5.  Perfluorocarbons (PFCs)      
   6.  Sulphur Hexafluoride (SF6)      
Additional Greenhouse Gases      
   7.  Chlorofluorocarbons (CFCs)      
   8.  Ozone (O3)      
   9.  Water Vapor (H2O)      
Other Atmospheric Emissions      
   1.  Hydrocarbons (non CH4) both x x x x 
   2.  Ammonia (NH3) both x  x x 
   3.  Hydrochloric Acid (HCL) both x  x x 
   4.  Mercury (Hg)  x   x 
   5.  Aldehydes (including Formaldehyde) up only   x x 
   6.  Hydrogen Fluoride (HF) up only x  x x 
   7.  Chlorine up only   x x 
   8.  Kerosene up only     
   9.  Antimony up only     
 10.  Arsenic (As) up only x    
 11.  Beryllium up only     
 12.  Cadmium (Cd) up only x    
 13.  Chromium (Cr) up only x    
 14.  Cobalt up only     
 15.  Manganese up only     
 16.  Nickel (NI) up only x    
 17.  Selenium up only     
 18.  Acreolin up only     
 19.  Benzene up only x   x 
 20.  Perchlorethylene    up only     
 21.  Trichlorethylene    up only     
 22.  Methylene Chloride up only     
 23.  Carbon Tetrachloride up only    x 
 24.  Phenols up only    x 
 25.  Naphthalene up only    x 
 26.  n-Nitrosodimethlate up only     
 27.  Radionuclides up only     
 28.  Dioxins/Furans  x    
 29.  Copper (Cu)  x    
 30.  Zinc (Zn)  x    
 31.  Hydrogen Sulfide (H2 S)  x   x 
 32.  Chlorinated/Aromatic Hydrocarbons  x   x 
 33.  Metals   x x  
 34.  Other organics    x  
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Table 2 (cont.) 
Waste System Study Atmospheric & Waterborne LCI Emissions Data  

 
Emissions Included in LCI Study 

EPA* MSW 
2001 

AUS 
RCY 
2001 

MN 
MSW 
2000 

KAB 
RCY 
1994 

CSG 
PKG 
1992 

Waterborne Releases      
   1.  Dissolved Solids both   x  
   2.  Suspended Solids both x x x x 
   3.  BOD   both x x x x 
   4.  COD both x x x x 
   5.  Oil both   x x 
   6.  Sulfuric Acid both   x  
   7.  Iron both x  x  
   8.  Ammonia both x x x x 
   9.  Copper both x   x 
 10.  Cadmium both x   x 
 11.  Arsenic both x   x 
 12.  Mercury both x   x 
 13.  Phosphate both     
 14.  Selenium both    x 
 15.  Chromium both x   x 
 16.  Lead both x   x 
 17.  Zinc both x   x 
 18.  Acid up only   x  
 19.  Metal Ion up only   x  
 20.  Phenol up only x  x x 
 21.  Sulfides up only x   x 
 22.  Cyanide up only   x x 
 23.  Nickel up only x   x 
 24.  Chloride up only x   x 
 25.  Sodium up only     
 26.  Calcium up only     
 27.  Sulfates up only     
 28.  Manganese up only     
 29.  Fluorides up only x  x x 
 30.  Nitrates up only x x   
 31.  Phosphates up only  x   
 32.  Boron up only     
 33.  Chromates up only     
 34.  Chlorinated/Aromatic Hydrocarbons  x   x 
 35.  Dioxins/Furans  x   x 
 36.  AOX (adsorbable organic halides)  x    
 37.  Total Organic Compounds  x   x 
 38.  Hydrocarbons   x  x 
WA Dept. of Ecology Persistent Bioaccumulative Toxics      
   1.  Aldrin/Dieldrin     x 
   2.  Chlordane      
   3.  DDT (DDD & DDE)     x 
   4.  Toxaphene      
   5.  Benzo(a)pyrene  x   x 
   6.  Dioxins and Furans  up only x   x 
   7.  Hexachlorobenzene  x    
   8.  Mercury  x   x 
   9.  PCBs  x    

*In the EPA MSW column "both" means that the EPA study provides upstream emissions data for virgin raw materials acquisition 
and refining plus virgin- vs. recycled-content product manufacturing, as well as downstream emissions for solid waste methods.  An 
"up only" means that the study provides emissions data for only the upstream part (raw materials acquisition plus product 
manufacturing) of a waste component's life cycle. 
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Table 3 
LCI Data Availability in EPA's DST Model 

Residential Waste Component Upstream LCI 
Data 

Solid Waste Methods 
LCI Data 

Yard Waste 
1. grass no yes 
2. leaves no yes 
3. branches no yes 
4. food waste no yes 
Ferrous Metal 
5. cans yes yes 
6. other ferrous metal yes yes 
7. non-recyclables no yes 
Aluminum 
8. cans yes yes 
9 - 10. other aluminum no yes 
11. non-recyclables no yes 
Glass 
12. clear yes yes 
13. brown yes yes 
14. green yes yes 
15. non-recyclable, non-container glass no yes 
Plastic 
16. translucent HDPE yes yes 
17. pigmented HDPE bottles yes yes 
18. PET beverage bottles yes yes 
19. LDPE film/bags yes  
20 - 24. other plastic no yes 
25. non-recyclable plastic no yes 
Paper 
26. newspaper yes yes 
27. office paper yes yes 
28. corrugated containers yes yes 
29. phone books yes yes 
30. books yes yes 
31. magazines yes yes 
32. third class mail yes yes 
33 - 37. other paper no yes 
38. non-recyclable paper  no yes 
39. miscellaneous no yes 
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Table 4 Economic Valuation of Atmospheric and Waterborne Emissions ($ / lb)  

Atmospheric & Waterborne Emissions  AUS RCY 2001 CSG PKG 1992/94 MN PUC 1995 OTA REVIEW 1994 MKT TRADES 2000/01 
Atmospheric Emissions 
   Carbon Monoxide (CO) $0.007 $0.48  $0.43 - 0.45  
                - urban   $0.0008   
                - suburban   0.0005   
                - rural   0.0002   
   Nitrogen Oxides (NOx) 1.04 4.53  0.82 - 3.70 0.41 
                - urban   0.34   
                - suburban   0.11   
                - rural   0.03   
   Sulfur Oxides (SOx) 0.12 2.23  0.75 - 0.79  
   Sulfur Dioxide (SO2)    0.88 - 2.13 0.07 
                - urban   0.08   
                - suburban   0.04   
                - rural   0.01   
   Particulates (Total) 2.56 1.30  1.19 - 1.25  
   Particulates (PM) 10    - urban   2.72   
                - suburban   1.22   
                - rural   0.35   
   Lead (Pb) 0.19 528.00    
                - urban   1.75   
                - suburban   0.91   
                - rural   0.21   
   Carbon Dioxide (CO2) 0   .0068 - .012 0.0002 
                - urban   0.0009   
                - suburban   0.0009   
                - rural   0.0009   
   Methane (CH4) 0.26 0.01  0.11 - 0.38  
   Nitrous Oxide (N2O) 0   1.98 - 2.08  
   Hydrocarbons (non CH4) 0.26     
   Ammonia (NH3) 12.47 0.76    
   Hydrochloric Acid (HCL) 2.49     
   Mercury (Hg) 3,915.90 2,464.00    
   Hydrogen Fluoride (HF) 2.49     
   Arsenic (As) 2,317.88 7,477.29    
   Cadmium (Cd) 966.62 1.606.34    
   Chromium - trivalent 0.24 0.74    
                     - hexavalent 22,831.08     
   Nickel (Ni) 231.77 137.89    
   Dioxins/Furans 153,177.31     
                     - 2378-TCDD  42,646,153.85    
   Copper (Cu) 28.55 19.90    
   Hydrogen Sulfide (H2 S) 11.99 11.46    
   Chlorinated/Aromatic Hydrocarbons 1,598.48     
Waterborne Releases 
   Suspended Solids $6.23     
   BOD   0.08     
   COD 0     
   Iron 0     
   Ammonia 1.84 0.76    
   Copper 9.59 19.90    
   Cadmium 215.78 1,606.34    
   Arsenic 11.99 7,477.29    
   Mercury 6,233.72 2,464.00    
   Chromium 335.66     
   Lead 61.54 528.00    
   Zinc 0.56 3.70    
   Phenols 87.91 1.23    
   Nickel 0.04 137.89    
   Chloride 199.81     
   Sulfates 0.12     
   Fluorides 199.81 12.32    
   Nitrates 0.12     
   Chlorinated/Aromatic Hydrocarbons 303.69     
   Dioxins/Furans 74,325.11     
                     - 2378-TCDD  42,646,153.85    
   AOX (adsorbable organic halides) 0.005     
   Total Organic Compounds 0     



Issue Paper 10 24 11/26/02   
 

 
Section 3: 
Barriers to Recycling 
 
Introduction 
 
Current waste management practices have been developed around the concept of “waste” 
as a post-industrial and post-consumer discard; the requirement to deal with the waste 
after it is generated has been the standard protocol  In the early 1990’s, as communities 
faced the challenge of closing facilities that were inexpensive to operate but which did 
not meet new landfilling standards, the need to reduce disposal seemed very obvious.  
The public was aware of a “landfill crisis.” Disposal prices in many places jumped as 
jurisdictions began to pay for waste transport, and for better environmental protection.  
Various communities fought battles over landfill expansions and proposed waste-to-
energy incinerators.  Newly instituted curbside programs were fresh in the public 
consciousness, and people saw a direct connection between the new bins and the overall 
problem.  However, solving the “crisis” eventually exacted a price.  Waste export 
systems removed the pressure to conserve landfill space, and rapidly expanding curbside 
programs increased volumes of recyclable materials, driving down commodity prices.  At 
the same time, the remarkable economic growth of the 1990’s encouraged companies to 
focus on increased volume rather than looking for cost savings that waste reduction and 
recycling could generate on the margin.  As people got used to the new, higher cost of 
solid waste disposal, the disposal price was no longer an incentive to recycle.  For most 
businesses, disposal costs were not a large enough part of their budget to be worried 
about increased waste reduction and recycling while the economy was so hot.  The 
combination of low priority and poor market proces (which raised the cost of commercial 
recycling) stymied commercial recycling efforts.32   
 
A 50% statewide recycling goal has been established for Washington.  Recycling can be 
a key solid waste management method to conserve resources in keeping with the 
principles of sustainability.  Barriers to recycling reduce the recycling rate and act to 
increase the cost of recycling versus disposal.  To move toward sustainability we need to 
look at the barriers to recycling. 
 
This issue paper identifies a number of barriers to recycling.  The solid waste plan will 
support a transition from current waste management practices to an alternative 
sustainable resource management system as a component of economic development.  
This includes a sustainable economic system that is based on resource and energy 
conservation, pollution prevention, waste reduction and material reuse.  This section of 
the issue paper is concerned with materials recycling and, specifically, identification of 
barriers to the improvement and expansion of materials recycling programs.    
 
Current Recycling Practices 
 
Current recycling practices began with a focus on the materials that came from residential 
and business consumption and from commercial manufacturing processes particularly in 
the paper industries.  In recent years, with increased interest in composting and the 
introduction of bans on outdoor burning, yard waste has become the commodity forming 
the highest proportion of the recycled waste stream, rising from 19% of the total tons 
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recycled in 1996 to 30% in 199833.  34  Other highly recycled materials in 1998 included 
corrugated paper, newspaper, mixed waste paper, and ferrous metals.Interest in 
expanding the scope of recycling programs has focused recently on construction 
materials, computers and other electronics, agricultural waste, and other organics. 
 
While environmental reasons are often advocated in support of recycling, today’s 
recycling industry is based largely on traditional economic concepts: the diversion of 
certain commodities from the waste stream for re-sale and profit and, in some situations, 
the avoidance of disposal costs.  In this system, recycling is successful when: 
 

 Collection of recyclables is convenient and efficient 
 Processing facilities are available within reasonable distance from point of 

generation 
 Customers see a demonstrated financial incentive in recycling 
 There is a strong market for the commodity being recycled 
 Sales revenues exceed collection, processing and transportation costs 
 Adequate funding for education and technical assistance is available 

 
Many discrepancies exist between the traditional economic system and the ideal 
recycling model: 
 

 Collection in rural areas may be neither efficient nor cost effective 
 Demand and market prices vary considerably, and sales revenues may not 

consistently cover costs of recycling 
 Municipal public programs that attempt to recycle a broad range of commodities 

have to be balanced with private businesses that selectively take the high-value 
commodities 

 Processing facilities may not be available or may not attract necessary investment 
for state-of-the-art technology 

 Funding for education and technical assistance to businesses has been 
significantly reduced  

 The broader environmental benefits derived from recycling are often not 
understood and certainly not factored into the economics of recycling operations 

 
Types of Barriers to Recycling 
 
A number of regional factors that currently influence the success of recycling in urban 
and rural areas of Washington were identified in issue paper #11 “Recycling.”  These 
regional differences include: 
 

 Economies of scale, related to population density and the level of recycling 
services and facilities that can be economically supported 

 Distance from communities to processing facilities and markets 
 Cost of marketing, and developing markets for, recycled materials 
 Availability of education and technical assistance resources 
 Absence or presence of strong public/private sector partnerships  

 
The Recycling issue paper (#11) suggests that barriers to recycling can be characterized 
as financial, regulatory, political, logistical, and community-based.  The workgroup 
participants for this paper also independently grouped barriers to recycling into the 



Issue Paper 10 26 11/26/02   
 

following categories: infrastructure and markets, acceptance of recycled products, 
manufacturing design for the environment, limitations in current funding options for solid 
waste programs, and the distribution of costs and benefits in disposal and recycling.  
Barriers to recycling are here considered within the following categories: financial, 
regulatory, political, logistical, and community-based. 
 
Financial Barriers  
 
Two types of financial barriers to recycling are 1) funds derived from tax and regulatory 
structures, and 2) funds derived from public funding or private investments.  Because 
these funds are generated in support of the present solid waste system, they create an 
overall barrier to recycling.  This is because increasing the recycling rate will ultimately 
diminish the waste to landfill option on which this funding depends. 
 
In the broadest sense the financial framework for recycling is impacted considerably by 
federal, state, and local financial policies, tax laws or subsidies that may favor one 
industry over another, or that reward the use of virgin resources over material re-use.  
These issues are discussed in detail in the attachment “Tax and Subsidy Barriers to 
Recycling and Sustainability” by Sound Resource Management (Appendix B). 
 
Traditional accounting practices and pricing for waste disposal and recycling, based on 
the existing market system,  may create market prices for these services that act as   
financial barriers to recycling. The cost for waste disposal can be lower than the cost for 
recycling.  This is because such pricing  leaves out important information about human 
health and environmental impact costs..  Appendix A includes an analysis that partially 
examines the inclusion of external costs for curbside recycling versus garbage collection 
and disposal. 
 
Another barrier to effective recycling is the need for increased investment in state-of-the-
art product separation and processing technology, so that recycled materials are more 
cost-competitive with virgin resources.  Although there are now encouraging examples of 
new investments being made as business opportunities are realized, this trend could 
perhaps be helped by a supportive tax structure or subsidy.  For instance, smaller 
communities may be able to support the operating costs of composting but lack the 
capital to build the facility. 
 
Public funds for education regarding the economic and environmental values in recycling 
have decreased.  This is a critical need that may not be fully met by private industry.  For 
example, it has been demonstrated that recycling most construction waste can pay for 
itself in urban areas where processing facilities are often available.  If more public funds 
for education were available this opportunity to increase recycling would be more 
effectively communicated. 
 
Closed-loop recycling includes the purchase of recycled content products.  Barriers to 
purchasing recycled content products may include: 

 Lack of acceptance by consumers of recycled content goods 
 Lack of specifying recycled content products by state and local governments 
 Increased price for these goods 
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There is a perception that citizens increasingly oppose taxes while demanding higher 
levels of public services.  Local government officials are faced with determining funding 
priorities in this environment. The result of this situation is that recycling and other solid 
waste management programs become low priorities, especially in small rural 
communities.  Also, many jurisdictions support comprehensive programs through 
disposal (tip) fees.  Statewide, 95% of county solid waste revenues come from disposal 
fees and reserve fund balances.35  Increased recycling and waste reduction programs cost 
money but also reduce disposal revenues, placing these jurisdictions in a financial and 
programmatic bind.  Moving to non-disposal funding sources has been stymied by 
political opposition to what are perceived as new (rather than replacement) fees. 
 
Regulatory Barriers 
 
There is legal precedence that limits the ability of local or state jurisdictions to participate 
in direct support of market development activities for recycling industries, see Appendix 
B, “Tax and Subsidy Barriers to Recycling and Sustainability.”  Also, under federal law 
commercial recyclables are defined as a commodity and cannot be regulated by state or 
local government.36  Private companies do not tend to invest in commercial recycling 
programs in rural areas because collection costs are very high.  Although local 
governments could provide commercial recycling collection services, they may encounter 
financial barriers as well. 

 
Economic efficiency of recycling collection in unincorporated areas may be impeded by 
the fact that counties can have difficulty in establishing innovative collection programs.  
While a county does have the authority to directly contract the collection of recyclable 
materials from residences and from drop boxes, curbside and drop box collection service 
in rural areas is unlikely to be cost effective unless it is included in the service provided 
by a certificated garbage hauler.  In that case, the collection rate structure approved by 
the WA Utilities and Transportation Commission (WUTC) will be consistent with the 
minimum level of recycling services established in the county's solid waste management 
plan (RCW 81.77.030).  Establishing any major change to a recycling collection program 
conducted by a certificated hauler may involve a county amending its solid waste plan 
and the certificated hauler seeking new rates through the WUTC. 
 
In counties where paying for recycling is mandatory, the current WUTC residential rate-
setting process includes a deferred accounting methodology.  This method returns sales 
revenue from collected recyclables to the customer as an offset to the mandatory 
collection costs.  Legislation recently passed, SHB2308, allows regulated companies, in 
addition to their guaranteed revenue, to keep up to 30% of the additional revenue sharing 
instead of giving commodity credits to customers. The legislation is intended to provide a 
monetary incentive for the private solid waste collection companies to increase the 
amount of material they recycle, and to encourage upgrading the quality of recyclables.  
 
Other findings of the Recycling Assessment Panel37 suggest that local permitting and 
Ecology/Health jurisdiction regulations may un-necessarily restrict the establishment of 
certain industries, or restrict on-site construction job recycling.  Recycling facilities will 
need to accommodate an increase in range of recycled products..  Revising the building 
codes will facilitate the use of recycled materials as building materials.  
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Past Political Barriers 
 
Political barriers in the past have included:  
 

 The difficulty of identifying and modifying federal tax and subsidy policy to 
provide a level playing field for re-use and recycling industries compared with 
virgin materials and extraction industries 

 Existing tax programs  that create impediments to launching new recycling-based 
industries, such as capital gains status for timber sales instead of ordinary income 
status, which results in significantly lower tax rates. 

 The political difficulty of raising or creating new taxes and fees when citizen 
initiatives are encouraging political officials to go in the opposite direction 

 The absence of enough strong public/private sector partnerships between local 
government, collection companies, environmental groups, and waste associations  

 The absence of a clear, widely understood rationale for waste reduction and 
recycling 

Political action may be required to support changes in regulations and in the financial and 
social environment in which recycling has to compete.  These past political barriers 
should be examined to determine which should be addressed in order to support future 
recycling efforts. 

 
Logistical Barriers 
 
Logistical barriers include factors that affect the physical collection and processing of 
recycled materials.  These may include: 
 

 Design and manufacturing policies that enhance product-recycling capability have 
not been implemented by most industries or encouraged by regulation, such as 
ease of disassembly and component content identification 

 Manufacturers do not receive feedback regarding recycling, disassembly or design 
of their product at the end of its life.  This inhibits design for recyclability and 
durability 

 Contract product specifications often specify a source material rather than a 
performance specification for the product; e.g. Department of Transportation 
specifications for landscaping materials may exclude the use of biosolids/yard 
waste composting materials  

 Low population density communities have limited recycling options due to the 
distance to regional industrial centers 

 Inconvenient collection methods discourage participation, e.g. drop boxes instead 
of curbside service, and unnecessarily complex sorting requirements 

 Transportation costs and distance to markets (local, regional or global) 
 Absence of local or regional reprocessing industries for specific materials 
 Technology is either not available or not cost-effective for recycling certain 

commodities 
 
Community-based Barriers 
 
Many of the barriers identified above may also be considered community-based barriers.  
Several additional community-based barriers are highlighted below: 


