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This poster shows earthquakes occurring in Australia in 2016 with a background of Australian
earthquakes over the past 10 years. Also included are images produced as part of the analysis
of the Petermann Ranges earthquakes in Northern Territory, the Norseman earthquake
sequence in Western Australia, the offshore Bowen earthquakes in Queensland, as well as the
yearly summary of earthquake occurrences in Australia in 2016.

For additional information the Australian Seismological Report 2016 provides a summary of
earthquake activity for Australia for 2016 including dedicated state and territory earthquake
information. It also provides summaries of earthquakes of magnitude 5+ in the Australian region
and of magnitude 6+ earthquakes worldwide for 2016.
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Inset A: Petermann Ranges earthquake sequence 2016, Northern Territory. The largest earthquake in this
sequence was a magnitude 6.1 event on 21 May. Inset B: Fault scarp created by the M6.1 Petermann Ranges
earthquake 2016. Inset C: Offshore Bowen earthquake sequence 2016. The largest earthquake in this sequence
was a magnitude 5.8 event on 18 August. Inset D: Norseman earthquake sequence 2016. There were three
events with magnitudes larger than or equal to M5. A M5.0 and a M5.1 event occurred on 28 May less than two
hours apart, followed by the main M5.6 earthquake of the sequence on 8 July 2016.

For Further Information: Andrea Thom
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Ph: +61 2 6249 9073 Web: www.ga.gov.au
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Executive Summary

Municipal Solid Waste (MSW) incinerators have a long history in the United States as a waste disposal sys-
tem and an equally long history of resistance among communities where they are sited. The current state
of MSW incineration seems to be in decline due to a volatile revenue model, aging and costly operation
and maintenance costs, and increasing attention to issues of zero waste, environmental justice and climate
change. Seventy-three MSW incinerators remain in operation in the U.S., not including those currently
designated for closure.' The industry saw at least 31 MSW incinerators close since 2000 due to issues such as
insufficient revenue or the inability to afford required upgrades.

This report examines three major economic vulnerabilities in the MSW incinerator industry. First, construc-
tion and maintenance costs are significant and relatively more capital intensive compared to other forms of
waste disposal. Second, the current pool of MSW incinerators have reached or are close to reaching their
life-expectancy and now require another round of capital investment, often at the expense and risk of local
taxpayers. Third, the industry’s revenue streams are volatile, dependent on competitive tipping fees and ac-
cess to the renewable energy markets. Additionally, the report reveals the relationship between MSW incin-
erators and environmental justice communities as well as the air pollution and potential health risks related
to the incineration industry.

One of the distinct characteristics of garbage incinerators in the United States is that they are often sited in
communities of color and low-income communities, also referred to as environmental justice (EJ) commu-
nities. 58 incinerators, or 79 percent of all MSW incinerators in the U.S. are located in environmental
justice communities.’ The incineration industry represents an affront to environmental justice as they con-
tribute to the cumulative and disproportionate pollution placed on communities of color and low-income
communities.

MSW Incinerators & Environmental Justice Communities

¢

Legend
O No EJ community

O Poverty > 25%
© People of Color > 25%
(]

Both Poverty and -
People of Color > 25%
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Municipal solid waste incinerators rely primarily on revenue streams from tipping fees and secondarily on
energy sales (i.e. steam and electricity). As an example, Covanta Corporation, which controls a large share of
MSW incinerators in the country, gets approximately 71 percent of its revenues from tipping fees and 18 per-
cent from electricity sales.* These two revenue streams are volatile and can undermine the financial stability
of the industry. There is close competition for tipping fees between landfills and incinerators, which means
that in places where landfill tipping fees decline or where volumes of waste decrease, an incinerator’s primary
revenue source can be jeopardized.

Many municipalities are also removing long term “put or pay” clauses from contracts so that they are not
required to deliver a set amount of waste to incinerators over time with a threat of financial penalties. Sim-
ilarly, renewable energy subsidies can change over time, depending on the regulatory and political environ-
ment in each state. This leads to an underlying business model at risk, “As our historic energy contracts have
expired and our service fee contracts have transitioned to tip fee contracts, our exposure to market energy prices
has increased.” (Covanta Annual Report, 2018)° Another factor that contributes to this industry’s potential
decline is the average age of incinerators in the U.S., which is 31 years.® The life expectancy of an incinerator
is 30 years” and upgrading decades-old facilities requires another large capital investment, often paid for or
subsidized by local taxpayers. Municipalities that finance these upgrades or that are required to deliver large
volumes of waste often end up burdening taxpayers, sometimes with ruinous outcomes. Cities like Baltimore,
Maryland;® Harrisburg, Pennsylvania;® and Detroit, Michigan,' all faced debt payments to and lawsuits from
the incinerator industry that threatened their cities’ fiscal stability.

The increasing fixed costs of maintaining and operating incinerators together with competition for tipping
fees can mean that the industry relies on energy sales to stay profitable. But burning trash is one of the most
expensive forms of energy generation in the U.S., costing $8.33/MWh compared to $4.25/MWh for pulver-
ized coal and $2.04/MWh for nuclear, the second and third most expensive forms of energy generation."
Despite these costs and the fact that MSW incinerators produced a negligible 0.4 percent of total U.S. elec-
tricity generation (2015), two-thirds of all the incinerators in the U.S. today have access to renewable energy
subsidies.'? These energy subsidies are coming under increased scrutiny as environmental advocates question
the classification of waste burning, particularly non-biogenic waste, as renewable energy. The introduction
of new carbon pricing policies in states like New York may mean that incinerators, which emit significant
amounts of CO2, will face new financial challenges.

One of the primary reasons that communities oppose new and existing incinerators is their contribution to
air pollution and related health risks. MSW incinerators are relatively large emitters of air pollutants with
some studies showing that they emit several pollutants at a rate exceeding that of fossil fuel power plants."
Incinerators also have associated diesel sanitation trucks that deliver waste and emit air pollution in host
communities. Stack emissions from incinerators include a variety of pollutants harmful to health such as par-
ticulate matter, dioxins, lead, and mercury. Globally, waste disposal, primarily from incineration, contributes
to ~8 percent of the total anthropogenic mercury emissions." The Dirty Dozen lists illustrate the incinerators,
among the 73 in the country, that emit the largest amounts of air pollutants for PM2.5, NOx, Lead, and Mer-
cury. Approximately 1.6 million people live within a three-mile radius of these facilities (See Appendix E)."”
There are 4.4 million people that live within a three mile radius of all 73 incinerators in the U.S. Ten of the
twelve incinerators that emit the greatest total amount of lead emissions (annually), are in environmen-
tal justice communities. Three of the incinerators that emit the largest total amounts of lead (annually) of
all the incinerators in the U.S. are located in Baltimore, Maryland, and in Camden and Newark, New Jersey.
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The incinerator industry is in trouble. These aging facilities are too expensive to maintain, too risky to fi-
nance, and too costly to upgrade. Incinerators in the U.S. operate under volatile economic and regulatory
conditions that threaten their major sources of revenue, tipping fees and energy sales. The current state of
the U.S. incineration industry and its economic and environmental impacts serves as a warning to regions
around the world considering incineration as an approach to solid waste. These facilities can create financial
burdens while generating health-harming air pollution for local communities. Finally, these plants represent
an environmental injustice because they burden communities of color and low-income communities where
they are located. Incinerators are coming under increasing pressure in the United States and around the
world to be replaced with more just and sustainable alternatives to waste management.
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HISTORY OF THE
INCINERATION
INDUSTRY

Municipal solid waste (MSW) incinerators have a long
and troubled history as a waste management strategy
dating back more than a century in the United States.
These facilities have taken many forms over the years
and have faced an equally long history of resistance
among communities where they are sited. While the
trajectory of the industry has waxed and waned in the
last 50 years, the current state of MSW incineration
seems to be in decline.



There are currently 73 MSW incinerators, not in-
cluding those currently designated for closure.'® Col-
lectively, these 73 incinerators burn about 13 percent
of all MSW produced in the United States and have
an annual revenue estimated to be $3.2 billion."” De-
spite these profits, the industry saw at least 31 MSW
incinerators close since 2000."® Closures are largely
due to insufficient revenue and inability to afford re-
quired upgrades.

Most incinerators were built in the 1980s and have
exceeded their life expectancy of 30 years."” The age of
these facilities is a prime contributor to the industry’s
overall decline and a factor in the various equipment
issues and shutdowns that have taken place over the
last decade. The industry has also sought to generate
additional revenue streams through federal and state
classification as a “renewable energy source,” hence
the shift in branding incinerators from “refuse facili-
ties” to “waste to energy” (WTE) plants.

Table 1: Age of MSW Incinerators

Number of Facilities

Year of Construction

1970-1979 3
1980-1989 45
1990-1999 24
2000s 1

While garbage incineration as “waste-to-energy” has
been sold to governments and the public as a tech-
nologically-advanced approach to handling solid
waste, with the bonus of producing energy, relatively
little energy is actually derived from these plants.*
Combined, these facilities produced approximately
0.4 percent of total electricity generation in the U.S.
in 2015.2" In fact, MSW incinerators are expensive
to operate and produce criteria air pollutants like
particulate matter as well as relatively more green-
house gas emissions than coal-fired power plants.”
Approximately 25 percent of the trash incinerated
at MSW plants also remains as toxic ash requiring
landfill disposal.”? Emissions from incinerators in-
clude hazardous air pollutants like mercury, lead,
and dioxins.* The air pollution and associated public
health impacts will be further explored in Chapter 3
of the report and implications around energy pro-
duction will be discussed in Chapter 2.

The history of garbage incineration in the U.S. dates
back more than a century. The first garbage inciner-
ator was introduced in the U.S. in 1885 to dispose

of waste from an army post on Governor’s Island in
New York.” That same year, the first municipal solid
waste incinerator was built in Allegheny, Pennsyl-
vania.** From 1885 to 1908, an estimated 180 waste
incinerators were constructed across the United
States.” These early incinerators were mass burn
plants using specialty furnaces developed by Euro-
pean manufacturers.”® In densely populated areas
like New York City, incinerators were popular due to
the lack of cheap land nearby to develop and expand
large landfills. But the cost of building and operating
an incinerator was also expensive relative to land-
fills.” It has been estimated that by the late 1930s, the
United States had more than 700 garbage incinera-
tors.** In the 1960s, New York City had 22 municipal
incinerators and thousands of incinerators in apart-
ment buildings, burning nearly one-third of all of the
city’s trash.® While use of incinerators continued to
grow in the first half of the 20th century, landfilling
remained a relatively cheaper and more commonly
used option throughout the country.*

Consumption, Waste
Management and the Growth of
the Incineration Industry:

1970s - 2000s

“The U.S. produces more than 30 percent of the
planet’s total waste, though it is home to only 4
percent of the world’s population.™

During the second half of the 20th century, numer-
ous factors impacted how municipal solid waste
was produced, managed and disposed.* One of the
most significant factors driving this was Americans’
growing appetite for consumption fueled in part by
increased marketing to stimulate consumer habits
after World War I1.* This increased consumption
also produced immense amounts of waste. There is a
correlation between increased wealth and waste gen-
eration. Richer countries are far likelier to produce
more waste per capita than poorer countries.*

Production of garbage rose steadily since the 1960s.
The growth in consumption and production of plas-
tics was particularly harmful to public health. Fig-
ure 1 shows total MSW generation and per-capita
generation over the past 60 years. In 1960, Ameri-
cans produced 2.68 Ibs/person/day of waste, a total
of 88 million tons.?*” By 2015, that increased to 4.48
Ibs/person/day and a total of 262.4 million tons of

Incinerators in Decline | Tishman Environment and Design Center



waste.*® The amount of plastics in the waste stream in
1960 was negligible.*® But by 2015, plastics made up
about 13.1 percent,* or 34.5 million tons of the waste
stream."" As Figure 1 illustrates, total MSW genera-
tion grew 199 percent from 1960 to 2015.

Prior to the introduction of plastics, American waste
was primarily composed of organic or biogenic ma-
terials. The introduction of plastics in the consumer
marketplace in the 20th century, while heralded as
an important innovation also introduced new public
health and environmental concerns. The properties,
which popularized plastics, its versatile and durable
qualities, also made disposal difficult.* Most plastic
products produced since the 1950s have not been
recycled but have been landfilled, incinerated, or re-
main as pollution in oceans and waterways.* In fact,
the U.S. only recycles 9.1 percent of plastic waste, less
than the 15.5 percent that is incinerated and some
studies estimate plastics recycling as low as 2%* after
accounting for plastics exportation that is counted as
recycled.*

Studies have shown that recycling plastic saves more
energy than combustion.* Unfortunately, the recent
boom in hydraulic fracturing has aided the growth
of the plastics industry as a surge of natural gas sup-
plies makes plastic production cheaper.”” Figure 3
shows the type of waste generated in the U.S. in 2015

by material. Much of this waste, about 90 percent,
could be reused, recycled, or composted instead of
landfilled or burned.”® As shown in Figure 2, the U.S.
landfills 52 percent of the MSW generated; incin-
erates (“Combustion with Energy Recovery” in the
Figure) 13 percent of MSW; recycles 26 percent; and
composts 9 percent.

The growth in household waste and the increasing
composition of non-biogenic waste directly impacts
incinerator emissions. As MSW incinerators burn
more materials containing toxic chemicals, the sub-
sequent emissions will also include more hazardous
air pollution. In vulnerable communities, where the
U.S. incineration industry is mostly located, burning
waste products with toxic compounds impacts the
health and well-being of people in these overbur-
dened areas. Ironically, these low-wealth areas that
host incinerators tend to contribute the least to the
problem because these households consume less on
average than wealthier households.*

Federal Oversight of the Incineration Industry
Federal oversight and regulation of the incineration
industry has evolved over time through diverse air,
energy, and solid waste related policies. Figure 5 de-
tails this history of federal laws, legal decisions and
regulations pertaining to the incineration industry.

Figure 1: MSW generation rates: 1960 - 2015
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Source: U.S. EPA, Advancing Sustainable Materials
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Landfilling 52%

Figure 2: U.S. MSW Waste Disposal Methods (2015)

Recycling 26%

Composting 9%

Combustion with
Energy Recovery 13%

Figure 3: U.S. MSW Waste By Material (2015)
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Source: U.S. EPA National Overview Facts and Figures on Materials, Waste and Recycling 2015.

In 1970, the United States Environmental Protec-
tion Agency (U.S. EPA) was established as a new
federal agency and the federal Clean Air Act (CAA)
was enacted. Under the CAA, the EPA banned un-
controlled burning of MSW and placed restrictions
on particulate matter.”” The law led to the closure of
many of the older incinerators because they lacked
required emissions controls, which were expensive
to retrofit. The share of municipal solid waste being
processed by incinerators declined from 31 percent
in 1960 (these were primarily incinerators without
energy recovery) to 9 percent in 1980.°' Between
World War II and 1979, the number of incinerators
plummeted from 300 to 67.%

In the early 1970s, as the U.S. EPA expanded research
and guidance on waste management in the United
States, it became clear that the Solid Waste Dispos-
al Act of 1965 was not sufficient to protect human
and environmental health.” In 1976, the federal gov-
ernment enacted the Resource Conservation and
Recovery Act (RCRA) that is still the defining law
regulating solid waste today.* RCRA gave the EPA
authority to regulate and create policies for man-
aging solid and hazardous waste. Landfills became
more tightly regulated.”® Many open dumps shut
down across the country.” Between 1980 and 1986,
the number of landfills went from 20,000 to 6,000.%
These regulations made landfill maintenance more
expensive and over time, helped consolidate waste
management into a smaller handful of larger, well-fi-
nanced private sector companies that could keep
pace with costs.”® Since the enactment of RCRA, state
environmental agencies and county authorities were
charged with implementing solid waste management
laws and issuing solid waste permits.*

The U.S. EPA also created a Waste Management Hier-
archy (Figure 4), which prioritized source reduction
and reuse first, recycling and composting, and then
incineration (energy recovery) and landfilling last.
Many recyclable, compostable and largely biogenic
materials are being burned in MSW incinerators in-
stead of composted, recycled, reused or reduced as
recommended by the U.S. EPAs Waste Management
Hierarchy. One of the central critiques of relying on
large incineration facilities is that they require high
volumes and constant flows of waste to remain prof-
itable. This need for running the facilities at their
maximum capacity undermines more sustainable
and preferable methods of preventing or diverting
waste from burning or landfilling.

Figure 4: US. EPA Waste Management Hierarchy
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Time line of Incinerator Industry Laws & Regulations

1965: Solid Waste Disposal Act (SWDA)

1970: U.S. EPA created through presidential executive order
1970: Clean Air Act (CAA)

1970

1976: Resource Conservation and Recovery Act (RCRA)

1978: Public Utility Regulatory Policies Act (PURPA)
1980

1984: Publishing of the Cerrell Report

1988: Ocean Dumping Ban Act
1990

1990: Implementation of Maximum Achievable Control Technology standards (MACTs), CAA amendment
1992: Energy Policy Act

1994: Oregon Waste Systems, Inc. v. Department of Environmental Quality of the State of Oregon
1994: C&A Carbone, Inc. v. Town of Clarkstown

2000
2010 2007: United Haulers Association v. Oneida-Herkimer Solid Waste Management Authority
2020 2018: Updated Definition of Solid Waste (RCRA, Subtitle C)
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Other regulations and policies enacted in this time
period impacted MSW incineration. The Public
Utility Regulatory Policies Act (1978) allowed in-
vestor-owned utilities to purchase electricity from
independent producers, including MSW incinera-
tors, through power purchase agreements, up to a
limit of 80 MW of electricity.®° This gave incinerators
another source of revenue. In 1988, the federal gov-
ernment stopped the dumping of industrial, medical,
and sewage waste into the ocean through the Ocean
Dumping Ban Act. This narrowed the list of MSW
disposal methods. In 1990, as part of new amend-
ments to the Clean Air Act, officials implemented the
Maximum Achievable Control Technology stan-
dards (MACTs) that limited pollution from MSW
combustion plants.®’ These standards forced plants
to achieve a similar level of emission control “already
attained by an average of the best performing, top 12
percent, sources in each pollutant category”®> While
MACTS helped reduce criteria and hazardous air
pollutants emitted from MSW combustion, there are
still significant emissions that pose a risk to human
and environmental health.®

In the 1980’s the MSW incinerator industry saw a re-
surgence in new facilities. The closure of thousands
of landfills was due to the introduction of RCRA
rules, the energy crisis in the 1970, and the indus-
try’s efforts to rebrand itself as an energy source.
As shown in Figure 6, the proportion of MSW be-
ing combusted with energy recovery systems grew
during the 1980s and 1990s along with the shift to

branding incinerators as ‘waste-to-energy’ plants.

In the late 1990s, cities largely stopped building MSW
incinerators. Communities targeted for hosting in-
cinerators fiercely opposed the siting and municipal-
ities were increasingly wary of the large capital costs
to build and maintain these facilities. Dioxins and
mercury research in the early 1990s helped to inform
the opposition to the incineration industry as pub-
lic concern grew over the link between cancer and
dioxins.** In the 1990s, incinerators were found to
contribute to the growth of mercury pollution in the
atmosphere, while at the same time, the U.S. began
to ban products with mercury due to health risks.

Privatization and Deregulation of Waste

During the 1980s and 1990s, multinational corpo-
rations were able to consolidate their control of the
municipal solid waste system as a valuable commod-
ity.% As new regulations required more capital and
technological capacity to manage larger quantities
of waste, the industry began to regionalize in order
to achieve economies of scale. Private corporations
began to enter this market to create regional systems
for waste transfer, processing and disposal.” By 2000,
four waste management corporations across the en-
tire waste disposal sector (including Waste Manage-
ment and Allied Waste) controlled 85 percent of the
total waste industry revenues.*

Three key court decisions also significantly impacted
the business model for MSW incineration. The deci-

Figure 6: Municipal Solid Waste Management: 1960-2015
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sions in C&A Carbone Inc. v. Town of Clarkstown,
and Oregon Waste Systems, Inc. v. Department of En-
vironmental Quality of the State of Oregon, defined
waste and disposal capacity as commodities and lim-
ited governments’ ability to control the movement
of waste within their jurisdictions.® In 1994, in the
C&A Carbone, Inc. v. Town of Clarkstown decision,
the court found that “flow control ordinances” vio-
lated the Interstate Commerce Clause.”” The town of
Clarkstown signed a contract with a waste process-
ing plant promising at least 120,000 tons of waste per
year. In order to meet their contract, the town passed
a flow control ordinance mandating all city waste be
processed at this designated plant. This provided a
guaranteed revenue stream to the waste processing
company.” Such contracts, called “flow control ordi-
nances” were commonplace, and many incinerators
entered into these contracts with municipal gov-
ernments. In the Carbone case, the Supreme Court
found these mandates or “flow control” ordinances
unconstitutional and defined waste as a commodity
that should not be restricted for the benefit of some
competitors.”” After this decision, two city-owned
incinerators in Ohio, unsure of their ability to meet
financial obligations absent the flow control ordi-
nances, were closed.”

The second decision, Oregon Waste Systems, Inc v.
Department of Environmental Quality of the State
of Oregon, found that surcharges on out-of-state
trash being disposed of at in-state facilities, violated
the Inter-state Commerce Clause.” The State of Or-
egon argued that the surcharge was fairly used so as
to make out-of-state waste producers pay the same
amount for waste disposal as in-state producers.”
But by striking down these surcharges, incinerators
benefited because they could receive out-of-state
trash without additional fees that would make their
facilities less competitive in the waste disposal mar-
ketplace and they could better ensure enough waste
flow to their facilities to be profitable.

In 2007, the Supreme Court returned to the question
of flow control ordinances in United Haulers Associ-
ation v. Oneida-Herkimer Solid Waste Management
Authority. Waste haulers and a trade association sued
the Oneida-Herkimer Solid Waste Management Au-
thority over a flow control ordinance requiring them
to deliver trash to the city-owned facility.” The flow
control ordinance directed waste haulers from Onei-
da and Herkimer counties to dispose exclusively at
facilities under the agency’s control. In a 6-3 deci-

sion, the Supreme Court ruled in favor of the Oneida
flow control ordinance. The Carbone decision pre-
viously ruled that flow control ordinances were un-
constitutional; however, this Oneida decision found
such ordinances constitutional as long as the waste
disposal facility was owned by a public agency.”” In
Carbone, the case centered on flow control that ben-
efited privately-owned disposal facilities. The Onei-
da case made a distinction in the use of flow control
based on the rationale that public agencies have dif-
ferent objectives from privately controlled facilities,
one serves a public purpose and the other threatens
competition among private entities.”

Incineration and Environmental

Justice Communities

The association of communities of color and low-in-
come communities with waste dumps has a long
history of resistance in the environmental justice
movement.” Since publication of the seminal study,
“Toxic Waste and Race in the United States,” in 1987,
studies have continued to show that race is the most
significant predictor of living near a toxic facility
along with income.® In 1984, the Cerrell Report,
commissioned by the California Waste Manage-
ment Board, stated that “All socioeconomic groupings
tend to resent the nearby siting of major facilities, but
middle and upper socioeconomic strata possess better
resources to effectuate their opposition.”®" The results
of this report confirmed the suspicions of environ-
mental justice communities that charged the waste
industry of targeting low-income and communities
of color for facility siting. “The Cerrell Report fit us
to a T, says Mary Lou Mares, one of the leaders of El
Pueblo.”®* One of the distinct characteristics of gar-
bage incinerators in the United States is that they are
often sited in communities of color and low-income
communities, also known as environmental justice
(EJ) communities. The stigma and pollution burdens
from the association of waste with EJ communities
has become a central point of organizing opposition
to incinerators.*

The siting of incinerators and other polluting facil-
ities in environmental justice communities is not
a coincidence but rather it is a product of historic
residential, racial segregation and expulsive zoning
laws®* that allowed whiter, wealthier communities
to exclude industrial uses and people of color from
their boundaries.® While suburbs zoned primarily
for single family, residential developments, cities
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retained and hardened industrial zoning - effectively
depressing land values in areas where people of col-
or and low-income people were pushed to reside.*
Over time, the effect of structural and institutional
racism in the U.S. that relegated people of color to
marginal lands, close to industry and pollution, con-
tinues to be seen today in the patterns of dispropor-
tionate siting of incinerators.

There are many reasons why the co-location of com-
munities of color and low-income communities and
incinerators is worrisome. These communities face
underlying social vulnerabilities due to their so-
cio-demographic status and they are often, already
overburdened with disproportionate amounts of
pollution from a multitude of sources. Incinerators
pose potential health risks for any host communi-
ty, but these risks are particularly pernicious when
one considers the fact that a majority of plants are
located in environmental justice communities that
are contributing the least to the waste problem and
yet are asked to bear the brunt of the larger society’s
consumptive, throw away lifestyles.”” Furthermore,
the racialized nature of land use patterns means that
incinerators are exacerbating environmental racism.
This makes incinerators particularly problematic in
the U.S. context. In addition to incinerators’ implica-
tion in perpetuating environmental racism there are
a variety of reasons why incineration is considered
a “false solution” on the part of environmental jus-
tice and environmental advocates across the country.
These groups cite the following concerns with incin-
erators:

o Health impacts from air pollution associated
with stack emissions and diesel trucks transport-
ing waste. Exacerbation of underlying health
problems such as childhood asthma & cardiac
disease.

« Public debt related to financing the construction
& maintenance of the incinerator can drain local
taxpayers.

« The creation of waste processing hot spots. One
facility is located in the area, it can create a prec-
edent for concentrating other waste-related fa-
cilities nearby due to depressed land values.

« The stigma of being a dumping ground for waste
from wealthier, often whiter communities.

« Decrease in recycling, composting, and waste re-
duction due to perverse incentives to burn more
waste.

o Decrease in property values and commercial
businesses because of stigma and nuisance is-
sues.

« Exacerbation of cumulative impacts from multi-
ple sources of pollution.

One of the critical reasons why incinerators are
particularly problematic in environmental justice
communities is because of their contribution to the
cumulative impacts of pollution in these areas. The
effect of multiple pollutants from many sources and
their interaction with underlying socio-demograph-
ic vulnerabilities in overburdened communities’ re-
sults in what is often termed “cumulative impacts”
“Cumulative impacts” is a framework for thinking
about and assessing the vulnerability of communi-
ties considering both environmental and socio-de-
mographic factors. The California Environmental
Protection Agency (CALEPA) defines the term as:

Cumulative impacts means exposures, public
health or environmental effects from the combined
emissions and discharges, in a geographic area, in-
cluding environmental pollution from all sources,
whether single or multi-media, routinely, acciden-
tally, or otherwise released. Impacts will take into
account sensitive populations and socio-economic
factors, where applicable, and to the extent data
are available.%

Though the federal government does not have an
official designation for “environmental justice” com-
munities, a number of states and municipalities
have working definitions based on race and income
thresholds. These thresholds range from relative
measures compared to state averages or absolute
percentages of racial and income categories within
census tracts or block groups. Based on a review of
these existing definitions and national averages,* the
threshold chosen for this national study falls with-
in the range of percentage thresholds used by other
states or policies (i.e. Massachusetts, New York).”
In order to examine the co-location of MSW incin-
erators and environmental justice communities, the
percent of people who identify as “minority” (ac-
cording the U.S. census definitions’') and the per-
cent of people that are below the federal poverty
level in the census tracts within a three-mile radius
of the plants was compiled from the U.S. EPA’s En-
forcement and Compliance History Online (ECHO)
database.
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The definition selected is based on census tracts 58 incinerators, or 79 percent, are located in
where: (a) the percentage of people living below the environmental justice communities.”

federal poverty rate is above 25 percent OR (b) the 31 incinerators, or 40 percent, are in communi-
percentage of people identify as “minority” is above ties where both the thresholds for poverty AND
25 percent. Some communities met both income and the percentage of people of color is above 25
race thresholds. Most existing environmental justice percent.

definitions use either the race or income thresholds, 48 incinerators are in communities where more
but few require both conditions to determine if an than 25 percent of the population is below the
area can be deemed an EJ community.”” Figure 7 federal poverty level (national poverty rate of 12
depicts the 73 MSW incinerators currently in opera- percent)*

tion in the U.S. and identifies the facilities located in 44 incinerators are in communities where the
environmental justice communities according to this population is at least 25 percent people of
definition. The figure shows: color.

Source: Kim Hunter.
Will Copeland speaking at
Breathe Free Detroit Press
Conference, May 18 2018. %

Detroit Incinerator Closes Down &

Renamed the Detroit Renewable Power (DRP) facility in the 1990s, this incinerator reflects many of the
industry trends across the market with respect to its declining performance, fiscal troubles and its failed ef-
forts to rebrand itself as an energy facility. The scale of the fiscal burden that the facility imposed on local tax
payers was immense — beginning with a $478 million construction bond in the 1980s and then an additional
$179 million bond in the 1990s. Ultimately Detroit paid out over $1 billion to operate a facility that polluted
the community. The facility was the source of sustained and intense community-led opposition from the
time it was proposed until the present day. Groups such as Breathe Free Detroit and Zero Waste Detroit
rallied residents to oppose the public financing and public health burdens that the facility imposed on sur-
rounding E] communities. These groups cited the persistent odor and air pollution violations that emanated
from the plant as the drivers for the push to permanently close the facility.

In January 2019, the Great Lakes Environmental Law Center (on behalf of Ecology Center and Environment
Michigan) issued a 60-day Notice of Intent to Sue the Detroit Renewable Power Incinerator for violating
the Clean Air Act over 600 times in the past 5 years. The threat of this citizen suit, which would likely have
required DRP to invest tens of millions of dollars to come into compliance, was a critical factor in the incin-
erator’s closure, which was announced just days before the groups would have actually filed the lawsuit in
Federal court. Local organizers celebrated the closure of the Detroit incinerator as a community victory that
illustrates the power of long- term, grassroots environmental justice organizing. “We celebrate the closure
of one of the world’s largest incinerators, a facility that has been a bad neighbor for over 30 years, unable to
comply with Clean Air laws and odor restrictions.” (Breathe Free Detroit!)




It is important to note that several of the largest and
relatively most polluting incinerators (incinerators
reporting high total annual emissions for NOx, PM,
Lead, or Mercury relative to all 73 MSW incinerators,
please see Appendix E for more detail) in the U.S. are
in census tracts, within 3 miles, that are predomi-
nantly low-income or people of color communities.
These communities include:

« Honolulu Resource Recovery Venture (Kapolei,
Hawaii) has census tracts within a 3-mile radius
with a population that is 81 percent minority
and 13 percent below the federal poverty rate

o Essex County Resource Recovery (Newark,
New Jersey) has census tracts within a 3-mile
radius with a population that is 71 percent mi-
nority and 37 percent below the poverty rate

o Palm Beach Renewable Energy Facility #1 (West
Palm Beach, Florida) has census tracts within a
3-mile radius with a population that is 56 per-

cent minority and 34 percent below the federal
poverty rate

o Wheelabrator Baltimore (Baltimore, Maryland)
has census tracts within a 3-mile radius with a
population that is 66 percent minority and 50
percent below the federal poverty rate

For more detailed information on where incinerators
are located in relation to environmental justice com-
munities, refer to Appendix A. Most of the existing
incinerators in the U.S. are located in environmental
justice communities that are disproportionately im-
pacted by other polluting facilities. Many environ-
mental justice organizations are actively involved
in the advancement of alternatives to incineration
which can provide economic and environmental
benefits to their communities. In the next section,
the economic vulnerabilities of the industry will be
explored in detail.

Figure 7: MSW Incinerators and Environmental Justice Communities
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Source: Global Alliance for
Incinerator Alternatives
(GAIA)

Environmental Justice
Communities Advance
Zero Waste &

Just Transition Solutions

Environmental justice communities that host incinerators are not only opposing existing facilities, they are
leading the way on alternative solutions to waste disposal. EJ organizers are proposing practical pathways
toward phasing out incinerators and establishing zero waste systems. The zero waste goals proposed by E]J
organizations include advocating for policies such as pay-as-you-throw, financial incentives for waste re-
duction, recycling, and composting, mandates for worker safety, and ensuring democratic participation of
residents.

In Baltimore, resident activists are developing a Zero Waste Implementation Plan that phases out the Wheela-
brator Incinerator and replaces it with alternative waste diversion industries like composting. The Plan de-
fines the problem of incineration through a health, equity and racial justice lens and also details policy goals.
EJ activists are building their network through the Fair Development Roundtable where they are advancing
zero waste goals and community land trusts. The organizers will also support demonstration projects that
highlight the deep commitment of residents to environmental sustainability by increasing composting and
recycling as well as green space stewardship.”

EJ organizations are also deploying “Just Transition” principles in their efforts to move away from incinera-
tion towards zero waste goals. Just Transition refers to a set of principles, processes and practices of shifting
economic and political power from an extractive economy toward, “a low-carbon and climate-resilient econ-
omy that maximizes the benefits of climate action while minimizing hardships for workers and their com-
munities.”*® At the core of this approach is the fair treatment of workers in the transition, so that those that
have been most negatively impacted by polluting practices in the past, directly benefit from future economic
opportunities. In Detroit, local groups, including Breathe Free Detroit, sought protections for workers and
residents as part of their campaign to shut down the Detroit incinerator.” They engaged with the city to hold
it accountable for worker protection and raised funds for former employees.

Gentrification is another potential threat to local residents once an incinerator closes. EJ groups are raising
awareness of the potential adverse impacts of the decommissioning process for shuttered incinerators and
advancing Community Benefits Agreements (CBAs) to ensure that future development does not displace
local residents. In Commerce, California, East Yard Communities for Environmental Justice is closely mon-
itoring the decommissioning process after successfully advocating for the closure of the Commerce Refuse
to Energy Facility.”®
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Chapter 2:

ECONOMIC INDICATORS
OF DECLINE IN THE
INCINERATOR INDUSTRY

The municipal waste incineration industry has profited by
branding itself as a sustainable waste management and re-
newable energy industry. However, the industry relies on a
risky business model that is costly to run and maintain as it
ages, produces air pollution and toxic ash, and is dependent
on public taxpayer dollars, which is ultimately not sustain-
able. The incineration industry in the United States is esti-
mated to earn about $3 billion annually in gross revenue®
and is expected to reach $4 billion in 2019.' Despite these
profits, the industry faces serious economic challenges.



Two companies, Covanta and Wheelabrator, domi-
nate the industry with 54 of the 73 “waste to energy”
facilities under their control.'”! Incinerators are ex-
pensive to operate and maintain and “the industry’s
performance is highly dependent on [...] local and
state government investment.”'> The incinerator in-
dustry relies on competitive tipping fee revenues and
energy sales for a large proportion of its revenues.
In order to secure funds from the sale of energy, the
industry lobbies policymakers to secure access to tax
credits, subsidies, power purchasing agreements, net
metering, renewable energy credits and loan assis-
tance through classification as a “renewable energy”
source.'” Even with these government supports;
the industry still struggles to meet annual revenue
demands. The vast majority of closures which took
place over the past decade were due to economic
losses.'™*

Figure 8 illustrates the financial structure of a typical
MSW incinerator, showing capital investment sourc-
es, fixed and variable costs, and sources of revenue.
Industry vulnerabilities are present in each of the
quadrants depicted in the schematic. Incineration
companies typically secure financing for the large
capital costs of construction by securing publicly is-
sued bonds or private loans. Wall Street firms have
capitalized on this industry in which they profit from
fees involved in structuring bonds that provide cap-
ital to build MSW incinerators. Between 1982 and
1989, Wall Street “floated $13.5 billion in bonds to
build garbage incinerators and investment bankers
earned nearly $200 million in fees

To get this financing, incinerator firms typically have
to show evidence of economic viability by securing
large, long-term sanitation contracts from county
and municipal governments or other large institu-
tions that can guarantee constant volumes of waste.
Facilities built since the 1980s are relatively larger in
size in order to guarantee enough volume of waste to
be profitable. Incinerator revenues are derived large-
ly from tipping fees; thus, these sanitation contracts
are critical to their profitability.'*®

Despite rebranding themselves as energy companies,
incinerators are primarily waste disposal companies.
In addition to tipping fees, incinerators also sell
steam and electricity as well as metal recovered from
ash. The sale of energy from these plants has become
another important stream of revenue as facilities
capture more generous subsidies from the sale of

electricity under the category of renewable energy.
Energy sales account for approximately 20-30 per-
cent of revenues and help cushion against decreases
in tipping fees. As the 73 remaining incinerators age,
the maintenance and upgrading costs also tend to in-
crease and jeopardize a facility’s profitability.

This report examines three major economic vulner-
abilities in the MSW incinerator industry. First, con-
struction and maintenance costs are significant and
relatively more capital intensive compared to other
forms of waste disposal. Second, the current pool
of MSW incinerators have reached or are close to
reaching their life-expectancy and now require an-
other round of capital investment if they are going to
continue operations, often at the expense and risk of
local taxpayers. Third, the industry’s revenue streams
are volatile, dependent on competitive tipping fees
and access to the renewable energy market.

Construction and

Maintenance Costs

Incinerators are risky investments for cities'”’, high-
ly capital-intensive, and the most expensive form of
garbage disposal. In order to raise the capital needed
to build a new facility, companies often require as-
sistance from government through various subsidies
(companies typically qualify for some of these sub-
sidies by being designated as ‘electricity-generating’
facilities) including access to low or no-cost munici-
pal bonds.'* Incinerator firms must first prove prof-
itability to potential investors and local governments
through executed service agreements with local gov-
ernments, private waste haulers, and electricity pur-
chasers.

According to the U.S. Environmental Protection
Agency, construction of an average-sized incinera-
tor can cost approximately $100 million.'” However,
construction costs often run well beyond $100 mil-
lion. An MSW incinerator proposed for the Finger
Lakes region of New York was estimated to cost $365
million to build and would have burned 2,640 tons of
trash per day.''® This facility proposal was halted in
March 2019 because of community opposition and
local lawmakers’ concerns about the environmental
and economic risks of the plant. High costs and com-
munity opposition have prevented hundreds of facil-
ities from being constructed since the 1980s.""! Only
one facility in the U.S. has been built this century, the
Palm Beach Renewable Energy Facility #2 in Florida.
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Figure 8: Schematic of an MSW incinerator’s financial structure
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This facility was built in 2015 and is owned by the
Solid Waste Authority (SWA) of Palm Beach County
and operated by Covanta.'? It cost $672 million to
build and burns 3,000 tons of trash per day.'”®

Historically, municipalities issued bonds and used
the proceeds to finance construction costs of a new
facility. Although this is normal practice for states,
counties, and cities looking to borrow money for ma-
jor public projects like roads, schools, and hospitals,
incinerator projects have proven to be risky public
ventures. Christopher Taylor, formerly head of the
Municipal Securities Rulemaking Board, told Reu-
ters, in 2010, when reporting on the Harrisburg, PA
incinerator, that, “anybody who studied incinerator
bonds for the last 30 years would find most of them
had great difficulties, if not defaults.”"'* The proceeds
from bond sales are provided to the constructing
company as a tax-exempt loan, anticipating that the
bond debt will be repaid over time with revenues
generated from tipping fees and electricity sales or
from taxes.'”® One of the reasons Palm Beach Coun-
ty, Florida decided to support financing the con-
struction of such an expensive facility, was in order
to extend the life of their landfill by sending ash to
the landfill, instead of solid waste.''¢

The large municipal bonds associated with incinera-
tors are paid by local taxpayers and put municipali-
ties at financial risk during construction and opera-
tion of an MSW incinerator. While incinerators may
earn money for the owner/operator, costs are often
borne by the public in the form of public financing
and fees."” If the plant is unable to raise enough reve-
nue through tipping fees or electricity sales to service
the debt, taxpayers may be on the hook for the debt.
In some cases, property taxes may be used to service
the debt from construction."® At the Wheelabrator
Westchester incinerator in Westchester County, New
York, the county levied a property tax for solid waste
services that provided $44 million in revenue to the
incinerator company, or roughly 60 percent of the
public solid waste budget, in 2009.""

Larger plants provide economies of scale that may
make profitability more secure. It has been estimated
that a larger facility may cost an average of $10/ton
less to operate.'” For host communities, larger plants
mean increased air pollution from stack emissions
and diesel sanitation trucks that service incinera-
tors. The size of a WTE facility is dependent on the
availability of MSW to burn and the ability to sell the

net electrical generation.' At the Palm Beach Solid
Waste Facility’s Renewable Energy Facility #2 incin-
erator in Florida, the county planned to import waste
from out-of-county waste haulers and therefore
constructed a facility with excess capacity, meaning
it was built to handle more waste than Palm Beach
County alone produced. SWA and its operating part-
ner planned to issue lower tip fees to out-of-county
waste haulers than Palm Beach residents would pay,
as an incentive to send their waste to the new facility,
essentially putting residents in the position of sub-
sidizing waste disposal for other municipalities.'*?
This is a common practice, where facilities original-
ly constructed via local bonds by county solid waste
authorities with the purpose of handling the waste
from municipalities in that county are constructed
much larger than the volume of waste generated by
the county. Communities that host these facilities
are asked to not only bear the brunt of the pollution
from the regional waste-shed, but also the debt and
sometimes even disproportionate fees for waste out-
side their area.

Many incinerators negotiate contracts, or service
agreements, with multiple municipalities in the re-
gion and/or private waste haulers to secure enough
waste on a daily basis to feed the incinerator and
raise enough revenue to stay in business. Historical-
ly, service agreements were executed for 20-30 year
terms.'? Municipalities may take these risks with the
promise of reduced tipping fees for the host commu-
nity and may be able to receive a “host fee,” that re-
turns some revenue to the municipality. For instance,
Covanta pays Hempstead Town in Long Island, New
York, an annual $7.7 million host fee for allowing
them to operate the facility."* Harrisburg, Pennsyl-
vania, also collects approximately $250,000 a year as
a host fee from its incinerator, which according to
state law is supposed to be used for environmental
improvements.'*”

One of the worst examples of the financial burden
that incinerators can have on municipal finances is
the Detroit incinerator. In March 2019, operators of
Detroit’s infamous incinerator abruptly announced
its closure. Detroit’s incinerator struggled through
decades of financial woes. In 1986, a total of $438 mil-
lion was issued in bonds to build the facility, which
opened in 1989 under city control.'* At the time
of closure, Detroit Renewable Energy CEO Todd
Grzech reported, “...when we looked at it, there was
just not enough money in the world to be a good neigh-
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bor, create value for our customers and go forward as
a business entity. It just doesn’t all match up.”'* After
more than 30 years, the Detroit incinerator ended up
costing local taxpayers close to one billion dollars to
construct, operate and maintain over time due to the
significant debt financing that was paid on the orig-
inal bonds.

In addition to the high capital costs for construction,
MSW incinerators are very expensive to operate and
maintain and may leave operators/owners with tight
margins and operating deficits. The U.S. Energy In-
formation Administration reports that the fixed op-
erating and maintenance (O&M) costs for running
an MSW incinerator makes it the most expensive
way to generate electricity.'” In order to estimate
the Annual Operating and Maintenance Costs for an
average MSW incinerator, three methods were used:
(1) the World Bank estimates of operation and main-
tenance costs for a median size incinerator based on
average tonnage and tip fees, (2) the U.S. Energy In-
formation Administration (EIA) estimates of waste
burning based on costs per kilowatt-year, and (3) an
example case of the York County Resource Recov-
ery Facility in Pennsylvania using publicly available
financial records. Table 2 summarizes these methods
and the resulting estimates of operation and main-
tenance costs (see Appendix B for complete calcu-
lations).

According to the three different methods, average
operation and maintenance (O&M) costs for incin-
erators fall within a range of $17-$24 million annu-
ally. These fixed costs are relatively high in relation
to the profit margins that incinerators like the York
facility may expect on average. In order to compare
the profit margins and fixed costs that most incin-
erators face, Table 3 summarizes the annual revenue
and expenses for the York County Resource Recov-
ery Facility in Pennsylvania. This is a 30-year-old,
mid-sized facility publicly-owned and privately-op-
erated by Covanta. Pennsylvania treats trash burning

as ‘renewable energy’ through its net-metering poli-
cy and Renewable Portfolio Standard. The facility has
the capacity to incinerate 1,344 tons of waste per day
and its tipping fee is $62 per ton,'® which falls in the
average range for MSW incinerators. Its gross annual
electricity generating capacity is 42 MW. This facili-
ty was selected because its annual waste capacity is
close to the median value of all MSW incinerators,
and since it is publicly owned, its financial reports are
publicly available.

The profit margins of this plant are notably thin at
approximately $1.2 million annually. Without elec-
tricity sales totaling over $9 million, the facility
would not raise enough revenue from tipping fees to
meet annual operating and maintenance costs. This
case study illustrates the incinerator industry’s in-
creasing reliance on electricity sales to cushion their
tipping fee revenues and offset the potentially in-
creasing O&M costs as the plant ages. If tipping fees
fall by as little as 15-20 percent, or the O&M costs
increase by the same amount, the facility would no
longer be profitable. Some municipalities are forced
to cover operating deficits for failing incinerators. In
2016, Covantass Pittsfield Resource Recovery Facility
threatened to close its Pittsfield, Massachusetts fa-
cility because of high operating costs and declining
profitability. Pittsfield lawmakers passed incentives
totaling $562,000, coming from an economic devel-
opment fund, for the company to stay open for at
least another four years.'*

Life-Extension of Incinerators

Most MSW incinerators currently in operation today
were built in the 1980s. The average age of these fa-
cilities is 31 years'' yet the average life expectancy of
an incinerator is 30 years."”* Upgrading decades-old
facilities requires another large capital investment,
often paid for or subsidized by local taxpayers. The
age of these facilities can be a major contributor to
equipment breakdowns, shut downs, fires and per-
mitting violations under the Clean Air Act. Upgrad-

Table 2: Cost Calculations for Average Annual Operation & Maintenance Costs for MSW Incinerators

SOURCE ESTIMATE OF O &M (ANNUAL $)

World Bank estimates for median size incinerator
based on tonnage & fees?’®

U.S. EIA estimates of waste burning costs per kilo-
Wcltt-geclr279

York County Resource Recovery Facility

(1,050 tons/day x 365 days x $44-$55/ton) =
$17 million - $21 million

$392,820 X 61 MW =
$24 million

Publicly available financial records?’

$20,440,360
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Table 3: York County (PA) Incinerator Revenues & Expenses (2017)

REVENUES (ESTIMATE)

Tipping Fees $24,320,550
Electricity Sales $9,350,730
TOTAL $33,671,280

EXPENSES (ESTIMATE)

Operation & Maintenance  $20,440,360
Processing Fee $716,640

Misc. Operating Costs $11,330,020
TOTAL $32,487,020

ing air emissions control technology is particularly
expensive and requires large capital investments,
typically generated from additional municipal bonds.
Municipalities that finance upgrades with bonds use
the proceeds from the bonds to loan to the operating
company. For example, in Niagara Falls, New York, a
Covanta-owned facility received $165 million from
the municipality for upgrades in 2012, which served
as a tax-exempt loan for the company.'” In 2015,
Niagara Falls Covanta received two new fixed rate
tax-exempt corporate bonds totaling $130 million."**
At the Essex County facility in Newark, New Jersey,
the Essex County Improvement Authority issued
$90 million in bonds in 2015, to mature in 2045, to
finance the upgrade of the facility’s emissions con-
trol technology to a baghouse.*” Covanta’s Delaware
Valley facility in Pennsylvania accessed $40 million
in public bonds and partially used it to refinance the
debt from upgrading projects at its facility."** In Red
Wing, Minnesota, a $12.54 million upgrade for the
incinerator will be funded by Xcel Energy and the
City of Red Wing, with 62 percent of the total cost
covered by the City."”’

The most infamous example of financially ruinous
investments in incinerator upgrades can be found
in Harrisburg, Pennsylvania. Between 1969 and
2003, the City of Harrisburg issued 11 sets of bonds
to build, expand or repair the incinerator facility. In
2003, due to excessive dioxin emissions, the U.S. EPA
threatened to shut down the plant."*® By this time, the
facility already held more than $100 million in debt.
Instead of shutting down the facility, then Mayor,
Stephen Reed, and his administration chose to retro-
fit it using $130 million in city-backed debt. This debt
became a financial nightmare for the city leading to
a major budget deficit that caused government lay-
offs, a 17 percent increase in property taxes and an
attempt at Chapter 9 bankruptcy.'*’

A court decision blocked the bankruptcy.'** However,
the Governor intervened and declared a fiscal state of
emergency. In 2018, the state filed a lawsuit against
responsible parties, including law firms and private

investors, who made millions of dollars in fees from
structuring this financial debacle. At the time the suit
was filed, Governor Tom Wolf released a statement:

“It is time to hold those responsible for the failed
incinerator debt scheme accountable and recoup
the taxpayer dollars wasted by their negligence and
deception. This project, started in 2003, represents
the worst of how lobbyists and special interests bill
taxpayers for their own gain.”*!

Fire and Accidents

As incinerator facilities age, the incidence of equip-
ment failure or poor operating practices can lead to
fires, failures or other accidents at the facility. Flam-
mable, reactive or toxic materials may enter the in-
cinerator via the tipping floor where trucks dump
materials before entering the furnaces. These materi-
als may ignite on the tipping floor or in the pit where
sparks from materials such as a decaying battery,
or spontaneous combustion of organic material.'*?
During incineration, chemicals that are incompati-
ble might react and generate heat or produce flam-

The Harrisburg Incinerator on South 19th St.
Source: PennLive, Paul Chaplin, The Patriot News/file.
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mable, toxic, or inert gases or mixtures that produce
toxic substances, fires, or explosions. These incidenc-
es may indicate poor management and declining op-
erations within a facility.

Even if facilities are upgraded, the risks of fires, acci-
dents, equipment failure, and breakdowns can per-
sist. The Montgomery County Resource Recovery
Facility in Dickerson, Maryland, is 22 years old and
among the newest MSW incinerators in the country.
In recent years, however, it has experienced increas-
ing equipment issues and at least six waste pile fires
between 2015 and 2017.'** The waste-to-energy facil-
ity in the city of Hartford, Connecticut was the pri-
mary waste facility for the state but was fully offline
after both turbines broke on November 5th, 2018. An
estimated 20,000 tons of waste had to be stored in-
doors and pre-processed waste was also held in out-
door containers, in violation of state permits.'** The
facility’s aging equipment is prone to unplanned out-
ages and Connecticut’s quasi-public agency, the Ma-
terials Innovation and Recycling Authority (MIRA),
previously warned state officials that it would be un-
able to bear the costs of needed upgrades.'** Accord-
ing to MIRA officials, member municipalities could
see tip fees increase from approximately $72 per ton
to $83 per ton by March 1, 2019, to help offset the
millions of dollars in extra costs generated by the
equipment failure.'*

The federal government does not collect or maintain
a central repository of reports on fire incidences or
other accidents in the incineration industry. In order
to compile information on incinerator fires and acci-
dents, a search of local newspaper articles reporting
these incidences in nearby facilities was tabulated.
Four notable incinerator fire accidents were identi-
fied since 2008; (1) Montgomery County Resource
Recovery Facility in Maryland; (2) Covanta Fairfax
County incinerator in Virginia, (3) Spokane City
incinerator in Washington, and the (4) Bay County
incinerator in Florida.

In December 2016, there was a trash fire inside the
Montgomery County Resource Recovery Facility (24
years old, burns 1,800 tons MSW/day) in Maryland
which lasted almost two weeks. A “tower of trash
eight stories high and 200 feet wide” caught fire in
the 30-foot-deep storage pit. The county warned
residents living within a mile of the plant to stay in-
doors or leave the area if they had asthma, lung or
heart issues.’” The Covanta Fairfax County incin-
erator in Virginia (29-years old facility, burns 3,000
tons MSW/day) experienced a fire that lasted multi-
ple days in February 2017, causing regional concern
about air quality. Fire investigators determined that
the fire originated on the tipping floor of the building
and extended to the holding pit which was filled to
capacity at three stories high."*®

Source: Photo taken by Ari Herzog at Haverhill Resource Recovery Facility in Haverhill, Massachusetts, September 17, 2008.
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Vulnerability in Revenue Stream
The incineration industry in the U.S. operates in a
volatile economic and regulatory environment. The
industry’s profit margins are tight, and they rely on
steady streams of waste with accompanying tipping
fees and generous energy subsidies to ensure their
profitability. According to Covanta’s 2018 Annual
Report,

“We also expect that an increasing portion of sys-
tem capacity will be contracted on a shorter term
basis, and so we will have more frequent exposure
to waste market risk...As our historic energy con-
tracts have expired and our service fee contracts
have transitioned to tip fee contracts, our exposure
to market energy prices has increased.”*

This volatility coupled with debt burdens and fixed or
increasing maintenance and operating costs makes
this industry particularly vulnerable to decline as
incinerators reach the limits of their life expectancy.
Municipal solid waste incinerators rely primarily on
tipping fees and secondarily on electricity sales for
revenues. As an example, Covanta (which owns 22
facilities and operates 39 facilities in the U.S.), on av-
erage, derives its revenues: 71 percent from tipping
fees, 18 percent from electricity sales, 5 percent from
metal recycling and 6 percent from “other” (i.e. rev-
enues derived from construction revenues, resale of
purchased energy, fees from operating transfer facil-
ities, etc.).!™ This distribution of revenues seems to
be common among the industry and electricity sales
have become an important component in shoring up
the profitability of the industry as waste volumes and
tipping fees fluctuate. But the market for WTE elec-
tricity as a “renewable” energy has also fluctuated as
regulatory environments shift. If renewable energy
subsidies decline or become unavailable, inciner-
ators may quickly go out of business. Additionally,
if new climate mitigation policies that regulate, or
price carbon are applied to the incineration industry,
it threatens the economic viability of these plants.

Tipping Fees

Tipping fees are the most significant revenue for
MSW incinerators and represent one of the most
vulnerable parts of their revenue stream. “Tipping
fees” or gate fees, are charged by a waste disposal site,
such as an incinerator or landfill, to a municipality
or private waste hauler for each tonnage of waste de-
posited at the site. Incinerators are dependent on a
steady waste volume and seek to burn waste at their

maximum capacity to remain profitable. The more
trash they burn, the more revenue they can generate.
These tipping fees vary greatly from facility to facili-
ty depending on a variety of factors. One important
factor is the going price in regional markets where
tipping fees at landfills, which are direct competitors
for incinerators, can set the lower boundary for fees.
If a city or hauler has the option to dump its waste in
an incinerator or in a landfill, they will often turn to
the lowest cost option in their locality (factoring in
transportation costs).

Thus, landfill tip fees are important markers that can
outcompete incinerators for trash volumes. Tip fees
also vary across the country based on the amount of
available, cheap land for landfills. According to Solid
Waste Environmental Excellence Protocol (SWEEP)
2016 tip fee survey, the average landfill tipping fee
was $49, and the following regional trends persist-
ed: “Regional trends remained the same, with the
highest costs in the Northeast and the lowest in
the West. Approximate average tip fees at the end
of 2016 were $78 in the Northeast, $57 in Pacific
states, $48 in the Midwest, $41 in the Southeast and
$35 in the West.”"" In places where tipping fees at
landfills decline or where volumes of waste decrease,
incinerator tipping fee revenues can be jeopardized.
For example, in New Jersey, Covanta recently closed
their Warren County Resource Recovery Facility be-
cause of the decline in tip fees as reported in their
2018 Annual Report.'

Tipping fees can also vary across different sanita-
tion contracts within the same facility. For instance,
trash hauled from Olmsted County to the Rochester,
Minnesota facility is set at $83 per ton."””* Yet waste
haulers from Dodge County to the same facility pay
about $108/ton or 30 percent more. Dodge County is
further away at 23 miles from the facility, while OI-
msted County is roughly 7 miles away. In order to
ensure incinerators raise enough revenue through
tipping fees, municipalities often agree to “put or
pay” clauses with incinerators. These clauses stipu-
late that communities must supply a certain amount
of waste or pay a penalty. This guarantees a set rev-
enue stream regardless of the quantity or quality of
waste delivered, and it creates a significant financial
obligation for the city. These clauses are also criti-
cized by environmental advocates who point to the
perverse incentives embedded in these agreements
to undermine diversion of waste to more sustainable
disposal options like composting or recycling. One
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example of the financial costs and perverse incen-
tives that these clauses create for waste diversion can
be found in Honolulu, Hawaii. The City of Honolulu
has a 20-year “put-or-pay” contract with the Covanta
incinerator (HECO) to deliver 800,000 tons of waste
annually to the facility or face steep financial penal-
ties.

“From 2013 to 2016, the city had to pay Co-
vanta over $6.2 million, according to an audit
(PDF) of the city’s recycling program released in
October. Honolulu could save $7 million in dispos-
al costs and generate $29.5 million in revenue by
diverting its plastic and paper recycling from the
H-POWER facility. The city also has a profit-shar-
ing arrangement with Covanta for energy sold to
HECO, which some see as a perverse incentive to
produce more waste rather than less.”*

In April 2019, Wheelabrator filed suit against Balti-
more County for breaching their sanitation contract
by not sending enough waste to their facility and
claiming defendants caused over $32 million in dam-
ages.' “Put or Pay” clauses lock a municipality into
generating waste at levels that do not allow for mean-
ingful increases in diversion or waste reduction, fol-
lowing the U.S. EPAs waste hierarchy. A 2011 study
found 65 percent of incinerated waste could have
been recycled or composted.'*® Burning trash direct-
ly conflicts with recycling and composting goals and
is a hindrance to local and state Zero Waste targets.'>’

Some cities have caught on to the financial and envi-
ronmental burden of these “put or pay” clauses and
begun re-negotiating contracts. For example, the
City of Bridgeport, Connecticut, previously had a
“put or pay” contract with the Wheelabrator incin-
erator but in 2018, when a new contract was signed
with the company the city removed this clause. The
Housatonic Resources Recovery Authority Executive
Director in Bridgeport emphasized that the contract
“creates no risk of financial exposure to the town,’
explaining that eliminating the practice of put-or-
pay as one of the major advantages of this new con-
tract."®

In order to better understand the vulnerability of
incinerators to price fluctuations in tipping fees, the
fees for 54 of the 73 MSW incinerators were com-
piled (Tip fees for 19 facilities were not publicly dis-
closed or available. For a complete list of tip fees and
source information please see Appendix C)."** Using

these fees, the average incinerator tipping fee nation-
ally was estimated to be about $65.35/ton. The na-
tional average for landfill tipping fees is approximate-
ly $51.82/ton.'®® However, the national average for
landfill tipping fees for states with incinerators was
estimated to be higher at $63.26, as shown in Table
5. Tipping fees for incinerators range from $15/ton
of waste for Detroit’s former incinerator to as high as
$130.55/ton for Covantas Essex County incinerator
in Newark, New Jersey (this tip fee is for some haul-
ers bringing waste from outside of Essex County).
The market for waste disposal is regional and many
waste haulers export waste to other states, particu-
larly in the Northeast where there is less available
landfill space. This dataset represents an estimate of
the tipping fee market at a state scale, but regional
tipping fees may diverge from this.

Table 4 compares average landfill tipping fees to esti-
mated average incinerator fees by state. In about half
the states, the difference between the average land-
fill tipping fee and the average incinerator-tipping
fee is relatively small, which means incinerators in
these markets are likely competing head to head with
landfills for waste. If incinerator tipping fees increase
or landfill fees drop, incinerator revenues could be
jeopardized.

“The biggest impediment for us is cheap landfill-
ing, particularly in the middle part of the country,”
Covanta’s Van Brunt says. Tipping fees can be as
low as $20 per metric ton in land-rich states like
Oklahoma. More densely populated coastal re-
gions tend to have more waste-to-energy facilities
because of their landfills’ relatively high tipping
fees—more than $70 in parts of New Jersey, for
instance.”'!

Hawaii, Massachusetts, Maryland and New Hamp-
shire have much higher landfill fees than incinerator
fees. This may be due to a lack of landfills or avail-
able landfill space within a state, or regionally. The
costs of exporting waste might also be much high-
er, adding to the relative cost of landfilling. Hawaii,
for example, will pay much more for out of state ex-
port of waste to landfills than a state in the middle
of the US. In Minnesota, New Jersey, Washington,
and Wisconsin, incinerator fees appear much higher
than landfill fees. Northeast states have some of the
most expensive landfill and incinerator tip fees. This
is likely because of the high volumes of waste and
shortage of available land compared to other parts of

26

Incinerators in Decline | Tishman Environment and Design Center


https://www.honolulu.gov/rep/site/oca/oca_docs/City_Recycling_Program_Final_Report_rev._102717.pdf
https://www.honolulu.gov/rep/site/oca/oca_docs/City_Recycling_Program_Final_Report_rev._102717.pdf

Table 4: Average Landfill Tip Fees Compared to Average Incinerator Tip Fees by State

Difference
Between Average
Landfill &
Incinerator Fees

# Incinerators Incinerator Tip

Fee Data Points

Average
Incinerator

Average
Landfill
Tip Fee (ii)

Tip Fee (i)

Alabama 1 1 $40.00 $33.49 ($6.51)
California 2 $59.50 $58.42 ($1.08)
Connecticut 5 3 $65.67 NA NA
Florida 11 9 $55.36 $54.67 ($0.69)
Hawaii 1 1 $45.00 $96.33 $51.33
lowa 1 1 $55.00 $48.28 ($6.72)
Indiana 1 0 NA $45.02 NA
Massachusetts 7 4 $68.48 $95.00 $26.52
Maryland 2 2 $55.00 $68.28 $13.28
Maine 3 3 $78.83 $78.20 ($0.63)
Michigan 2 2 $35.00 $37.81 ($2.81)
Minnesota 7 5 $83.20 $61.67 ($21.53)
New Hampshire 1 1 $64.00 $80.00 $16.00
New Jersey 4 4 $81.96 $97.43 ($15.47)
New York 10 5 $76.82 $66.17 ($10.65)
Oklahoma 1 0 NA $34.81 NA
Oregon 1 0 NA $69.58 NA
Pennsylvania 6 5 $66.35 $69.59 $3.24
Virginia 4 3 $59.14 $53.48 ($5.66)
Washington 1 1 $107.53 $83.44 ($24.09)
Wisconsin 2 2 $64.00 $49.09 ($14.91)
TOTAL/AVERAGE 73 54 $65.63 $63.26 ($2.09)
* Numbers in red parenthesis indicate amount that average incinerator tip fees exceed landfill tip fees in respective states.

(i) Staley, Kantner, and Choi, Analysis of MSW Landfill Tipping Fees, 1-5.

(ii) Average landfill tip fees serve as a proxy for regional waste management prices. States can export waste to landfills out of state in the region which may have differ-
ent tipping fees from in-state facilities.

the country. These higher tip fees may also be a result
of lucrative, long term sanitation contracts with large
metropolitan cities in the region that can export their
waste easily to nearby receiving incinerators. While
tipping fees are subject to regional market changes
and the terms of specific sanitation contracts, the rel-
atively small differences in price between landfill and
incinerator tipping fees means that there is strong
competition in the market for waste and incinerators
are at a significant risk if these prices or waste vol-
umes drop.

Electricity Sales

In addition to tipping fees, incinerators depend on
sales from electricity generation to boost their rev-
enues. MSW incinerators produced a negligible 0.4

percent of total U.S. electricity generation in 2015.'¢
Electricity sales serve to augment the gap between
operating costs and tipping fee revenues.'®® Howev-
er, burning trash is one of the most expensive forms
of energy generation in the U.S., with higher capital
and fixed costs compared to other energy sources,
including wind, solar, natural gas, coal and even nu-
clear power.'** For example, waste incineration costs
$8.33/MWh compared to $4.25/MWh for pulverized
coal and $2.04/MWh for nuclear, the second and
third most expensive forms of energy generation.'®
The incineration industry has taken advantage of lu-
crative renewable energy subsidies because the U.S.
EPA and several states have allowed waste inciner-
ation to be defined as a “renewable energy” source.
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State Renewable Portfolio Standards (RPS) are one
example of the way in which states have allowed
waste incineration to benefit from the increased
interest in investing in renewable energy.'® Thir-
ty-seven states and the District of Columbia have an
RPS.'” RPS programs set renewable electricity gen-
eration targets and define allowable technologies,
such as solar and wind that qualify as renewable.
Qualifying producers are authorized to sell electric-
ity generated beyond their required obligation and
may trade or sell renewable energy credits (RECs),
typically receiving one REC per MWh of power
produced each year.'®® Twenty-three states include
municipal solid waste incineration as a “renewable”
form of energy.'® How much capital is allocated to
renewable energy sources depends on what “tier”
within the RPS it is placed. Tier I generates more
revenue than Tier II, and although most states place
incinerators in the Tier II category, the designation
grants incinerators valuable access to the renewable
energy markets.'”’ Only Maryland classifies inciner-
ation as a Tier I source of renewable energy on par
with solar and wind and this designation was likely a
factor in catalyzing a proposal to build a new MSW

incinerator in Baltimore that was defeated by local
residents.

Figure 9 shows which states have an RPS, if it in-
cludes MSW incineration, and the number of MSW
incinerators in each state. According to this report,
52 incinerators are located in states that include
MSW incineration as an allowable technology; how-
ever, at least three of these facilities have closed since
the report was published in 2018 (in Minnesota,
Michigan, and New Jersey) making the current total
49."7" Two thirds of all the incinerators in the U.S.
today have access to renewable energy subsidies that
contributes to the profitability of these plants.

These same subsidies are under increased pressure
from advocates to be eliminated or significantly cur-
tailed. In Gonzalez, California, residents opposed a
potential waste-to-energy facility that sought access
to the state’s renewable energy credits. California
includes one of two existing MSW incinerators in
the state RPS as an allowable technology. When the
company behind the proposed facility failed to per-
suade state officials to include them in the RPS, the

Figure 9: Number of MSW Incinerators included in RPS by State

(X) Number of operating MSW incinerators, if any

Classifies MSW incineration as “renewable” in
renewable portfolio standard (RPS) or goal

Classifies MSW incineration as “renewable” in
RPS or goal, under certain conditions

*Policy grandfathers existing, but not new, incinerators

. Excludes MSW incineration as eligible in RPS or goal

. Explicit ban on MSW incineration

No known statewide renewable definition, RPS, or goal

NOTE: States excluding MSW incineration from RPS may still

count other forms of incineration (e.g., biomass) and/or
subsidize MSW incineration through other state or local policies
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Sources: DSIRE (2018); EJN (2018); F&WW (2018);
state statutes; Energy Recovery Council (2016)
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Source: Institute for Local Self-Reliance, “Waste Incineration: A Dirty Secret in how States Define Renewable Energy”
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company withdrew their proposal.’’? This example
illustrates the power of advocates to threaten the in-
dustry’s renewable energy subsidies.

Burning trash is not a renewable or “clean” source
of energy. Incineration releases greenhouse gases
into the atmosphere, contributing to climate change.
MSW incinerators may be at-risk from climate mit-
igation policies that put a price on carbon pollution
such as a carbon tax. Covanta recently reported that
if New York State passes a proposed carbon tax bill,
they may need to close four incinerators on Long Is-
land because of increased costs.'” Referring to the
potential impacts of a new carbon tax on their
business, an industry representative highlighted
the likelihood of plant closures with the lack of
exemptions for incinerators in the bill:

“It’s a pretty brutal policy” for waste-to-energy
plants, said Scott Henderson, senior director of
government relations for Covanta, which esti-
mates the four waste-to-energy plants it operates
on Long Island would incur between $31.1 million
and $42.7 million a year in new costs as a result of
the policy. The combined $332 million in costs over
10 years Covanta expects to incur from the carbon
pricing plan “will likely result in waste-to-energy
facilities closing,” '7*

These significant costs to meet carbon emissions re-
ductions targets reflect how much carbon pollution
is emitted from burning waste. The industry has
long argued that their emissions should be consid-
ered carbon neutral because they burn waste that
is biogenic, hence the carbon they emit would have
cycled into the atmosphere in the form of decom-
position over time. But MSW incineration delivers
a burst of carbon in a short time span (as opposed
to natural decomposition over years) and they also
burn increasingly large proportions of non-biogenic
waste made from fossil fuels like plastics, which con-
tributes to GHG emissions and co-pollutants.'”” The
United Nations Environment Programme (UNEP)
challenges the carbon neutrality logic of waste incin-
eration:

Climate change is time-critical - it is widely ac-
cepted that immediate reductions in global GHG
emissions are essential to reduce the impact of
climate change. The atmosphere does not differ-
entiate between a molecule of biogenic CO2 and
a molecule of fossil-derived CO2, therefore it ap-
pears logical that immediate efforts should be
made to minimize emissions of all CO2 regardless
of source.'”®

Incineration of non-biogenic waste like plastics
produces toxic compounds detrimental to human
health. Burning organic waste also produces more
carbon dioxide than coal-fired power plants.'”” In
either case, biogenic or non-biogenic, waste is not a
renewable source of energy and thus advocates have
rightly criticized industry efforts to exploit these
subsidies to the detriment of actual renewable sourc-
es. The incineration industry faces the possibility of
continuing to lose access to valuable renewable ener-
gy subsidies which puts their whole revenue model
at risk.

Net metering is another way the industry has used
its identification as a renewable energy source to
buttress its financial sustainability. Net metering is
designed to promote the expansion of renewable en-
ergy by allowing renewable energy generators to sell
their excess energy to a utility."”® As of 2015, 44 states
have net metering policies. According to the DSIRE
database, 14 states and three cities include municipal
solid waste incineration in their net metering regu-
latory policies.'”® As of 2015, 44 states had net me-
tering policies. According to the DSIRE database, 14
states and three cities include municipal solid waste
incineration in their net metering regulatory poli-
cies. In 2018, the outgoing Republican Governor in
New Jersey, Chris Christie, signed a bill, AB 2204,
that extended net metering to MSW incinerators and
allowed them to sell power directly to up to 10 end-
use customers located within 10 miles of the facili-
ty.'® These net metering subsidies can give incinera-
tors unfair access to renewable energy subsidies and
deflect important resources from truly renewable
energy technologies like solar and wind.
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Community Victory:
Commerce Incinerator Closure

In June 2018, a waste incinerator, in Commerce, California, named the Commerce Refuse-to-Energy Facility
was permanently shut down. The Covanta run facility began operations in 1987 burning over 120,000 tons
annually of municipal solid waste. When the facility was originally proposed, it was promoted by the City
of Commerce and County Sanitation Districts of Los Angeles as a state-of-the-art alternative to landfilling
in Los Angeles County. This incinerator reflects the weak financing model for an industry that has become
increasingly dependent on renewable energy subsidies to stay afloat. The facility spokesman stated,

“It really was all because of the expiration of a 30-year power purchase agreement we had with the local
utility, Southern California Edison, that expired on December 31, 2016, he said, explaining this cut previous
rates of 11 cents per kWh by nearly two-thirds. “That was insurmountable. CREA raised tip fees to $84, as far
as the local market would allow when factoring in cheaper rates at nearby landfills, but that wasn't enough.
Energy comprised two-thirds of the plant’s revenue model” (Charles Boehmke, LASDC)."®!

The industry attempted, over the last decade, to lobby California state lawmakers to consider incineration
on par with renewable energy sources like solar in order to capture valuable renewable energy subsidies.
These efforts were effectively thwarted by community and environmental justice advocates’ opposition. East
Yard Communities for Environmental Justice is a community based environmental justice organization that
works together with community members in East Los Angeles, Lynwood and Long Beach. This group fought
alongside the community in opposing the incinerator and advancing calls for the closure of the plant siting
both the financial and health impacts on nearby residents. In 2017, East Yard Communities for Environ-
mental Justice together with Valley Improvement Projects quickly organized to prevent incineration from
qualifying for renewable energy subsidies. In June 2018, the owners closed this plant because of rising costs
without any new forms of revenues.

The final closure of the Commerce incinerator shows that the sustained efforts by EJ advocates can effectively
curtail the incineration industry’s fiscal viability by removing renewable energy subsidies from the equation.
The advocates are continuing their efforts in shutting down another local incinerator in California, as there
are two remaining facilities, both operated by Covanta. East Yard Communities for Environmental Justice
has been actively opposing another local incinerator, the Southeast Resource Recovery Facility, a 30-year-old
incinerator in Long Beach, CA. Community organizers have been putting pressure on the incinerator and
potential revenue streams, which included defeating a bill qualifying incineration as renewable energy, mon-
itoring air emissions records, raising awareness of the potential health impacts of incinerators on low-income
communities and communities of color, and opposing financial incentives by the City for Covanta. Despite
the Long Beach City Council’s recent decision to provide financial support for costly upgrades of the aging
facility, the voices against these public investments and the increasing call for zero waste are gaining strength.
The financial vulnerability and the declining nature of the incineration industry was clearly demonstrated in
the case of the Commerce incinerator.



Power Purchase Agreements

Power Purchase Agreements (PPAs) are another way
incinerators’ boost their revenue through electricity
sales. PPAs are contracts between an electricity pro-
vider and a power purchaser, typically a utility or
trader, in which the purchaser commits to acquiring
a certain amount of energy. This long-term contrac-
tual commitment to buy energy has been the driving
factor behind the development of new projects.'®
Examples of cities that have entered PPAs with MSW
incinerators include the District of Columbia; Palo
Alto, California; Georgetown, Texas; and Pendleton,
Oregon.'®

Sometimes electricity prices drop or PPA agreements
expire and are not renewed. This puts the facility at
financial risk. Spokane, Washington’s city-owned
incinerator previously sold its electricity to Puget
Sound Energy for about $12 million per year in reve-
nue.'® However, the agreement expired in 2011, and
a state law the following year removed MSW gener-
ation from the qualified list of renewables. Now the
Spokane incinerator sells its electricity to Avista, for
3.8 to 5.2 cents per kilowatt-hour, lower than the 9
cents per kilowatt-hour agreement with PSE.'® Un-
der this new agreement, the Spokane incinerator will
earn roughly 58 percent less in electricity sales.

The Miami-Dade County Resource Recovery Facili-
ty sold electricity through a Power Purchase Agree-
ment with Florida Power & Light until 2013 when
the agreement expired. Electricity sales revenues
dropped from slightly over $30 million in 2013 to $14
million in FY2014. After the PPA expired, the rate
dropped from $85 per megawatt hour to the market
rate of about $28 per megawatt hour.'"® The Com-
merce, California, incinerator shuttered in 2018 as a
direct result of the expiration of its power purchase
agreement, a year after legislation aimed at providing
incinerators with renewable energy subsidies failed
to pass. These examples reflect the vulnerabilities in-
herent in facilities that rely on these contracts and
the power of advocates to challenge the incineration
industry’s claims to renewable subsidies.

Closures and a Future in Decline

The incinerator industry is in trouble. Aging facilities
are often too expensive to maintain, too risky to fi-
nance and too costly to upgrade. These plants operate
under volatile economic and regulatory conditions
that threaten their major sources of revenue, tipping

fees and energy sales. Since 2000, at least 31 MSW
incinerators closed, largely due to economic factors.
Table 5 lists all 31 facilities and the primary reasons
for closure. For eighteen of the facilities listed in Ta-
ble 6, related news articles sited economic conditions
for closing, particularly a decrease in revenue from
either loss of tipping fees or electricity sales. Some
facilities also cited an insufficient waste stream. Ac-
cording to news reports, six of the facilities closed
because they were unable to afford the necessary
upgrades in air pollution control equipment (Davis
Energy Recovery Facility, Harrisonburg WTE Facil-
ity, Southernmost WTE Facility, Miami Incinerator
and Nottingham Incinerator). In North Charleston
County, South Carolina and Ossipee, New Hamp-
shire, both municipalities shut down their inciner-
ators as part of their strategy to increase recycling
and improve environmental management systems.
In Detroit and Dearborn Heights, Michigan, facility
operators included community opposition as part of
the reason they shut down.

Advocates and local environmental justice commu-
nities are increasing the pressure on states and cities
to reject new incinerators, as well as tighten the re-
quirements and reduce access to subsidies for exist-
ing facilities. The combined pressures from increas-
ing costs, risky revenue streams and environmental
justice advocacy and zero waste policies creates a
picture of an industry in decline. In the following
chapter, a review of the health implications and risks
associated with this declining industry is explored in
depth.
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Table 5: Incinerator Closures Since 2000

Facility Name Location

Detroit Renewable Power Detroit, Ml

Great River Energy - Elk River Station Maple, Grove, MN

Covanta Warren County Resource Compa- Oxford, NJ

ny Facility

Commerce Refuse-to-Energy Commerce, CA

Davis Energy Recovery Layton, OH
Little Miami Waste Incinerator Hamilton County, OH
Harford Waste-to-Energy Joppa, MD

Wheelabrator North Broward Pompeo Beach, FL

Wallingford Resource Recovery Wallingford, CT

Harrisonburg Resource Recovery Harrisonburg, VA

Jackson County Resource Jackson, Ml

Recovery
Claremont, NH

Beaver Hill, OR

Wheelabrator Claremont

Coos County Beaver Hill Municipal Waste
Incinerator

Biddeford, ME
Wilmington, NC
North Charleston, SC

Maine Energy Recovery Company
New Hanover County - WASTEC
Montenay Waste-to-Energy

Recycling
Ossipee Solid Waste Incinerator Ossipee, NH
Candia Incinerator/Recycling Candia, NH

Center

Savannah Resource Recovery Savannah, GA

Fergus Falls Resource Recovery Fergus Falls, MN

Park County-Livingston
Incinerator

Livingston, MT

Juneau, AK

Harrisburg, PA

Juneau Incinerator

Harrisburg Resource Recovery*
Central Wayne Energy Recovery L.P. Dearborn Heights, MI

Southernmost Waste to Energy Key West, FL

Osceola, AR
Moss Point, MS

Osceola Incinerator

Pascagoula Energy Recovery

Sutton Incinerator Sutton, NH
Miami Incinerator Miami, OK
Nottingham Incinerator Nottingham, NH
Sitka Waste-to-Energy Sitka, AK
Hebron-Bridgewater Refuse Bristol, NH

District
*Harrisburg, PA facility reopened in 2006 after major upgrades.

Year of Reason(s) for Closure

Closure
2019

2019

2018

2018

2017

2016
2016

2015
2015

2014

2013

2013
2012

2012
2011
2010

2009

2008

2008

2006

2005

2004

2003

2003

2002

2002
2002

2001
2000
2000
2000

Un-
known

Economic conditions?®!

Economic conditions?®?
Economic conditions?®?

Economic conditions?®*

Upgrades®®

Upgrades

Economic conditions/loss of contract?3®

Economic conditions?®”

Economic conditions/Emissions violations?®
Economic conditions/upgrades®®
Economic conditions/loss of contract®”®

Economic conditions?®!

Economic conditions®®? /Safety hazard®”

Lack of owner interest?®* /odor complaints®®®

Economic conditions?*® >

Emissions violations**® / Recycling®®®

Recycling mandate®®

Loss of contract®!

Economic conditions>’?
Economic conditions®®?

Emissions violations>**

Economic conditions>®®
Economic conditions/Emissions violations®®

Economic conditions/Emissions violations 3%7,3%

Air Pollution Control
Upgrade cost®”

Federal Fraud Conviction®'?
Economic conditions®!!

Unknown?'?

Emissions violations/Upgrades’'®

Upgrades!4

Unknown?'®

Unknown?'®
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%Chapter 3

PUBLIC HEALTH AND
COMMUNITY IMPACTS

Waste incinerators produce a variety of pollutants
from the combustion of municipal solid waste, to the
transport of the waste via diesel sanitation trucks to
the ash that is a byproduct of the combustion pro-
cess. The heterogenous nature of MSW means that
waste incinerators are burning a variety of consumer
waste laden with heavy metals and other toxic com-
pounds that results in the release of harmful air pol-
lutants when combusted. Populations in close prox-
imity or downwind to the facility may be exposed
directly through inhalation of air pollutants or indi-
rectly through consumption of contaminated food
or water.



Despite air pollution control technologies and regu-
latory permit limits, incinerators still emit relatively
large quantities of hazardous and criteria air pollut-
ants. Asnoted in Chapter 1, these air pollutants con-
tribute to and exacerbate cumulative impacts that
exist in many environmental justice communities
where the population is already overburdened and
vulnerable. Furthermore, aging incinerators can ex-
perience accidents, malfunctions of their equipment,
and declining maintenance, resulting in exceedances
of their permitted pollution limits. This is particular-
ly worrisome since studies show that environmental
justice communities, where many incinerators are
located, have underlying stressors that make them
more susceptible to the detrimental health impacts
of incinerator pollution.

Incineration Regulations and
Public Health

MSW incinerators are relatively large emitters of air
pollutants with some studies showing that they emit
several pollutants at a rate exceeding that of fossil
fuel power plants. Stack emissions include a vari-
ety of pollutants such as particulate matter (PM2.5,
PM10, Ultrafine particles), nitrogen oxides (NOx),
sulfur oxides (SOx), dioxins, nanoparticles, lead and
mercury. Ash byproducts also contain dioxins and
heavy metals like lead and mercury. Various factors
impact the severity and spread of pollutants from a
given MSW incinerator. These factors include the
size and age of the incinerator, composition of the
waste, emissions control technology, stack height
and local weather conditions. For metals and other
pollutants that are persistent in the environment, the
potential effects may extend well beyond the area
close to the incinerator and these toxins can build up
in the human body over time.

“The unintended and uncontrolled release of toxic
substances into the environment from waste incin-
eration can occur because of malfunctioning equip-
ment, large changes in the waste feed-stream, poor
management of the incineration process, or inad-
equate maintenance or housekeeping. Off-normal
operations (e.g., upsets and accidents) at various
points in the incineration process might result in
explosions; fires; the release of smoke, ash, or nox-
ious odors into the atmosphere; and the spilling or
leakage of contaminated or toxic substances.”*

The U.S. EPA regulates air pollutants with the ex-
pressed purpose to “protect public health and wel-
fare” They do this primarily under the federal Clean
Air Act (CAA) regulations with accompanying state
laws. MSW incinerators are primarily regulated un-
der Title V (CAA) permits typically issued by state
environmental regulatory agencies. These permits
establish atmospheric concentrations of six crite-
ria pollutants that include carbon monoxide, lead,
nitrogen oxides, ozone, particulate matter, and sul-
fur oxides. The CAA uses “MACT” or Maximum
Achievable Control Technology standards to es-
tablish emissions requirements. The law also limits
emissions of 187 hazardous air pollutants (HAPs)."*
Stationary sources like incinerators, which emit
or have the potential to emit, ten or more tons per
year of any one HAP or 25 tons per year or more of
any combination of HAPs are regulated as a “major
source” of air pollution and have to implement “max-
imum achievable control technology” (“MACT?).'*

The CAA does not require the U.S. EPA to elim-
inate health risks, but rather serves the purpose of
reducing risk “sufficiently” to protect public health
with an “adequate margin of safety”'* This is an
important consideration for environmental justice
communities where a pattern of cumulative and dis-
proportionate pollution exists and where the effects
of multiple pollutants, from multiple sources and
their synergistic and additive impacts are not well
known or regulated.'” Studies have demonstrated
patterns of disproportionate, cumulative impacts in
communities of color and low-income communities
across the country.'”® These communities are known
to experience adverse health outcomes related to so-
cio-demographic characteristics, also known as so-
cial determinants of health. Some of the health bur-
dens that have been documented in environmental
justice communities include elevated blood lead lev-
els, asthma, preterm births, and increased cardiovas-
cular disease related morbidity and mortality rates.'
These underlying health disparities combined with
the cumulative impacts of multiple sources of pollu-
tion create a riskscape where incinerator emissions
exacerbate environmental injustice.

Environmental justice communities’ critique feder-
al and state regulatory approaches that rely on per-
mitting that only considers chemical by chemical
and facility by facility assessments of environmental
hazards. Regulations like the CAA and Title V per-
mits for incinerators do not take into consideration
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the multiple environmental and social stressors that
contribute to the overall impact each facility has on
health risks in the exposed population.*®® Another
critique of the regulatory process for incinerators is
related to emissions data and monitoring. Most of
the criteria air pollutants and HAPs are self-reported
to the U.S. EPA by facilities on an annual basis. Emis-
sions estimates are typically derived from calcula-
tions based on operating conditions and confirmed
via stack testing that occurs infrequently (1-5 years)
and under “normal” operating conditions.?*' In lim-
ited cases, incinerators install Continuous Emissions
Monitoring Systems (CEMS) for specific pollutants,
such carbon monoxide, NOx, SOx, and opacity but
CEMS are not in wide use by MSW facilities for pol-
lutants such as dioxins, mercury or PM.>*

The emissions reporting from incinerators may be
underrepresenting the extent of emissions like di-
oxins or mercury because the release of these com-
pounds is linked to the composition of the waste be-
ing burned at any one time and the assumption of
optimal operating conditions which often are inter-
rupted due to malfunctions in the equipment. Emis-
sions measurements are also taken during “optimal
operating” times and not during, for instance, start-
up and shutdowns or operating upsets, when emis-
sions are often at their highest.?* Permit exceedances
reported by incinerators are not always fined by state
regulatory agencies due to relief granted to plants
during periods of shut down, start up and malfunc-
tions (SSM).** Some researchers and advocates be-
lieve emissions data pertaining to incinerators is un-
derestimated or poorly characterized.**

Another critical consideration in assessing the health
impacts of incinerators is the impact of poor opera-
tions and weak oversight and enforcement. In Chap-
ter 2, anecdotal evidence suggests that incinerators
in the U.S. have a pattern of accidents which can put
local communities at risk. As these facilities age, the
lack of proper enforcement coupled with increasing
incidences can increase the emissions and related

health risks from incinerators.

Environmental Justice and

Incinerator Health Risks

Even if one assumes that the existing regulatory
structures are sufficient to be protective of human
health, environmental justice communities often do
not receive the same levels of protection in terms of

the enforcement and application of penalties for the
violation of environmental laws.?* Studies show that
enforcement officials are slower to respond to inci-
dences of violations and the fines have historically
been set lower for facilities located in low-income
and communities of color compared to those in
whiter or wealthier communities. One study showed
that penalties for pollution violations were 46 per-
cent higher in white communities than communi-
ties of color.?”” This evidence of underestimating the
potential health harm from the emissions of incin-
erators, the lack of attention to cumulative impacts
assessment, the underlying social and health vulner-
abilities of exposed populations, and the lax enforce-
ment of existing laws, leads communities to justifi-
ably worry that their health and well-being are not
sufficiently protected when it comes to incinerators.

Existing Health Studies

The direct health impacts resulting from exposure to
pollutants emanating from incinerators is not well
understood or extensively studied in the epidemio-
logical literature in the U.S. In the book, Waste In-
cineration and Public Health (2000), the authors note
the reasons for this dearth of studies related to health
and incinerators: relatively small study populations;
emissions from other pollution sources; variations
in human activity; and weaknesses in methodology
and data sources.”®® Studies have shown that pollut-
ants emitted from MSW combustion are known to
be persistent, bio-accumulative and toxic and once
dispersed into the environment these compounds
can enter soil, water, and food systems.

“Incineration of chlorinated substances in waste,
such as polyvinyl chloride (PVC) plastic, leads to
the formation of new chlorinated chemicals, such
as highly toxic dioxins, which are released in stack
gases, ashes and other residues. In short, inciner-
ators do not solve the problems of toxic materials
present in wastes. In fact they simply convert these
toxic materials to other forms, some of which may
be more toxic than the original materials.”*”
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Baltimore Incinerator
Proposal Defeated

In 2009, Energy Answers International applied to construct the largest municipal solid waste incinerator in
the United States in Curtis Bay, Maryland— a mile or less from Benjamin Franklin High School and Curtis
Bay Elementary School. The Curtis Bay community suffered historically from disinvestment and the health
impacts of polluting industries in their neighborhoods. These same neighborhoods have been ranked among
the most polluted zip codes in the state and the country. In addition to existing polluting industries, the
planned incinerator would have been permitted to emit 1,000 pounds of lead and 240 pounds of mercury
annually. The company planned to spend nearly $1 billion on the plant which would burn 4,000 tons of waste
per day, including plastic, rubber, auto parts and demolition debris.

Benjamin Franklin High School students began organizing when they were made aware of the plans for an
incinerator in their community. Destiny Watford and her fellow students co-founded a group called “Free
Your Voice” which planned to not only stop the largest incinerator in the U.S. from being constructed but
advocated for long term neighborhood-driven development in Curtis Bay. The students went door-to-door
informing other residents about the dangers of the incinerator project, held a march and led an act of civil
disobedience, sending a message to the Maryland Department of Environment. When they learned that their
own high school planned to buy energy from the incinerator, they gave a presentation at their school in op-
position, effectively persuading the Baltimore City Public School system to end their proposed contract with
the incinerator.”® In time, 22 customers that planned to buy energy from the incinerator were persuaded to
cancel their contracts, eliminating the financial viability of the project.*'!

Interestingly, Maryland is one of the few states in the U.S. that considers incineration a Tier 1 renewable en-

ergy source (on par with traditional renewables like wind and solar) in their Renewable Portfolio Standard.
These energy subsidies, along with the potential to secure long-term public sanitation contracts with large
institutions, allowed for the financing of this proposed facility. In 2016, the Maryland Department of En-
vironment responded to the public pressure and determined that the Energy Answers International permit
had expired, making it illegal for the company to construct the incinerator.’* The defeat of this incinerator
proposal in Baltimore reflects the importance of local, grassroots efforts to prevent the adoption of long term
public contracts that finance these facilities and lock them into a polluting infrastructure.



After pollutants from an incineration facility
disperse into the air, some people close to the facil-
ity may be exposed directly through inhalation or
indirectly through consumption of food or water
contaminated by deposition of the pollutants from
air to soil, vegetation, and water.””® In the European
Union, MSW is the second most important emission
source type for dioxins (iron ore sintering ranked
highest).”"* Globally, waste disposal, primarily from
incineration, contributes to ~8 percent of the total
anthropogenic mercury emissions.””* In a 2010 study
of Chinas mercury source categories, emissions
from incineration of municipal solid waste (MSW)
was shown to experience the fastest growth due to
the rapid expansion of the MSW incineration indus-
try in China. According to this study “MSW inciner-
ation should be considered a high priority source in
China’s mercury control strategy.”'¢

While the literature on the direct health impacts of
waste incineration is limited in the U.S., there are
a handful of studies from Asia and Europe in par-
ticular, where MSW incinerators are prevalent, that
provide some insights into health-related impacts
that can be applied in the U.S. context.?’” There are
also case studies that point to specific health impacts
such as a study that showed that dioxin emissions
increase the risk of non-Hodgkin lymphoma among
the population living in the vicinity of a municipal
solid waste incinerator in France.?'® Another study in
France considered all births (n = 21,517) of wom-
en residing within a 4-km radius of an incinerator
at the time of delivery (2003-2010) and found that
pre-term delivery increased with increased expo-
sure.””® A study in Italy analyzed the occurrence of
miscarriages in women aged 15-49 years residing
near seven incinerators of the Emilia-Romagna Re-
gion (Northern Italy, 2002-2006) and found that an
increase of PM10, due to incinerator emissions was
associated with an increased risk of miscarriage.”® A
2005 study in Japan found that proximity of schools
to municipal waste incineration plants may be asso-
ciated with an increased prevalence of wheeze, head-
ache, stomach ache, and fatigue in Japanese school
children.??! These health studies help shed light on
the potential health risks posed by MSW incinera-
tors in the U.S.

In order to characterize the nature of the potential
health risk that aging incinerators in the U.S. might
pose, several factors are summarized in this Chapter,
including: (1) the health risks associated with specif-

ic air pollutants from incinerators, (2) a ranking of
incinerators based on a snapshot of their emissions
profiles for the most health harmful air pollutants
and their presence in E] communities, (3) a review
of the coincidence of incinerator facilities in nonat-
tainment areas, and (4) an estimation of emissions
from waste hauling associated with incinerators.?**

Incinerators as Major Sources of

Air Pollutants
In 2017, the Environmental Integrity Project com-

piled a report, The Truth is in the Trash, comparing
MSW incinerator emissions to coal-fired power
plants and found that incinerators: produced, NOx,
lead, and mercury at a higher rate than coal and
Greenhouse Gases at an average rate that is 68 per-
cent higher, per unit of energy delivered to the grid,
than coal plants.””® An example of the relative scale of
pollution emitted by incinerators can be seen in the
Montgomery County Resource Recovery Facility in
Maryland. The plant releases approximately 740 tons
of air pollutants annually and sends 180,000 tons of
toxic ash to Virginia landfills.* The Environmental
Integrity Project found that:

“On average between 2007 and 2009, the amount
of mercury produced per hour of energy at MCRRF
was 2-4 times and at WBI [Wheelabrator Balti-
more Incinerator] 2.5-5.6 times that of the coal
power plants. Between 2007 and 2009, MCRRF
produced on average 3-8 times more lead per hour
of energy than the coal power plants, while WBI
produced on average between 6.5 and 18 times as
much lead per hour. As with mercury, these emis-
sions rates make WTE incinerators among the
largest sources of lead in the state.”?*
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Table 6: Major Pollutants and their Sources

Pollutant Examples of Sources

Dioxins Plastics or fuels such as wood, coal
and oil

Heavy metals Batteries, pigments, leather, solder,
cans, and consumer products and
packaging

Chlorine Polyvinyl chloride plastics and some

bleached paper

Polystyrenes  Food service products such as rigid
trays and containers and disposable

eating utensils

Sulfur Oxides Tires and gypsum wallboard

Nitrogen Food and yard waste

Oxides

Lead Lead-acid car batteries, electronic
items, leaded glass and plastics,
batteries, fluorescent tubes, ther-
mometers, and thermostats

PFOS, PFOA Carpets, clothing, fabrics for furni-

ture, paper packaging for food and
other materials that are resistant to
water, grease or stains

Some of the most health harmful pollutants emit-
ted by incinerators include heavy metals like lead
and mercury, as well as other hazardous air pollut-
ants, particulate matter, nanoparticles, dioxins and
furans.?*® Table 6 describes some of the primary
sources of air pollutants emitted by incinerators. Be-
cause MSW incinerators burn a heterogenous mix of
household and other waste, the resultant emissions
from these facilities also varies significantly.

The combustion of household waste, plastics, fuel
oil, electronic components or batteries for example,
can emit dioxin. Dioxin emissions from incinerators
have generated significant public health concerns
because exposure, even in small amounts, can result
in neurologic, immunologic, and reproductive im-
pacts. According to the U.S. EPA, dioxins are “are
highly toxic and can cause cancer, reproductive and
developmental problems, damage to the immune sys-
tem and can interfere with hormones”*” Dioxins are
also extremely persistent compounds that take a long
time to break down and can bioaccumulate. Studies
show that “epidemiologic data suggest that there is lit-
tle or no margin of exposure for humans, [considered
safe] with respect to these developmental effects.”**
Nanoparticles are another understudied but poten-

tially harmful source of emissions from incineration
of MSW. A 2014 study suggests that the fate of these
particles, when incinerated is unclear, “Due to the
large variety of nanoproducts, the toxicity potential
of nanomaterials and the wide range of potentially
affected waste streams, the consequences for future
waste management are currently unpredictable... The
few available studies which address the incineration of
nanoproducts have indicated that ENM [Engineered
nanomaterials] removal efficiencies may vary signifi-
cantly and depend on properties such as particle type
and size*” Nanoparticles, ultrafine and PM2.5 par-
ticles can pose serious health risks to humans from
the inhalation of these tiny particles.

“Epidemiological studies demonstrated associa-
tions between deaths and particulate air pollution
even at extraordinarily low mass concentrations
(Pope et al. 1992; Schwartz 1994) ....We pointed
out that the majority of deaths associated with
air pollution in the epidemiological studies were
from cardiac rather than respiratory disease and
attempted to explain the apparent fact that toxi-
cologically tiny doses of particulate matter (PM),
mainly carbon, to the lungs could cause death
from failure of another organ.”*

«

A recent study concluded, anthropogenic
PM,, . was responsible for 107,000 premature deaths in
[U.S.] 2011, at a cost to society of $886 billion*"

There are a variety of health risks and uncertainties
associated with the release of toxic air pollutants
from incineration. The lack of conclusive scientific
certainty relating to the causes and the consequenc-
es of the harm caused by certain substances or ac-
tivities, however, should not be viewed as a reason
to postpone preventative measures, as affirmed by
many international conventions.?* The precaution-
ary principle was defined at the Wingspread Con-
ference in 1998 as, “When an activity raises threats
of harm to human health or the environment, precau-
tionary measures should be taken even if some cause
and effect relationships are not fully established scien-
tifically”.* This principle aims at ensuring a higher
level of environmental protection through preven-
tative decision-taking in the case of risk.*** The pre-
cautionary principle tries to prevent harm before it
occurs and is a foundational tenant of the Environ-
mental Justice Movement. While the direct health
implications of incineration are not well studied, in-
cinerator emissions contribute to the overall cumu-
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lative impacts that may harm EJ communities. Thus,
the precautionary principle would lead communities
to prefer less harmful alternatives to waste embodied
in the approach of zero waste and waste reduction
and diversion over incineration.

Danger on the Horizon: 2017 China Waste Ban
In 2017, China announced a ban on 24 types of solid
waste, including certain plastics, unsorted scrap pa-
pers, and discarded textile materials. This ban sent
shock waves through the waste management systems
in the U.S., which are heavily reliant on the export
of recyclables. Since the China Ban, municipalities
are scrambling to find disposal options for their low
quality, hard-to-recycle waste materials. In the short-
run, many cities are sending recyclable materials to
incinerators or landfills or letting them pile up.**
If addressed properly, China’s ban can activate ad-
ditional investment in domestic recycling capacity,
secondary material markets, and programs for re-
ducing consumption.”*® Some of this plastic may end
up in MSW incinerators. According to a Guardian
article from February 2019, the Covanta incinerator
in Chester, PA received a significant amount of Phil-
adelphia’s sorted recyclables in response to the ban
from China. “About 200 tons of recycling material is
sent to the huge Covanta incinerator in Chester City,
Pennsylvania, just outside Philadelphia, every day
since China’s import ban came into practice last year,
the company says”*” In April 2019, Philadelphia an-
nounced that they would stop sending their recycla-
ble material to the incinerator.”*® Increased plastic
combustion is particularly worrisome because burn-
ing plastics releases toxic air pollution such as diox-
ins which increase the risk to host communities like
Chester, Pennsylvania.**

Incinerator Emissions Data: The Dirty Dozen

In order to assess the relative impact and health risks
associated with MSW incinerators, a snapshot of air
pollutant emissions data was compiled for all incin-
erators in 2014 (latest available data). Air pollution
emissions data was obtained from the U.S. EPAs
Enforcement and Compliance History (ECHO)**
online database. ECHO provides facility-level com-
pliance data for environmental regulations and Air
Pollution Reports from the National Emissions In-
ventory,**! Greenhouse Gas Reporting Program,**?
Toxic Release Inventory,* and Clean Air Markets
Division.*** Stack test data and emissions calcula-
tions are reported by the facility to state or tribal offi-
cials, who then report emissions to the EPA through

the Emissions Inventory System (EIS). The EIS col-
lect and publish this data every three years in the Na-
tional Emissions Inventory online system that feeds
into the ECHO website.

Emissions data for all 73 incinerators was collected
for the following pollutants: NOx, SOx, mercury,
lead, particulate matter (PM10 and PM2.5), and car-
bon monoxide. These pollutants represent some of
the most health harming air pollutants emitted by
incinerators, for which a complete dataset is avail-
able.”> (See Appendix E for additional tables show-
ing data for all seven pollutants). Facilities were
ranked according to the top twelve highest emitters
(among the 73 facilities nationwide) for each pollut-
ant according to total annual emissions (Ibs) and the
rate of emissions (Ibs/ton) per ton of waste incinerat-
ed. These top emitting facilities were then identified
according to whether they are located in environ-
mental justice communities (see Chapter 1 for defi-
nition of E] communities). Figure 10 summarizes the
results of this ranking exercise for particulate matter
(PM 2.5), NOXx, lead and mercury.

The “Dirty Dozen” Incinerators charts in Figure 10,
illustrate the most polluting MSW incinerators ac-
cording to PM2.5, NOx, Lead, and Mercury emis-
sions. Approximately 1.6 million people live within
a three-mile radius of the “Dirty Dozen” incinera-
tors for these four pollutants.** There are 4.4 mil-
lion people that live within a 3 mile radius of all 73
incinerators in the U.S. The relative emissions pro-
duced by an incinerator are in part dependent on the
amounts of waste burned so that one would expect
the largest incinerators to be most likely to emit the
largest amount of pollutants. Since daily capacity to
burn waste varies significantly among the 73 inciner-
ators, it was important to examine both the total air
pollutants (Ibs) emitted annually as well as the rate of
emissions (Ibs/ton) per ton of waste combusted. The
emissions rate was calculated by dividing the annual
emissions (Ibs) by the annual tons of waste burned at
the facility. The Dirty Dozen charts reveal that most
of the highest emitting facilities in each pollutant
category (NOx, SO2, mercury, lead, PM 2.5, PM 10,
CO), are in environmental justice communities.
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Figure 10: Dirty Dozen Incinerators
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The following represents the number of “Dirty Doz-
en” incinerators that are located in EJ communities
by pollutant category:

«  PMI10: 10
« PM2.5: 10

* Lead: 10
« NOx: 8
+ SO2: 9
+ CO: 8
*  Mercury: 8

Ten of the twelve incinerators that emit the greatest
amount of lead emissions, are in environmental jus-
tice communities. Exposure to lead can affect virtu-
ally every organ and can cause severe neurological
damage in humans, especially in children and fetus-
es.”” The Covanta owned, Essex County Resource
Recovery incinerator in Newark, New Jersey emits
the largest total amount of lead of any MSW incin-
erator in the country with over 600 pounds of lead
reported in 2014, far above the next highest emitter,
Covanta Camden (also in New Jersey) at 380 pounds.
The Newark plant is emitting total annual lead levels
higher than the largest incinerator facility in the U.S.
These lead emissions are particularly troubling when
considered in the context of the overall lead risk al-
ready present in the population. Children in New-
ark for example, represent 13 percent of the children
in the state with elevated blood lead levels (Newark
has 3.8 percent of the state’s children).**® The City of
Newark is also experiencing widespread lead con-
tamination in the City’s drinking water supplies and
more than thirty public schools tested above the fed-
eral action levels for lead in their drinking water.**
The incinerator’s lead emissions combine with mul-
tiple sources of lead in the home and school envi-
ronments and may compound the potential health
risks of already overburdened E] communities in
Newark. The Wheelabrator Hudson Falls incinerator
in Washington County, New York is the highest per
ton emitter of lead in the country and is also in an EJ
community.*

Incinerators are also significant emitters of mercury.
Mercury can cause neurologic, renal, developmen-
tal and reproductive damage.”' Eight of the twelve
incinerators with the highest emissions of mercury
pollution in the U.S. are located in environmental
justice communities. The Babylon Resource Recov-
ery Facility in New York is located in an EJ commu-

nity and it stands out as both the largest total emitter
of mercury, releasing over 319 pounds of mercury
annually as well as the highest per ton emitter in the
country. The Pinellas County Resource Recovery Fa-
cility in St. Petersburg, Florida, emits 134.89 pounds
of mercury annually and is also in an E] community.

The incinerator that emits the most PM2.5 pollu-
tion in the country is the Delaware Valley Resource
Recovery Facility in Pennsylvania, owned and oper-
ated by Covanta. In 2014, the facility emitted over
200,000 pounds of PM 2.5. This incinerator is in a
non-attainment area for both PM2.5 (2012) and
8-hour Ozone (2015).2°2 The PM emissions from the
incinerator contributes to the overall air quality in
the region and related health risks. PM2.5 is asso-
ciated with decreased life expectancy and can cause
or worsen several heart and lung problems.** Recent
studies have shown that PM2.5 can have significant
health and morbidity impacts on the US population.

“This translates to PM 2.5 causing an extra 20,000
deaths a year,” said a co-author, Joel D. Schwartz,
a professor of epidemiology at Harvard. “Separate-
ly, a 10 parts per billion decrease in ozone would
save 10,000 lives per year. The effect was greater
for low-income people, African-Americans, wom-
en and those over 70, and the risk remained signif-
icant even at levels below what the Environmental
Protection Agency considers safe.”*

In 2012, Delaware County, PA had the highest pedi-
atric inpatient hospitalization rate for asthma, after
Philadelphia, in the state.”> Even within the County,
in 2013, Latino and Black children were more like-
ly to have asthma than White children (2.5 and five
times respectively).”

NOx (Nitrogen Oxides) is also a significant health
impacting pollutant that is a major contributor to
ozone, acid rain, and particulate matter.”” NOx con-
tributes to respiratory disease, cardiovascular dis-
ease and asthma.”® The incinerators with the highest
total annual emissions of NOx, are the I-95 Energy/
Resource Recovery facility in Lorton, Virginia and
the Pinellas County Resource Recovery Facility in St.
Petersburg, Florida, both of which are located in EJ
communities. Looking at the rate of NOx emissions
per ton of waste burned, Mid-Maine Waste Action
Corporation in Auburn, Maine and Xcel Energy-
Wilmarth Plant in Mankato, Minnesota rank the
highest, both are located in E] communities.
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Clean Air Act Violations

MSW incinerators are required, under the Clean Air
Act, to have Title V operating permits that identi-
fy the amount of allowable emissions per year at a
facility. If a facility exceeds the allowable emissions
limits and operating parameters (i.e. temperatures,
record keeping, monitoring, etc.) specified in the
permit, these exceedances or violations of the permit
are required to be reported to state regulatory au-
thorities. The U.S. EPA collects and publicly reports
enforcement and compliance information through a
system called ECHO (Enforcement and Compliance
History Online).” In order to assess the relative fre-
quency and types of compliance issues occurring at
incinerators across the country, a review of Clean Air
Act violations data was compiled and assessed from
the ECHO website. The ECHO website has known
data gaps due to its reliance on a diverse range of in-
puts from various states. Each state tracks permit vi-
olations, enforcement actions and compliance differ-
ently, and each reports their information differently
to the U.S. EPA. Thus, there are known gaps in the
completeness and accuracy of this federal database.

The violations and compliance issues reported in
ECHO are likely conservative estimates based on
known case studies where state level data on permit
violations and exceedances are much higher than
what is reported in ECHO. For example, in January
of 2019 the nonprofit groups Environment Michigan
and the Ecology Center filed a Notice of Intent to Sue
the Detroit incinerator alleging 600 violations of fed-
eral hourly limits on carbon monoxide and nitrogen
oxide emissions over the past five years. According
to the Detroit Free Press, the incinerator, “exceeded
pollution emissions standards more than 750 times
over the last five years, Michigan Department of Envi-
ronmental Quality records show.”** In 2007, the East-
ern Environmental Law Clinic filed a notice of intent
to sue Covanta Energy, the owners of the Newark,
NJ incinerator for noncompliance with the Clean Air
Act, alleging hundreds of violations of federal clean
air standards for sulfur dioxide, opacity, carbon
monoxide and particulate matter.”' These violations
were likely not reported to the ECHO system, either
because the state did not consider them violations or
the state did not adequately report these exceedances
into the federal database. Also, important to note is
evidence that states have varying approaches to com-
pliance and enforcement, with some states adopting
more aggressive inspection and enforcement over-
sight than others.?®

ECHO data for the 73 incinerators reveals that an
estimated 21 incinerators received 126 “Federal-
ly Reportable Violations” under the Clean Air Act
between 2016 - 2019.%* Data were pulled from the
Three-Year Compliance History table from each fa-
cility’s page on ECHO as well as facility fines (fines
levied by state agencies). Twenty-one incinerators
received 49 fines totaling $535,737. Table 7 summa-
rizes the incinerators with the greatest number of
violations logged in ECHO between 2016 and 2019.

Incinerators may receive violations for exceeding
emissions limits under their Title V permits for one
or more pollutants, or for “facility or administrative
issues.” These administrative issues may refer to poor
record keeping or monitoring practices, failure to
submit or file reports with the state, or to maintain
operational parameters required in the permit such
as specific temperature controls, feed rates or oxygen
levels.?** Pollutants that appear the most often as vio-
lations include carbon monoxide, sulfur dioxide, and
particulate matter. These violations may be the result
of incomplete combustion, equipment malfunction
or other compromised conditions within the facil-
ity. Interestingly, many of the same pollutants that
are typically monitored via Continuous Emissions
Monitoring Systems (CEMS) like carbon monoxide,
also appear frequently in the list of compliance issues
(stack-gas concentrations of 0,, CO, NO,, SO, and
opacity are often monitored via CEMs).

This points to another potential limitation in the
oversight of incinerators - without CEMS for pol-
lutants of greatest health concern like dioxins, mer-
cury, and lead - facilities may be underreporting the
instances of exceedances occurring at incinerators.
CEMS for these pollutants is not currently required
for most existing MSW incinerators in the U.S. “Reli-
able continuous emission monitors (CEMs) for dioxins
and furans or for metals would be desirable, because
automatic devices electronically linked to such devices
could directly control those emissions of greatest po-
tential health consequence’®> The Baltimore City
Council recently passed a bill to require incinerator
facilities to install CEMS for many of these pollutants
as well as institute more stringent emissions limits.*
This bill may result in the closure of the Baltimore
incinerator due to the costs to retrofit the plant,
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Table 7: MSW Incinerator Violators and Fines Levied (2016-2019)

MSW Incinerator

1 Covanta Plymouth Renewable Energy PA
2 Detroit Renewable Power* Ml
3  Delaware Valley Resource Recovery PA
4 Lancaster County Resource Recovery PA
5  York County Resource Recovery PA
6  Covanta Camden Energy Recovery Center NJ

7 Perham Resource Recovery MN

8  Essex County Resource Recovery NJ

9 Covanta Tulsa Renewable Energy OK

10 Wheelabrator Portsmouth VA

11 Xcel Energy French Island Generating Wi
Station

12 Wheelabrator Bridgeport cT

*Closed in March 2019

Top MSW Violators and Fines Levied (2016-2019)
State

# of # of fines Example of recent
Violations (amount Violations
of fine $)

33 8($73,045) Administrative
27 1 Sustained High Priority
($149,000) Violations for every quar-

ter between April 2016
and March 2019 when
it closed. Sulfur Dioxide,
Carbon Monoxide.

11  4($34,217) Administrative

8 1($42,196) Administrative

8 1($9,148) Administrative

5  4($7,050) Particulate Matter, Sulfur
Dioxide, Carbon Monox-
ide

5 1($11,370) Cadmium, Particulate
Matter, Administrative

3 6($90,960) Particulate Matter, Sulfur
Dioxide, Carbon Monox-
ide

3 0 Unresolved continuous
Carbon Monoxide since
2014

2 1($7,669) Chlorinated Dioxin and
Furans

2 0O Total Hazardous Air Pol-
lutants

1 0 Unresolved continues

Mercury emissions

“The incinerators’ owners say it would be impossible
to retrofit their plants to meet the standards set out in
the legislation and so would have to close if the strict
standards go into effect”*’ The added risk from poor-
ly functioning and non-compliant facilities exacer-
bates existing health risks.

Incinerators and Areas Out of Attainment with
the National Ambient Air Quality Standards
(NAAQS)

The National Ambient Air Quality Standards
(NAAQS) sets national limits for the six criteria
pollutants based on atmospheric (ambient) concen-
trations. Areas of the country are assessed for these
six pollutants: ground level ozone, particulate mat-
ter (PM), lead, sulfur dioxide (SOx) and nitrogen
dioxide (NOx) and carbon monoxide. If an area is
determined to be “not in attainment” for any of the
criteria pollutants, states are expected to develop a
State Implementation Plan (SIP) for achieving at-

tainment through state-selected and enforced con-
trols on emissions.

In order to assess the underlying air quality condi-
tions in the places where incinerators are located, the
Nonattainment Areas for Criteria Pollutants Green
Book (2019) was used to generate a map showing the
location of MSW incinerators within nonattainment
areas (all nonattainment areas for all six criteria pol-
lutants combined). There are 39 incinerators that fall
within a nonattainment area for one or more crite-
ria pollutants. Twenty-two incinerators fall within
two nonattainment areas and five incinerators fall
within three nonattainment areas. The Southeast Re-
source Recovery Facility in Long Beach, California is
the only facility that falls within five nonattainment
areas. Figure 11 depicts the incinerators located in
non-attainment areas in the shaded areas on the
map.
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Figure 11: MSW Incinerators in Non-Attainment Areas
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The presence of incinerators in areas that are in non-
attainment for criteria air pollutants indicates places
where the industry is contributing to already poor air
quality. A recent study has shown that there are sig-
nificant gaps in air pollution monitors used to desig-
nate nonattainment areas and therefore the scope of
the problem may be underestimated. Using satellite
data, this study found that 47.6 million Americans
(up from 23.3 million) live in counties that do not
meet that standard for PM2.5.%® Many of these com-
munities are burdened with pollution from multiple
sources impacting public health and well-being, in-
cluding MSW incinerators.

Diesel Emissions from Waste

Hauling to Incinerators

In addition to stationary source air pollution, waste
incineration impacts environmental and human
health via mobile source emissions derived from the
largely, heavy-duty diesel (HDD) sanitation trucks
that collect and haul almost all MSW in the country
and concentrate near MSW facilities.

“Garbage trucks are one of the least efficient vehi-
cles on the road. Powered by diesel fuel, they aver-
age just 3 miles per gallon, burn about $42,000 of
fuel per year, and emit about 20 times the carbon
emissions of the average US home. As they rumble
down city streets waking residents at dawn, they
make more than 1,000 stops a day and log an av-
erage of 130 miles a day”**

Sanitation trucks release significant health harming
diesel particulates including black carbon and soot
as well as nitrogen oxides, particulate matter, car-
bon monoxide, and volatile organic compounds.*”
One of the most direct and localized sources of air
pollution associated with proximity to MSW incin-
erators are diesel emissions from sanitation trucks.
Since MSW incinerators operate 24 hours a day, sev-
en days a week, the impact of these diesel trucks on
local communities can be significant. Many of these
communities have multiple waste facilities, such as
transfer stations, and may see thousands of diesel
trucks per day from a variety of sources. Waste deliv-
ered to incinerators may originate from more afflu-
ent neighborhoods or even different states and spend
time queuing at the incinerator or traveling into the
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facility via residential streets. Living near a waste site
may mean chronic exposure to diesel fumes which
have been classified as a carcinogen by the National
Cancer Institute?”! and may contain up to 40 types of
hazardous air pollutants.””

Diesel trucks have the worst fuel economy of high-
way vehicles?”” and emit approximately 20 percent
of global anthropogenic emissions of nitrogen ox-
ides (NO, ), which are key PM2.5 and ozone precur-
sors.”’* Rear-loader refuse trucks are most common
for collecting residential trash and have an average
fuel economy of between 1 and 3 miles per gal-
lon.?”” Table 8 summarizes the pounds of pollutants
(VOCs, carbon monoxide, nitrogen oxides, and par-
ticulate matter 2.5 and 10) emitted per day by these
trucks.”® These calculations on based on estimates
of the average refuse truck which travels an estimat-
ed 130 miles per day and 25,000 miles per year.””’
Sanitation trucks consume 43-130 gallons of diesel
fuel daily, based on an average fuel economy.

The average incinerator handling 1,300 tons/day re-
quires a sanitation truck fleet of approximately 186
diesel trucks per day. According to the estimates of
emissions in Table 9, a fleet of this size would emit
(annually) approximately:

« 8,760 Ibs of volatile organic compounds
e 33,215 Ibs of carbon monoxide

o 142,715 Ibs of nitrogen oxides

e 3285Ibsof PM 2.5

The Miami-Dade County Resource Recovery Fa-
cility is the largest MSW incinerator in the country
(4,200 tons/day) and its truck fleet would require
double or triple the amount of trucks required of
the average incinerator. Based on the total amount
of tons hauled in a year and the tonnage an average
sanitation truck can haul, Miami-Dade County Re-

source Recovery Facility’s truck fleet was estimated
to be between 672 and 840 diesel trucks daily. The
total emissions from a fleet of 672 trucks (each 35
cubic yards in size hauling 7 tons of waste) would
emit (annually):

o 31,755 Ibs of volatile organic compounds
e 120,085 lbs of carbon monoxide

e 515,015 Ibs of nitrogen oxides

e 12,4101bs of PM 2.5

The resultant emissions contribute to the health bur-
den and risk in host communities, particularly for
communities that face the cumulative exposure to
multiple mobile and stationary sources of pollution.
These emissions are not factored into the regulato-
ry permits or emissions thresholds for incinerators.
Thus, the full extent of their impact on local health is
underestimated by regulatory agencies.

Table 8: Pollutants Released by Heavy Duty Diesel Sanitation Trucks

Heavy Duty VI Diesel-Burning Refuse Trucks (130 miles/day)

Pollutants
(Ibs/day)

One Truck

Fleet of 119 Trucks
(Ibs/day)

Fleet of 181-265
trucks
(Ibs/day)

Volatile Organic Compounds 0.13 15.43 23.48 - 34.37
Carbon Monoxide 0.49 58.31 88.69 - 129.85
Nitrogen Oxide 21 249.90 380.1-556.5
Particulate Matter 2.5 0.05 5.95 9.05-13.25
Particulate Matter 10 0.05 5.95 9.05-13.25
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Conclusion

MSW incinerators in the U.S. are aging facilities that
face an increasingly uncertain economic future. This
industry benefits from a lax regulatory system and
government support in a variety of forms from direct
public expenditures to renewable energy subsidies.
Incinerators represent an affront to environmental
justice communities by contributing to dispropor-
tionate, cumulative impacts in communities of color
and low-income communities. These communities
are host to a majority of the incinerators in the coun-
try which emit large amounts of health harming air
pollution. Two multinational corporations, Covanta
and Wheelabrator, dominate the incinerator indus-
try, relying on large public sanitation contracts and
energy subsidies to remain profitable. However, in-
cinerators face increasing scrutiny and community
opposition as cities and states advance zero waste
alternatives to incineration. More than thirty plants
have closed in the last twenty years largely due to
economic conditions like the loss of waste volume.
The incineration industry must also deal with tight
competition for tipping fees, and tight profit margins
that are vulnerable to abrupt changes in waste or
electricity markets. Additionally, these facilities are
experiencing rising operation and maintenance costs
as they reach the end of their 30-year life expectancy.

Incinerators emit significant amounts of air pollut-
ants that can contribute to overall environmental
and public health risks. Despite the existence of en-
vironmental regulations, state and federal regulatory
agencies tasked with protecting human health are
not doing enough to monitor and regulate this in-
dustry. Some of the largest emitters of air pollutants
among the MSW incinerators in the U.S. are located
in E] communities. Finally, the relationship between
incinerators and environmental justice communi-
ties reveals the disproportionate impact that this
industry has on the most overburdened areas of the
country who contribute the least, proportionately, to
the waste problem. In the last year alone, two more
incinerators were shuttered, in Detroit and Com-
merce. These facility closures reflect the power of
environmental justice communities to advance the
case against incineration and the impending decline
of MSW incinerators in the U.S.
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APPENDIX A: List of 73 MSW Incinerators in the U.S.

*Red highlight indicates incinerators located in an Environmental Justice community.

Name

Alexandria/Arlington Resource Recovery

Arnold O. Chantland Resource Recovery Plant

Babylon Resource Recovery

Barron County Waste-to-Energy & Recycling

Bay County Waste-to-Energy Facility

Bristol Resource Recovery Facility

City, State
Alexandria, VA
Ames, IA

West Babylon, NY
Almena, WI
Panama City, FL
Bristol, CT

Connecticut Solid Waste System Resource Recovery Hartford, CT

Covanta Camden Energy Recovery Center
Covanta Hempstead

Covanta Plymouth Renewable Energy
Covanta Tulsa Renewable Energy
Delaware Valley Resource Recovery

Detroit Renewable Power

Dutchess County Resource Recovery
Ecomaine Waste-to-Energy

Essex County Resource Recovery
Hampton-NASA Steam Plant

Haverhill Resource Recovery

Hennepin Energy Resource Center
Hillsborough County Resource Recovery
Honolulu Resource Recovery Venture
Huntington Resource Recovery
Huntsville Waste-Energy

1-95 Energy/Resource Recovery
Indianapolis Resource Recovery

Kent County Waste-to-Energy

Lake County Resource Recovery
Lancaster County Resource Recovery
Lee County Resource Recovery
MacArthur Waste-to-Energy

Marion County Solid Waste-to-Energy
McKay Bay Refuse-to-Energy
Miami-Dade County Resource Recovery

Mid-Maine Waste Action Corporation

Montgomery County Resource Recovery
Niagara Falls Resource Recovery
OImsted Waste-to-Energy

Onondaga Resource Recovery

Oswego County Energy Recovery

Palm Beach Renewable Energy #1

Palm Beach Renewable Energy #2

Pasco County Solid Waste Resource Recovery

Camden, NJ
Westbury, NY
Conshohocken, PA
Tulsa, OK

Chester, PA
Detroit, Ml

Poughkeepsie, NY
Portland, ME
Newark, NJ
Hampton, VA
Haverhill, MA
Minneapolis, MN
Tampa, FL
Kapolei, HI

East Northport, NY
Huntsville, AL
Lorton, VA
Indianapolis, IN
Grand Rapids, Ml
Okahumpka, FL
Bainbridge, PA
Fort Myers, FL
Ronkonkoma, NY
Brooks, OR
Tampa, FL

Doral, FL
Auburn, ME

Dickerson, MD
Niagara Falls, NY
Rochester, MN
Jamesville, NY
Fulton, NY

West Palm Beach, FL
West Palm Beach, FL
Spring Hill, FL

Operator
Covanta
City of Ames
Covanta

ZAC Inc
Engen
Covanta
NAES Corporation
Covanta
Covanta
Covanta
Covanta
Covanta

Detroit Renewable
Energy

Wheelabrator
ecomaine
Covanta

City of Hampton
Covanta
Covanta
Covanta
Covanta
Covanta
Covanta
Covanta
Covanta
Covanta
Covanta
Covanta
Covanta
Covanta
Covanta
Wheelabrator
Covanta

Mid-Maine Waste Action
Corp

Covanta
Covanta
Olmsted County
Covanta
Oswego County
Covanta
Covanta

Covanta

Initial Operation Year
1988
1975
1989
1986
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APPENDIX A: Continued

City, State

Operator Initial Operation Year

Penobscot Energy Recovery Company

Perham Resource Recovery

Pinellas County Resource Recovery
Pioneer Valley Resource Recovery
Pittsfield Resource Recovery

Polk County Solid Waste Resource Recovery

Pope/Douglas Waste-to-Energy

SEMASS Resource Recovery

Southeast Resource Recovery

Southeastern Connecticut Resource Recovery
Spokane Waste-to-Energy

Stanislaus County Resource Recovery
Susquehanna Resource Management Complex
Union County Resource Recovery
Wheelabrator Baltimore

Wheelabrator Bridgeport

Wheelabrator Concord

Wheelabrator Falls

Wheelabrator Gloucester Company

Wheelabrator Hudson Falls

Orrington, ME
Perham, MN

St. Petersburg, FL

Agawam, MA
Pittsfield, MA
Fosston, MN
Alexandria, MN

West Wareham, MA
Long Beach, CA

Preston, CT
Spokane, WA

Crows Landing, CA

Harrisburg, PA
Rahway, NJ

Baltimore, MD
Bridgeport, CT
Penacook, NH
Morrisville, PA
Westeville, NJ

Hudson Falls, NY

ESOCO 1988

Prarie Lakes Municipal
Solid Waste Authority

Covanta

Covanta
Covanta
Polk County

Pope/Douglas Solid
Waste Joint Powers
Board

Covanta 1988
Covanta

Covanta

City of Spokane

Covanta

Covanta

Covanta

Wheelabrator

Wheelabrator

Wheelabrator 1989

Wheelabrator

Wheelabrator

Wheelabrator

Wheelabrator Lisbon
Wheelabrator Millbury
Wheelabrator North Andover

Wheelabrator Portsmouth

Wheelabrator Saugus

Wheelabrator South Broward Inc.
Wheelabrator Westchester

Xcel Energy French Island Generating Station
Xcel Energy- Red Wing Steam Plant

Xcel Energy- Wilmarth Plant

York County Resource Recovery Center

Lisbon, CT
Millbury, MA

North Andover, MA

Portsmouth, VA

Saug, MA

Fort Lauderdale, FL

Peekskill, NY
La Crosse, WI
Red Wing, MN
Mankato, MN
York, PA

Wheelabrator 1995
Wheelabrator
Wheelabrator

Wheelabrator

Wheelabrator

Wheelabrator

Wheelabrator

Xcel Energy

Xcel Energy 1987
Xcel Energy

Covanta
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APPENDIX B: Cost Calculations for Average Annual Operation &
Maintenance Costs for MSW Incinerators

SOURCE

World Bank esti-
mates for median
size incinerator
based on tonnage
& fees

U.S. EIA estimates
of waste burning
costs per kilo-
watt-year

York County Re-
source
Recovery Facility

CALCULATION

Median size MSW incinerator = 1,050 tons of waste/day
World Bank average annual operating costs for an incinerator
= $44 to $55 per ton of waste

1,050 ton-per-day facility costs ~$17 million to $21 million
annually to operate

Calculation: 1,050 tons per day of waste X $44 or $55/ton X
365 days

Waste burning costs (2013 estimate) $392.82 per kilo-
watt-year in fixed operating & maintenance cost.

Median gross capacity of electricity production of MSW incin-
erators = 61 MW

$392.82 MW-year X 61 MW ~ roughly $24 million in opera-
tion costs per year

1,344 tons/year capacity
$62/ton = Tipping fee

42 MW/year = electricity sales
O & M reported = $20,440,360

ESTIMATE OF O &M
(ANNUAL $)

(1,050 tons/day x
365 days x $44-
$55/ton) =

$17 million - $21
million

$392,820 X 61 MW

$24 million

Publicly available
financial records
$20,440,360
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APPENDIX C: Incinerator Tip Fee Sources

State Incinerators Tip Fee Source of Tip Fees

AL Huntsville Waste-Energy $40.00 Ulloa et al, [report], 2019

CA Stanislaus County Resource Recovery $39.00 Government Technology, [article], 2015
Southeast Resource Recovery $80.00 City of Long Beach, CA, [article], 2018

cT Wheelabrator Lisbon $65.00 Town of Lisbon, CT, [report], 2011

$75.00
Wheelabrator Bridgeport $60.00  City of Bridgeport, CT, [report], 2018
CT Solid Waste System Resource Recovery $72.00 Hartford Courant, [article], 2018

FL Wheelabrator South Broward Inc. $64.21  Golden Beach, FL, [document], 2019
Pinellas County Resource Recovery $37.50  Pinellas County, FL, [website], 2019
Pasco County Solid Waste Resource Recov-  $59.30 [ee County, FI:, [report], 2018
ery
Palm Beach Renewable Energy #1 $42.00 [ee County, FL, [report], 2018
Palm Beach Renewable Energy #2 $42.00 Tee Count;f, FL, [re;)ort], 2018
McKay Bay Refuse-to-Energy $71.00  City of Tampa, FL, [document], 2019
Lee County Resource Recovery $50.20 Lee' County, FL, [report], 2018

$67.45
Miami-Dade County Resource Recovery $62.67 Miami-Dade County, FL, [website], 2019
Hillsborough County Resource Recovery $69.40 [ ee County, FL, [dolcument], 2018
HI Honolulu Resource Recovery Venture $45.00 City and Ciountv of Honolulu, [report],
M : i

IA Arnold O. Chantland Resource Recovery Plant  $55.00  City of Ames, IA, [report], 2016

IN N/A N/A N/A )

MA  Wheelabrator North Andover $69.54  Town of Waterton, MA, [document], 2014
Wheelabrator Millbury $67.99  Town of Northborough, MA, [report], 2017
SEMASS Resource Recovery $78.37  The Patriot Ledger, [article], 2018
Haverhill Resource Recovery $58.00 Town of Bedford, MA, [website], 2018

MD  Wheelabrator Baltimore $50.00 [Inst. for Local Self-Reliance, [report], 2017
Montgomery County Resource Recovery $60.00 Montgomery County, MA, [document],

2018 5 ) )

ME Penobscot Energy Recovery Company $81.50 CommonWealth. [document]. 2018
Mid-Maine Waste Action Corporation $82.00 Sun Journal, [article], 2018
ecomaine Waste-to-Energy $73.00  Sun Journal, [article], 2018

MiI Kent County Waste-to-Energy $55.00 Michigan Live, [report], 2017
Detroit Renewable Power $15.00- Great Lakes Enviro. Law Ctr, [report], 2018

$25.00 B
MN  Perham Resource Recovery $80.00  Minn. Pollution Control Age., [report],
2012
Pope/Douglas Waste-to-Energy $98.00 Echo Press, [article], 2018
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https://www.researchgate.net/publication/265821903_Potential_for_Combined_Heat_and_Power_and_District_Heating_and_Cooling_from_Waste-_to-Energy_Facilities_in_the_US_-_Learning_from_the_Danish_Experience
https://www.govtech.com/fs/California-Waste-to-Energy-Plant-May-Lose-Renewable-Energy-Status.html
https://www.prnewswire.com/news-releases/city-of-long-beach-and-covanta-amend-agreement-to-invest-in-future-operations-of-the-southeast-resource-recovery-facility-300710334.html
http://www.lisbonct.com/PDF/2011%20Ann%20Report%20on%20line%20version.pdf
https://emma.msrb.org/ER1107826-ER866362-ER1267046.pdf
https://www.courant.com/community/manchester/hc-ct-news-trash-plant-broken-20181218-mqdmvowbtvcqfpd54rk7cuqm6m-story.html?utm_source=Sailthru
http://www.goldenbeach.us/wp-content/uploads/2017/01/RESO-2466.16-APPROVING-WASTE-DISPOSAL-AGREEMENT-WITH-WHEELABRATOR.pdf
http://www.pinellascounty.org/solidwaste/landfill-payment-options.htm
https://www.leegov.com/solidwaste/Documents/Rev%20Suffic%20%20Rate%20Study%202018%20Final.pdf
https://www.leegov.com/solidwaste/Documents/Rev%20Suffic%20%20Rate%20Study%202018%20Final.pdf
https://www.leegov.com/solidwaste/Documents/Rev%20Suffic%20%20Rate%20Study%202018%20Final.pdf
https://www.tampagov.net/sites/default/files/solid-waste/files/solid_waste_fees.pdf
https://www.leegov.com/solidwaste/Documents/Rev%20Suffic%20%20Rate%20Study%202018%20Final.pdf
https://www8.miamidade.gov/global/service.page?Mduid_service=ser150282068351856
https://www.leegov.com/solidwaste/Documents/Rev%20Suffic%20%20Rate%20Study%202018%20Final.pdf
https://swana.org/Portals/0/awards/2016/winners/CityandCountyofHonolulu_WastetoEnergy.pdf
https://swana.org/Portals/0/awards/2016/winners/CityandCountyofHonolulu_WastetoEnergy.pdf
https://businessdocbox.com/Green_Solutions/80663764-Arnold-o-chantland-resource-recovery-system-2016-annual-report.html
https://www.watertown-ma.gov/DocumentCenter/View/14368/02-11-2014-Proposed-Second-Amendment-to-the-Service-Agreement-with-Wheelabrator-North-Andover?bidId=
http://www.town.northborough.ma.us/Pages/NorthboroughMA_WebDocs/FY2018Budget/EnterpriseFunds.pdf
https://www.patriotledger.com/news/20180329/cost-to-remove-trash-going-up
https://www.bedfordma.gov/home/news/global-changes-in-recycling-require-bedford-to-recycle-right
https://ilsr.org/wp-content/uploads/2017/03/Why-Should-Baltimore-Recycling-More-Report-final.pdf
https://www.montgomerycountymd.gov/SWS/Resources/Files/swc/swc-rate-detail.pdf
https://www.montgomerycountymd.gov/SWS/Resources/Files/swc/swc-rate-detail.pdf
https://www.mrcmaine.org/wp-content/uploads/2018/05/Asset-Management-Report-2018-Q2.pdf
https://www.sunjournal.com/2018/11/04/recycling-bad-habits-put-municipal-programs-at-risk/
https://www.sunjournal.com/2018/11/04/recycling-bad-habits-put-municipal-programs-at-risk/
https://www.mlive.com/business/west-michigan/2017/10/rate_dispute_with_consumers_en.html
http://mediad.publicbroadcasting.net/p/michigan/files/breathe_free_detroit_incinerator_report_v2.pdf?_ga=2.98880412.304264197.1526676185-1828790670.1486406715
https://www.pca.state.mn.us/sites/default/files/p-ear2-30e.pdf
https://www.pca.state.mn.us/sites/default/files/p-ear2-30e.pdf
https://www.echopress.com/news/government-and-politics/4495725-county-board-approves-doubling-solid-waste-fee-2019-first

APPENDIX C: Continued

State Incinerators Tip Fee  Source of Tip Fees

Olmsted Waste-to-Energy $83.00-  Governmental Advisory Assoc. [report],
$108.31 2012 ’

Hennepin Energy Resource Center $85.00  Hennepin County, MN, [report], 2019

NH  Wheelabrator Concord $64.00  Concord Monitor, [article], 2013

NJ Wheelabrator Gloucester $83.50 Town of Rockport, MA, [report], 2019
Union County Resource Recovery $107.00 Union Co. Utilities Authority, [website],

2018 )
Essex County Resource Recovery $130.55  Atlantic Co. Utilities Authority, [website],
2018

Covanta Camden Energy Recovery $68.68 Town of Berlin, New Jersev, [document],
Center 2018 ’

NY Wheelabrator Westchester $75.95  USA Today, [article], 2014
Wheelabrator Hudson Falls $62.00 Hamilton éount;z NY, [report], 2012
Oswego County Energy Recovery $75.00 Oswego County, [document], 2018
Onondaga Resource Recovery $95.00  Syracuse, [article], 2018
Dutchess County Resource Recovery ~ $76.15 butchess Countyv, NY. [report], 2017

OK N/A N/A N/A l )

OR N/A N/A N/A

PA Delaware Valley Resource Recovery $63.00  City of Philadelphia, [report], 2018
Susquehanna Resource Management  $85.00 Pre’ss & Iournal: [article]L 2016
Complex
York County Resource Recovery $62.00  YC Solid Waste Authority, [website] 2019
Center ’
Lancaster County Resource Recovery  $62.00 SWANA, [report], 2012
Covanta Plymouth Renewable Energy $59.76  The Inquirer, [article], 2019

VA Wheelabrator Portsmouth $62.00 The Virginia- Pilot, [article] 2018
I-95 Energy/Resource Recovery $66.00  Fairfax County, [report], 2018
Alexandria/Arlington Resource Re- $49.42  City of Alexandria, VA, [report], 2012
covery

WA  Spokane Waste-to-Energy $107.53 City of Spokane, [website], 2019

Wi Xcel Energy French Island Generating  $62.00 [ a Crosse Solid Waste Dpt, [website], 2019
Station
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http://www.unioncountyutilitiesauthority.org/2018-disposal-notice/
http://www.unioncountyutilitiesauthority.org/2018-disposal-notice/
http://www.acua.com/uploadedFiles/Site/Disposal_And_Recycling/Location_and_Landfill/State_Tip_Fees.pdf
http://www.acua.com/uploadedFiles/Site/Disposal_And_Recycling/Location_and_Landfill/State_Tip_Fees.pdf
http://berlintwp.com/wp-content/uploads/2018/07/January-222c-2018.pdf
http://berlintwp.com/wp-content/uploads/2018/07/January-222c-2018.pdf
https://www.lohud.com/story/news/politics/2014/06/13/garbage-investigation-counties-tossing-cash/10447309/
http://www.lisbonct.com/PDF/2011%20Ann%20Report%20on%20line%20version.pdf
http://www.oswegocounty.com/dsw/documents/2018%20res%20fees.pdf
https://www.syracuse.com/news/2018/10/trash_disposal_fees_to_rise_nearly_7_percent_next_year_in_onondaga_county.html
http://www.dcrra.org/reports/dcrra_financial10.pdf
https://www.philadelphiastreets.com/images/uploads/documents/5-31-2018_Philadelphia_Non-Substantial_Plan_Revision_2018-2027.pdf
http://www.pressandjournal.com/stories/were-not-trying-to-raise-a-stink-about-trash-pickup,867
http://www.ycswa.com/disposal-of-household-waste/
https://swana.org/portals/Press_Releases/Economic_Benefits_WTE_WP.pdf
https://www.philly.com/science/climate/recycling-costs-philadelphia-incinerator-waste-to-energy-plant-20190125.html
https://pilotonline.com/news/government/local/article_5dca75d2-d868-11e8-b70b-835933f86cb8.html
https://www.fairfaxcounty.gov/publicworks/recycling-trash/commercial-disposal-fees
https://www.alexandriava.gov/uploadedFiles/tes/info/ArlingtonAlexandria-CovantaWasteDisposalandServiceAgreementFullyExecuted.pdf
https://my.spokanecity.org/solidwaste/locations/
http://www.lacrossecounty.org/solidwaste/businesses.asp

APPENDIX D: Pollutants and Related Health Impacts

Pollutant Short Term Health Impacts Long Term Health Impacts and High

Exposure

Nitrogen Oxides
(NOx)

Aggravates asthma, leading to
respiratory symptoms, hospital
admissions.?!’

Asthma and respiratory infections.??

Very high exposure may cause death, genetic
mutations, decreased female fertility,
spasms, swelling of the throat, rapid pulse,
and dilated heart.3?°

Causes coughing and choking, nausea,
headache, abdominal pain, and
difficulty breathing.3!8

Sulfur Dioxide Inflames and irritates the respiratory ~ Reduces lung function and causes incidences

(S02) system and causes breathing of respiratory symptoms and diseases.??2
difficulties especially during heavy
physical activity.3*! High concentrations can affect lung function,
worsen asthma attacks, and worsen existing
heart disease.???
Dioxins The most harmful man-made toxins Causes cancer, reproductive and
known to humans.?** Causes poor developmental problems, damage to the
liver and immune functioning, and immune system, and interference with
neurological impairment.3?® hormonal systems.32¢
Mercury Neurological and behavioral Overexposure may cause permanent
disorders.?*’ neurological damage. 3%
Symptoms include tremors, insomnia, ~ TOXic .effects on the kidneys, nervous,
memory loss, neuromuscular effects, digestive and immune systems, and on
headaches and cognitive and motor lungs, skin and eyes.**
dysfunction.??®
Lead Relatively low levels can disrupt Can affect virtually every organ system.**

normal development of the central
nervous system, especially during
fetal life and early childhood.?*!

Prolonged exposure may increase risk of
high blood pressure, heart disease, and

kidney disease. 33
May cause miscarriage, stillbirths, and

infertility.332

Particulate Matter
>10 pm (includes
PM10 and 2.5)

Deposits into the trachea and deeply
into the lungs, irritates and corrodes
the alveolar wall, and impairs lung

Overall mortality and mortality of lung
cancer increases by 4%, 6% and 8%,
respectively, for every 10 pg/m3 PM2.5

functioning.33® increase.?¥”

Causes aggravation of asthma, Cardiovascular disease
respiratory symptoms and an increase

in hospital admissions.33¢ Respiratory disease
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APPENDIX E: Dirty Dozen List Tables (2014)

Environmental justice communities are marked with a red square at the start of the row
Emissions data in the table below is sourced from the U.S. EPA ECHO Database

NITROGEN OXIDE

MSW Incinerator State Tonnage Tonnage Nox NOx Rate
perday peryear emissions  (poundspertonof
(2014, pounds) waste)

. Mid-Maine Waste Action Corporation Auburn ME 200 73000 563,885 7.72
. Xcel Energy- Wilmarth Plant Mankato MN 720 262800 1,331,571 5.07

Lake County Resource Recovery Okahumpka FL 528 192720 950,783 493
. Oswego County Energy Recovery Fulton NY 200 73000 341,157 4.67

Xcel Energy- Red Wing Steam Plant Red Wing MN 720 262800 1,226,000 4.67
. Pasco County Solid Waste Resource Spring Hill FL 1,050 383250 1,615,941 421

Recovery

Barron County Waste-to-Energy & Re- Almena Wi 90 32850 130,658 3.98

cycling

Wheelabrator Concord Penacook NH 500 182500 702,486 3.85
. Pope/Douglas Waste-to-Energy Alexandria MN 240 87600 319,023 3.64
. Covanta Plymouth Renewable Energy Conshohocken PA 1,216 443840 1,586,220 3.58
. Wheelabrator Millbury Millbury MA 1,500 547500 1,871,826 3.42

Haverhill Resource Recovery Haverhill MA 1,650 602250 2,045,774 3.4

SULFUR DIOXIDE

MSW Incinerator State Tonnage Tonnage SO, SO, Rate
perday peryear emissions  (poundspertonof
(2014, pounds) waste)
Hampton-NASA Steam Plant Hampton VA 240 87600 161,040.00 1.84
Barron County Waste-to-Energy & Re- Almena Wi 90 32850 42,250.90 1.29
cycling
. Wheelabrator Millbury Millbury MA 1,500 547500 603,770.00 11
. Wheelabrator Baltimore Baltimore MD 2,250 821250 621,703.00 0.76
. Palm Beach Renewable Energy H#1 West Palm Beach FL 2,000 730000 491,910.62 0.67
Wheelabrator Concord Penacook NH 500 182500 113,259.48 0.62
SEMASS Resource Recovery West Wareham MA 3,000 1095000 647,847.60 0.59
. Niagara Falls Resource Recovery Niagara Falls NY 2,250 821250 450,413.00 0.55
[ Wheelabrator Portsmouth Portsmouth VA 2,000 730000 398,981.58 0.55
. Mid-Maine Waste Action Corporation Auburn ME 200 73000 35,986.98 0.49
. Xcel Energy French Island Generating La Crosse Wi 400 146000 65,811.60 0.45
Station
. Pope/Douglas Waste-to-Energy Alexandria MN 240 87600 39,136.10 0.45
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APPENDIX E: Continued

LEAD
MSW Incinerator Tonnage Tonnage Lead Lead Rate
perday peryear emissions  (pounds pertonof
(2014, pounds) waste)

. Wheelabrator Hudson Falls Hudson Falls NY 500 182500 289.83 0.0016
Polk County Solid Waste Resource Re- Fosston MN 80 29200 45.37 0.0016
covery
Bay County Waste-to-Energy Panama City FL 500 182500 197.95 0.0011

. Covanta Camden Energy Recovery Cen-  Camden NJ 1,050 383250 380.00 0.0010
ter

. Essex County Resource Recovery Newark NJ 2,277 831105 631.80 0.0008

. Wheelabrator Gloucester Westeville NJ 500 182500 95.20 0.0005

. ecomaine Waste-to-Energy Portland ME 550 200750 80.20 0.0004

. Wheelabrator Baltimore Baltimore MD 2,250 821250 293.93 0.0004
Hampton-NASA Steam Plant Hampton VA 240 87600 26.53 0.0003

. Susquehanna Resource Management Harrisburg PA 800 292000 77.20 0.0003
Complex

B Mid-Maine Waste Action Corporation Auburn ME 200 73000 17.90 0.0002

B Covanta Tulsa Renewable Energy Tulsa OK 750 273750 66.00 0.0002

MERCURY
MSW Incinerator Tonnage Tonnage Mercury Mercury Rate
perday peryear emissions  (pounds pertonof
(2014, pounds) waste)
. Babylon Resource Recovery West Babylon NY 750 273750 319.79 0.001168
Hampton-NASA Steam Plant Hampton VA 240 87600 21.29 0.000243

B Wheelabrator Hudson Falls Hudson Falls NY 500 182500 26.00 0.000142

. Pinellas County Resource Recovery St. Petersburg FL 3,150 1149750 134.89 0.000117

. Barron County Waste-to-Energy & Re- Almena WI 920 32850 3.83 0.0001165
cycling
Bay County Waste-to-Energy Panama City FL 500 182500 18.16 0.0000995
Dutchess County Resource Recovery Poughkeepsie NY 450 164250 15.96 0.0000869
Susquehanna Resource Management Harrisburg PA 800 292000 25.40 0.00006714
Complex

. Essex County Resource Recovery Newark NJ 2,277 831105 55.80 0.0000641

. Wheelabrator Baltimore Baltimore MD 2,250 821250 52.68 0.000064
MacArthur Waste-to-Energy Ronkonkoma NY 486 177390 11.36 0.0000597

. Marion County Solid Waste-to-Energy Brooks OR 550 200750 12.00 0.0000562
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APPENDIX E: Continued

PM25
MSW Incinerator

. Wheelabrator Gloucester

[l OImsted Waste-to-Energy

. Delaware Valley Resource Recovery
[ Wheelabrator Falls

. Essex County Resource Recovery

. Palm Beach Renewable Energy #1
. Honolulu Resource Recovery Venture

[ Pinellas County Resource Recovery

. Covanta Camden Energy Recovery Cen-
ter

Montgomery County Resource Recovery
Lancaster County Resource Recovery
[ Spokane Waste-to-Energy

PM1o
MSW Incinerator

. Wheelabrator Gloucester

. Palm Beach Renewable Energy H#1
. Olmsted Waste-to-Energy

. Pinellas County Resource Recovery
Wheelabrator Falls

Honolulu Resource Recovery Venture

Essex County Resource Recovery

Susquehanna Resource Management
Complex

Montgomery County Resource Recovery

Covanta Camden Energy Recovery Cen-
ter

. Spokane Waste-to-Energy
Bay County Waste-to-Energy

Westeville
Rochester
Chester
Morrisville
Newark

West Palm Beach
Kapolei

St. Petersburg
Camden

Dickerson
Bainbridge
Spokane

Westeville

West Palm Beach
Rochester

St. Petersburg
Morrisville
Kapolei

Newark

Harrisburg

Dickerson
Camden

Spokane
Panama City

State Tonnage Tonnage PM2s

NJ
MN
PA
PA
NJ
FL
HI
FL
NJ

MD
PA
WA

per day

500
400
2,688
1,500
2,277
2,000
3,000
3,150
1,050

1,800
1,200
800

State Tonnage

NJ
FL
MN
FL
PA
HI
NJ
PA

MD
NJ

WA
FL

per day

500
2,000
400
3,150
1,500
3,000
2,277
800

1,800
1,050

800
500

per year emissions

(2014, pounds)
182500 70,463.00
146000 31,577.00
981120 201,191.11
547500 108,230.44
831105 153,748.40
730000 133,364.59
1095000 182,757.22
1149750 191,063.17
383250 59,094.80
657000 98,760.26
438000 57,033.04
292000 33,400.00

Tonnage PM_10 _

per year emissions

(2014, pounds)
182500 70,472.00
730000 233,481.65
146000 34,562.30
1149750 248,555.57
547500 117,515.00
1095000 207,877.43
831105 153,750.40
292000 51,696.80
657000 102,090.80
383250 59,094.80
292000 41,600.00
182500 25,131.29

PMz2:5 Rate

(pounds per ton of
waste)

0.39
0.22
0.21

0.2
0.18
0.18
0.17
0.17
0.15

0.15
0.13
0.11

PM1o Rate

(pounds per ton of
waste)

0.39
0.32
0.24
0.22
0.21
0.19
0.18
0.18

0.16
0.15

0.14
0.14
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APPENDIX E: Continued

Carbon Monoxide
MSW Incinerator

. Palm Beach Renewable Energy #1
Bay County Waste-to-Energy
. Wheelabrator Hudson Falls
. Miami-Dade County Resource Recovery
Dutchess County Resource Recovery
. Xcel Energy- Wilmarth Plant
. Mid-Maine Waste Action Corporation
[ SEMASS Resource Recovery

. Southeastern Connecticut Resource
Recovery

. Connecticut Solid Waste System Re-
source Recovery

. Hampton-NASA Steam Plant
B Wheelabrator Portsmouth

State Tonnage Tonnage CO

West Palm Beach FL

Panama City FL
Hudson Falls NY
Doral FL
Poughkeepsie NY
Mankato MN
Auburn ME
West Wareham MA
Preston cT
Hartford cT
Hampton VA
Portsmouth VA

per day

2,000
500
500

4,200
450
720
200

3,000
669

2,850

240
2,000

per year

730000
182500
182500
1533000
164250
262800
73000
1095000
244185

1040250

87600
730000

emissions
(2014, pounds)

1,278,240.83
298,058.13
201,226.82
1,532,163.55
160,557.00
234,146.38
58,108.53
777,220.60
166,789.51

692,894.45

54,664.65
448,816.25

CO Rate

(pounds per ton of

waste)
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175
163
11

0.98
0.89

0.8
071
0.68

0.67

0.62
0.61
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“Deliver or pay”, or how waste incineration

causes recycling to slow down
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INCINERATION VS

RECYCLING

A lesson from Pietrasanta

B

Is incineration compatible with recycling?

A common argument in the past has been that we could recycle as much of the
waste as possible and burn what remains. In reality, however, incineration can

discourage recycling. Here’s why.

Recycling VS incineration

In Europe, burning waste in the so-called “waste-to-energy” plants is an increasingly

common practice. About a quarter of all municipal solid waste is burned in 450

incinerators in mostly central, northern and western European Member States. This
practice is often presented as a sustainable option to manage municipal waste. But
trash is not a renewable resource. Producing resources that end up as waste
requires great amounts of energy, which can be saved by recycling the materials

instead of extracting virgin ones. Recycling is also more profitable and creates more
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jobs than incineration. From an environmental as well as social point of view, there is

no doubt that recycling is the best method for dealing with waste.

How incineration is slowing recycling down

Incinerators are expensive to build, so in order to make profit and repay the
investment costs, they need a guaranteed stream of waste. Therefore, “waste-to-
energy” plants require municipalities to sign long-term contracts compelling them to
deliver a minimum quantity of waste for 20 to 30 years, or pay fees to compensate
the incinerator company for lost profits. With such contracts in place, municipalities
commit to generating a certain amount of waste, instead of decreasing that amount

while increasing their recycling rate.

A remarkable case from lItaly illustrates this problem in practice. In 2002 a medium
sized incinerator in Pietrasanta was built by the order of the regional government of
Tuscany without the approval of the surrounding municipalities. The incinerator was
managed by the private firm Veolia for 7,5 years, until it was shut down in July 2010.
The main reason for closing down the plant was the violation of environmental

standards, mostly due to inappropriate wastewater treatment.

However, during the operation, there was a conflict between the 6 municipalities and
the plant management due to the “deliver or pay” contracts imposed by the regional

government.

Municipalities had implemented a door-to-door separate collection scheme in line

with European Waste Framework Directive in order to meet national recycling targets

of 65%. Separate collection in the municipalities had therefore reduced the amount
of dry waste below the minimum of 10 000 tons per year — the minimum quantity
stated in the contracts. In response, the plant management demanded a total of 13
million Euros to be paid by the municipalities, which started a legal war between the
years of 2010 to 2015. The municipalities, trapped in a lose-lose situation, ended up
paying 5 million Euros of fines due to their unfulfilled contractual obligations, just

because they had successfully implemented separate collection of waste.
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Such cases are increasingly common around Europe, and especially in the United

Kingdom.

In Nottinghamshire, the County Council refused separate food waste collection in
order to avoid the fines for not meeting the waste delivery targets for incineration.
Another City Council in Stoke-on-Trent has been fined for delivering lower than
minimum waste tonnage levels at their local incinerator. In Derby the recycling rate
have fallen from 42% to 31% over a course of a year, due to specific provisions on
the composition of the waste in the contract with the waste burning plant, which

encouraged the incineration of recyclable and compostable material.

The situation in the EU, and what the European Parliament can do about it

Because of misconceptions and sometimes poorly transparent decision making
process, incineration is unfortunately still a common practice around Europe. Every
year less than 40% of waste is recycled or reused, whereas up to 90% recycling
should be attainable. Instead of selling the recyclables for reuse, which would be
both economically and environmentally efficient, the “deliver or pay” contracts require
municipalities to burn valuable resources. This approach is counter intuitive to the

already modest European waste reduction targets for 2020. Not to mention that

recycling saves massive amounts of CO, emission and can play an important role in

meeting the objectives on climate change as set in the Paris Agreement. We

currently burn 81 million tons of waste in EU every year. There is a potential to
reduce the amount of waste to 25 million tons per year, if we implement proposed
zero waste and circular economy plans, as many cities have already done. By 2030,
EU’s incineration capacity could be reduced by 75% when all European cities would
repair, reuse or recycle at least 85% of their materials, like Treviso does today. If we

want to increase the recycling rate we need to stop financing incineration now.

The European Parliament is currently discussing the European Directive on
Renewable Energy. RED Il will be implemented in the following decade, influencing
the choices of local policy makers and financial investors. It's important that financial

support for renewables is in line with the recommendations of Commission’s



https://zerowasteeurope.eu/downloads/the-potential-contribution-of-waste-management-to-a-low-carbon-economy/
https://zerowasteeurope.eu/downloads/the-potential-contribution-of-waste-management-to-a-low-carbon-economy/
https://zerowasteeurope.eu/downloads/the-potential-contribution-of-waste-management-to-a-low-carbon-economy/
http://ec.europa.eu/environment/waste/waste-to-energy.pdf

communication on waste to energy to

phase out support schemes for waste incineration. The European

Parliament’'s Committee on Industry, Research and Energy (ITRE) will vote on the
issue of renewable energy support schemes for energy from mixed wastes on

November 28th.

Claims that recycling and incineration are compatible practices are misleading,

as incineration stifles recycling. “Deliver or pay” contracts cause a lock-in effect and
hamper efforts on reduction and separate collection, hence are in conflict with the
European environmental objectives.“Incinerators are expensive to build, so in order
to make profit and repay the investment costs, they need a guaranteed stream

of waste”
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ASX: DVP

Develop outlines clear strategy to capitalise
on surging demand for energy transition
metals and underground mining skills

Develop launched its five-year business plan which outlines a clear pathway for value
creation

The strategy is based on production of energy transition metals and provision of underground
mining services — both set for exponential demand growth over the coming years.

Exposure to key energy transition metals via ownership of two assets (currently Woodlawn and
Sulphur Springs) in tier-one locations of Australia.

Aim to produce over 50,000 tonnes per annum of copper equivalent metal.

Mining Services: Poised to capitalise on the huge increase in demand and pricing for underground
skills via team of world-class underground mining specialists

Leading global fund BlackRock comes on as a 5.2% substantial shareholder

Delivered arobust Mineral Resource Estimate for the Woodlawn Underground Mine of 7.3Mt
at 12.0% ZnEq'; Two thirds of the Resource is in the higher-confidence category of
Measured and Indicated

In addition to the Woodlawn Resource, the assessment identified 5.1Mt of mineralisation
next to the historical underground workings, which had mined grades of ~15.9% ZnEq?

Excavation of underground drilling platforms at Woodlawn is well advanced and will enable
an extensive mine life extension and exploration drilling program to commence in the
December quarter

Delivered a substantial increase in Mineral Resources for Sulphur Springs Deposit to 13.8Mt
@ 8.3% ZnEq?; Contained metal increased to 786Kt Zn, 153Kt Cu & 10.4Moz Ag
Substantial increase in geological confidence with ~90% of Resource in the Indicated category
Grade increases significantly: zinc up +50%, silver up +15%

The Resource is conservative because it is calculated on a net smelter return basis, or payable
metal, making it the project’s most robust Resource to date

Updated Sulphur Springs mine plan and project cost studies are underway; All project
approvals have been obtained

Exploration drilling completed at Sulphur Springs, Kangaroo Caves and Evelyn in WA

Develop’s Mining Services division completed 1047m of underground development at
Bellevue Gold, in line with the mining schedule and generating A$9.1M in contract revenue

Develop (ASX: DVP) is pleased to report on a pivotal quarter for the Company, during which it outlined a clear
strategy to create substantial value by capitalising on the forecast growth in demand for energy transition metals
and underground mining skills.

PRODUCING POTENTIAL DEVELOP GLOBAL LIMITED +(61 8) 6389 7400 234 RAILWAY PARADE
ABN: 28 122 180 205 HELLO@DEVELOP.COM.AU WEST LEEDERVILLE WA 6007



Develop Managing Director Bill Beament said: “We have laid out a robust plan for creating significant value in two
core areas where demand will exceed supply by a substantial margin.

“Woodlawn and Sulphur Springs zinc-copper projects provide us with two exceptional, high-growth assets in tier-
one locations. These assets will produce the metals which will enjoy exceptionally favourable supply-demand
fundamentals as the decarbonisation and energy transition themes accelerate.

“We will also benefit from the significant growth already underway in demand for underground mining services.
The current supply deficit in this area will only increase and we have established an outstanding team who can
provide these services.”

Mr Beament said Develop was entering what would be an extremely active period on all three fronts.
“At Woodlawn, the development of underground drilling platforms is progressing well,” he said.

“We published an updated JORC Resource based on our extensive review of the drilling data we inherited as part
of the acquisition. The Resource is not only large and high-grade, but it is extremely robust due to the application
of number of technical parameters during the estimation process.

“At Sulphur Springs, we also released an outstanding updated JORC Resource result which demonstrates that
the project is well on track to becoming a significant producer of zinc and copper.

“This will be followed by a reserve update, optimised mine development plan, revised project costings and
exploring funding options.

“Our underground services division continues to perform extremely well as part of the agreement we have at the
Bellevue Gold Mine.

“The world-class team of underground specialists we have put together for the contract, combined with Bellevue’s
highly experienced team, are adhering well to the contract schedule.”

Occupational Health, Safety and Environmental

Group loss time injury frequency rate “LTIFR” is 0.0 (injuries per million work hours), WA Underground
metalliferous industry average is 2.4

Group total recordable incident frequency rate “TRIFR” is 0.0, WA Underground metalliferous average is 9.2.

There have been no major or reportable environmental or heritage incidents for the past quarter.

Woodlawn Zinc Copper Mine

Develop’s Woodlawn Mine is located in the world class Lachland Fold belt in NSW, 250km south-west of Sydney
and 40km south of Goulburn. Historically, the Woodlawn Mine operated from 1978 to 1998 and processed 13.8Mt
of ore from the Woodlawn open pit, underground and minor satellite deposits grading 15.9% ZnEq! (9.1% Zn,
1.6% Cu, 3.6% Pb, 0.5g/t Au and 74g/t Ag).

The Company recommenced exploration mining activities at the Woodlawn site during the September Quarter,
with the initial focus on the assessment of the mines extensive infrastructure as well as commencing the
underground development for the excavation of drill platforms.

The new drill platforms, coupled with existing cuddies will enable an extensive underground exploration drilling
campaign to commence in the December quarter. The drilling strategy is aimed at converting Inferred Resources
to Indicated, extending the mineralised lenses at depth/along strike and drill-testing recently-identified EM
conductors.

The September quarter saw the continued arrival of several key management staff as well as the mobilisation of
the final mining equipment required for this development work. Recruitment for additional mining, geology and
maintenance staff also took place with high levels of interest in the mine from experienced personnel.

Re-establishment of surface pumping, explosives storage, electrical infrastructure and site security was also
completed, with refurbishment of the coreyard infrastructure and contractor laydown underway.



Woodlawn Mineral Resource Update

The Company also released an updated Mineral Resource Estimate (MRE) for the Woodlawn (Underground)
deposit (see ASX release 2 August, 2022).

The updated Woodlawn Underground MRE of 7.3Mt @ 12.0% ZnEqg?! (5.7% Zn, 1.8% Cu, 2.0% Pb, 44.9/t Ag &
0.6g/t Au) represent the most robust and resilient resource for the deposit to date and includes applying a NSR,
geometallurgical domaining and Minable Stope optimisation (MSO) to fully elucidate the potential for economic
extraction.

Approximately 65% of the MRE has been classified as Measured and Indicated, with the remaining resources in
the Inferred category (Figure 1).

A further 5.1Mt of remnant mineralisation has been identified proximal to historic workings (excluded from updated
MRE). The remnant mineralisation has potential to significant increase the projects economic outcomes,
evaluation of this material is currently underway.

:

-~ 00X

-~ 13007

ooy 47
00K

Figure 1. Woodlawn MRE oblique long section.

Sulphur Springs Zinc Copper Project

Develop’s Sulphur Springs Project is located 112km south-east of Port Hedland in Western Australia and hosts a
total Mineral Resource comprising 17.4 million tonnes grading 8.3% ZnEg? (5.8% zinc, 1.0% copper and 21g/t
silver).

The Definitive Feasibility Study (see ASX release 10 October 2018) delivered a Pre-Tax NPV8% of A$472 million
based on a copper price of US$6300/tonne and zinc price of US$2650/tonne. Current prices are significantly
higher for both metals.

Sulphur Springs Environment Approvals

The Sulphur Springs Mining Proposal and Mine Closure Plan was approved by the Department of Mining, Industry
Regulation and Safety on 15 August 2022 along with the granting of the Sulphur Springs works approval by
Department of Water and Environmental Regulation on the 8 September 2022. Receipt of these two approvals,
in combination with the approvals currently held, allows full regulatory implementation of the project.

Sulphur Springs Mineral Resource Update

During the quarter, the Company also released an updated Mineral Resource Estimate (MRE) for the Sulphur
Springs deposit (see ASX release 6 September, 2022).



The updated Sulphur Springs MRE of 13.8Mt @ 8.3% ZnEq? (5.7% Zn, 1.1% Cu, 0.3% Pb, 22.5g/t Ag & 0.2g/t
Au) is reported on the basis of a $80/t Net Smelter Return (NSR) and represents the most robust resource for the
deposit to date, including geometallurgical domaining and recoveries to fully elucidate the potential for economic
extraction.

The updated MRE has resulted in Indicated resources increasing from to ~68% to ~90% of the total (Figure 2).
Step-out and exploration drilling has also highlighted ongoing potential for expansion to the known mineralisation.

The update MRE has also led to a 260Kt increase in contained zinc metal, a 2.4Moz increase in silver metal, with
a decrease of 56Kt in contained copper metal.

The updated MRE further paves the way for an increased Reserve, optimised mine development plan, revised
project costings and exploring numerous funding options which are all currently underway.

Resource Metallurgical Tonnes NSR
Category Domain (kt) (SA/t)

m 209 $381 0.3 0.1 4.2 18.9 0.1 29.8
6,655 $313 5.7 0.3 1.4 21.8 0.1 23.9
Indicated

Zn% Pb % Cu% Agg/t Aug/t Fe %

m 5,495 $289 5.8 0.3 0.9 22.0 0.1 21.0
Sub-total 12,360  $303 5.6 0.3 1.2 21.9 0.1 22.7
1,401 $249 6.4 0.5 0.2 38.4 0.2 20.8

Sub-total 1,401 $249 6

Table 1: Sulphur Springs MRE by Resource category and metallurgical domain.
NSR reported at AS80/t cut-off. Tonnages are dry metric tonnes. Minor discrepancies may occur due to rounding.

A4 0.5 0.2 38.4 0.2
7 0.3 1.1 23.5 0.2

Sulphur Springs
Zinc-Copper-Silver Project

Resource Block Model
Oblique 3D ESE View

Resource block
classification

[ indicated

Inferred: 1.4Mt @9.4% ZnEq! Il inferred

O=V=LOP

13.8Mt @ 5.7% Zn, 0.3% Pb, 1.1% Cu, 0.2g/t Au & 22.5g/t Ag

Figure 2. Sulphur Springs Resource block model classification.



Exploration

During the quarter the company commenced an ~5,500m Reverse-Circulation exploration drilling programme at
the Sulphur Springs and Kangaroo Caves deposits. The programme was designed to test extensions to open
mineralisation identified at the Trouser Leg and Eastern Lens targets during the updated Sulphur Springs MRE,
and the down-plunge extension to mineralisation at Kangaroo Caves. Assay results from this drilling programme
are expected in the March Quarter 2023.

Develop Underground Services Division

Develop continues to build strongly upon its first Underground Mining Services agreement with Bellevue Gold.
The ~$A400 million agreement covers a period of almost four years for the construction, development and
production activities at the underground mine.

During the quarter, the division completed 1047m of underground development at Bellevue Gold, in line with the
mining schedule and generating A$9.1M in revenue. The site continues to build up its stores and maintenance
inventory to achieve the significant project ramp up over the coming 12 months.

The achievement of the mining physicals under the agreement since May-22 at Bellevue is a credit to the quality
of the operational team as the site has predominately only had the use of a second-hand mining fleet. Post the
end of the quarter the site has been delivered a number of new mobile mining equipment pieces to continue
delivering to the contract schedule. This equipment will allow for further improvements in mining physicals and
contract revenues.

Also, post the end of the quarter the operation ramped up the workforce by 34%. Develop is not experiencing any
issues attracting and retaining its work force. The next significant contract ramp up occurs in early 2023.

Whim Creek Join Venture (20% free carried)

Develop has a 20% free carried interest in the Whim Creek Base Metal project. During the quarter project partner
Anax Metal Limited (ASX: ANX) released an update Mineral Resource Estimate for Salt Creek and drilling results
for Evelyn (refer ASX September 12 and September 6, 2022). Highlights include:

= Updated Salt Creek MRE comprising.
o 80% increase in indicated resources
o 99% increase in contained copper
o 22% increase in contained zinc
= Massive sulphide mineralisation intersected down plunge at the Evelyn Deposit

The company will continue to update shareholders as further results are released.

Evelyn Project [E47/1209]

A small ~450m exploration drilling programme was also completed at the 100% owned Evelyn Prospect in August
2022. The programme was designed to test several FLEM targets north of Anax Metals Evelyn Resource. Assay
results from this drilling programme are expected in the December Quarter 2022.

Corporate

At the EGM held on 5 September 2022, Shareholders voted in favour of the acquisition of the Premium Group.
Completion is expected in November.

The Company sold it's redundant exploration camp at Spinifex Ridge for A$2.5 million and discharged its
rehabilitation liabilities.



Securities Information

The Company’s issued capital at the date of this announcement is:

Security Class Issued Capital
DVP Fully Paid Ordinary Shares 161,906,472
Unlisted Performance Rights 1,000,333
Unlisted Options (various expiry dates and exercise prices) 48,966,688

Financial Information
The Company’s cash position on 30 September 2022 was A$36 million.
Appendix 5B — Statement of Consolidated Cash Flows is provided in a separate report.
Information as disclosed in the Cash Flow Report:
= Exploration and Evaluation during the quarter was $172,000.
= There were no mining production and development activities during the quarter.

= Payments to related parties of the Company and their associates during the quarter was $146,000. The
Company advises that this relates to executive directors’ salaries, non-executive directors’ fees, and
superannuation.

This announcement is authorised for release by Bill Beament, Managing Director.

Investor Enquiries Media Enquiries

Bill Beament Paul Armstrong

Develop Read Corporate

T: +61 8 6389 7400 P: +61 8 9388 1474

E: hello@develop.com.au E: info@readcorporate.com.au

Develop (ASX: DVP) has a twin-pronged strategy for creating value. The first of these centres on the exploration and production of future-
facing metals. As part of this, the Company owns the Sulphur Springs copper-zinc-silver project in WA'’s Pilbara region. This project is currently
the focus of ongoing exploration to grow the inventory and various development studies. Develop also owns the Woodlawn zinc-copper project
in NSW. Woodlawn, which is on care and maintenance, comprises an underground mine and a new processing plant. The second plank of
Develop’s strategy centres on the provision of underground mining services. As part of this, Develop has an agreement with Bellevue Gold
(ASX: BGL) to provide underground mining services at its Bellevue Gold Project in
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Interest in Mining Tenements

GROUP
AREA OF INTEREST TENEMENTS INTEREST EXPIRY
Sulphur Springs M45/494 100% 21/10/2032
M45/587 100% 6/09/2032
M45/653 100% 28/09/2037
M45/1001 100% 21/01/2029
E45/4811 100% 27/03/2023
E45/4993 100% 10/04/2023
E 45/6033 100% Application
E 45/6034 100% Application
L45/166 100% 30/04/2030
L45/170 100% 19/09/2030
L45/173 100% 24/08/2033
L45/179 100% 31/03/2032
L45/188 100% 19/11/2030
L45/189 100% 19/11/2030
L45/287 100% 27/09/2033
M45/1254 100% 10/10/2038
Evelyn E47/1209* 100% 26/09/2021
Whim Creek Anax JV M47/236 20% 26/07/2032
E47/3495 20% 31/07/2022
M47/237 20% 26/07/2032
M47/238 20% 26/072032
M47/443 20% 1/06/2040
L47/36 20% 18/01/2023
M47/323 20% 3/062035
M47/324 20% 3/06/2035
M47/1455 20% 3/04/2033
S(C&PL)20 100% 16/11/2029
EL7257 100% 14/11/2026
EL8325 100% 2/12/2023
EL8353 100% 17/03/2024
EL8623 100% 17/07/2023
Woodlawn EL8712 100% 5/03/2024
EL8796 100% 25/09/2024
EL8797 100% 25/09/2024
EI8945 100% 19/02/2023
EL8318 20% 3/11/2023
EL5878 20% 24/07/2023
EL7941 20% 23/05/2022
EL8267 20% 12/05/2023
EL8356 20% 12/05/2023
EL8192 20% 30/10/2021
Alchemy JV
EL8631 20% 26/07/2025
EL8711 20% 5/03/2023
EL7954 20% 19/06/2022
EL8400 20% 20/10/2024
EL8573 20% 23/05/2023
SKY Metal JV EL8400 20% 20/10/2024
EL8573 20% 23/05/2023

*The company has made an application for a 12-month extension of term on E47/1209 to DMIRS.



Mineral Resources Statements

Classification  Tonnes (kt) Zn % Pb % Cu% Ag g/t Au g/t

12,359 5.6 0.3 12 21.9 0.1
| inferred W 6.4 05 0.2 38.4 0.2

SULPHUR SPRINGS|

SULPHUR SPRINGS PROJECT
(DVP 100%)

Q Classification  Tonnes (kt)

<

g EER 1300 0.4 05 18.0 0.0
g Total 3,600 03 0.8 15.0 0.0

Classification  Tonnes (kt)

2 = 2
§ S E Measured 104 . . . :
o
a7 WE 4,776 5 18 18 422 0.7
2 [ 46 5 8 8 03
Total 7,341 2 1.8 44.9 0.6

Classification ~ Tonnes (kt) n% Cu %

Measured 1,070 1.6 0.7 1.5 38.0 0.3

Indicated 3,500 038 03 0.8 17.0 0.1
[ inferred S 15 0.6 05 14.0 0.0
1.0 0.4 [X:) 0.1

Total 5,100

MONS CUPRI

21.0

Classification  Tonnes (kt) n% Cu%

Indicated 1,017

SALT CREEK

5 | inferred  [JEEY 15 07 43.0 0.2
I Total 1,856 ) 1.0 30.0 0.2
8
a X
> <Zt Classification  Tonnes (kt) Ag g/t Au g/t
P
E ES Indicated 1,760 0.6 0.2 1.1 6 0
) EnCicat oy
sc I 660 0.2 0.1 0.6 2 0
Qo e
E ; RTJZZaJrizs 2,420 0.5 0.1 0.9 5.0 0.0
g Indicated 120 3.2 0.4 0.1 12.0 0.1
45 25 0.4 0.1 9.0 0.0
Total Zn 165 3.0 0.4 0.1 11.0 0.1

Resources

Classification  Tonnes (kt) In%

Indicated 443 39 03 2.4 40
[ inferred TS 1.8 0.1 13 15 02

Total 549 3.5 0.3 2.2 35 0.8

Tonnages are dry metric tonnes. Minor discrepancies may occur due to rounding.

Note:

The Sulphur Springs Mineral Resource Estimate has been extracted from the Company’s ASX announcements “Sulphur Springs Updated
Mineral Resource Estimate” issued 6 September 2022.

The kangaroo Caves Mineral Resource Estimate has been extracted from the Company’s ASX announcements Kangaroo Caves
Resource Upgrade” dated 22 September 2015

The Woodlawn Mineral Resource Estimate has been extracted from the Company’s ASX announcements “Woodlawn Updated Mineral
Resource Estimate” issued 2 August 2022.

The Mineral Resources estimates for The Whim Creek Project are based on information supplied by Joint-Venture Partner Anax Metals (ASX: ANX), full
details of these estimates, including the applicable JORC statements, on their websites: https://anaxmetals.com.au



https://anaxmetals.com.au/

1.The zinc equivalent grades for Woodlawn (Zn Eq) are based on zinc, copper, lead and silver prices of USS3011/t Zinc, US$7690/t Copper, USS1900/t Pb,
USS$19.05/0z Silver and US51654/0z Gold with metallurgical metal recoveries of 88% Zn, 70% Pb, 70% Cu, 33% Au and 82% Ag based on historical recoveries
at Woodlawn and supported by metallurgical test work undertaken. The zinc equivalent calculation is as follows: Zn Eq = Zn grade% * Zn recovery + (Cu
grade % *Cu recovery % * (Cu price 5/t/ Zn price $/t)) + (Ag grade g/t /31.103 * Ag recovery % * (Ag price S/oz/ Zn price 5/t)). It is the opinion of Develop
Global and the Competent Person that all elements and products included in the metal equivalent formula have a reasonable potential to be recovered
and sold.

2.The zinc equivalent grades for Sulphur Springs (Zn Eq) are based on zinc, copper and silver prices of USS3011/t Zinc, US57690/t Copper and US519.05/0z
Silver with metallurgical metal recoveries of 93.6% Zn, 86.8% Cu and 46% Ag and are supported by metallurgical test work undertaken. The zinc equivalent
calculation is as follows: Zn Eq = Zn grade% * Zn recovery + (Cu grade % *Cu recovery % * (Cu price S/t/ Zn price S/t)) + (Ag grade g/t /31.103 * Ag recovery
% * (Ag price S/0z/ Zn price S/t)). It is the opinion of Develop Global and the Competent Person that all elements and products included in the metal
equivalent formula have a reasonable potential to be recovered and sold.

Competent Person Statement

The information contained relating to the Woodlawn Underground Mineral Resources is based on information compiled or reviewed by Ms Jillian Irvin of
Entech Pty Ltd who is a Member of the Australian Institute of Geoscientists. Ms Irvin consents to the inclusion. Ms Irvin has sufficient experience relevant
to the style of mineralisation, type of deposit under consideration and to the activity being undertaking to qualify as Competent Persons as defined in the
2012 — Refer Edition of the “Australasian Code for Reporting of Mineral Resources”. Ms Irvin consents to the inclusion in this announcement of the matters
based on this information in the form and context in which it appears. The Company confirms that it is not aware of any further new information or data
that materially affects the information included in the original market announcement entitled ‘Woodlawn Updated Mineral Resource Estimate’ issued 2
August 2022 and, in the case of estimates of Mineral Resources, that all material assumptions and technical parameters underpinning the estimates in the
relevant market announcement continue to apply and have not materially changed. To the extent disclosed above, the Company confirms that the form
and context in which the Competent Person’s findings are presented have not been materially modified from the original market announcement.

The information contained relating to the Sulphur Springs Mineral Resources is based on information compiled or reviewed by Ms Jillian Irvin of Entech Pty
Ltd who is a Member of the Australian Institute of Geoscientists. Ms Irvin consents to the inclusion. Ms Irvin has sufficient experience relevant to the style
of mineralisation, type of deposit under consideration and to the activity being undertaking to qualify as Competent Persons as defined in the 2012 — Refer
Edition of the “Australasian Code for Reporting of Mineral Resources”. Ms Irvin consents to the inclusion in this announcement of the matters based on
this information in the form and context in which it appears. The Company confirms that it is not aware of any further new information or data that
materially affects the information included in the original market announcement entitled ‘Sulphur Springs Updated Mineral Resource Estimate’ issued 6
September 2022 and, in the case of estimates of Mineral Resources, that all material assumptions and technical parameters underpinning the estimates
in the relevant market announcement continue to apply and have not materially changed. To the extent disclosed above, the Company confirms that the
form and context in which the Competent Person’s findings are presented have not been materially modified from the original market announcement.

The information in this announcement that relates to Exploration Results is based on information by Mr Luke Gibson who is an employee of the Company.
Mr Gibson is a member of the Australian Institute of Geoscientists and has sufficient experience with the style of mineralisation, type of deposit under
consideration and to the activity being undertaking to qualify as Competent Persons as defined in the 2012 — Refer Edition of the “Australasian Code for
Reporting of Mineral Resources”. Mr Gibson consents to the inclusion in this announcement of the matters based on this information in the form and
context in which it appears.
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The Mulloon Rehydration Initiative:
The project’s establishment and
monitoring framework

By Luke Peel, Peter Hazell, Tony Bernardi, Stephen Dovers
Carolyn Hall, Donna Hazell, Walter Jehne, Leah Moore and Gary Nairn

The Mulloon Rebydration
Initiative is a case study
bigblighting the challenges of
integrating research into a
catchment scale land-repair
project involving multiple
landowners and partners.
Starting with an innovative
project in 2006 to install ‘leaky
weirs’ on a single property, the
project bas now expanded to
include stream rebabilitation
works on 16 properties and
aims to cover an area of
23,000 ba of the Mulloon Creek,
NSW and its main tributaries.
Here, we describe the
establishment phase of the
project and the design of its
monitoring framework.

Key words: long-term research and
monitoring, landscape rebydration, stream

rebabilitation.
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cipal Landscape Planner for TMI (Email: luke@-
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of the TMI Science Advisory Council and Emeri-
tus Professor at the Australian National Univer-
sity (ANU) Fenner School of Environment and
Society (FSES) and ANU Public Policy Fellow.
David Freudenberger is a member of the TMI
Science Advisory Council and an Honorary Fel-
low at ANU FSES. Carolyn Hall is the CEO for
TMI. Dr Donna Hazell is a regional ecologist.
Walter Jebne is a member of the TMI Science
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Council and a retired CSIRO scientist with a spe-
cialist background in soil microbiology and pl-
ant ecology. Leab Moore is a land and water
scientist at ANU. Hon Gary Nairn AO is the C-
bair of TMI Board.

Introduction

he impacts of agriculture have been
Tidentiﬁed as having diminished the
environmental and production quali-
ties of Australian landscapes (Woods
1983; Jackson et al. 2016). Impacts
include soil erosion, soil structural
and nutrient decline, vegetation sim-
plification and degradation, stream
incision and gullying, loss of soil
water-holding capacities and loss of
native species and their habitats. In
response, Australian governments,
NGOs, landholders and community
groups have invested significant
resources in land rehabilitation and
ecosystem restoration (Salt 2016). It
is widely recognised that such pro-
jects lend themselves to long-term
monitoring and research to test and
inform efforts to address degrada-
tion in Australian Agricultural land-
scapes, but there are significant
barriers to such long-term environ-
mental research and monitoring
(LTERM), for complex reasons. As a
result, the ecological and social out-
comes of thousands of these pro-
jects are often poorly documented,;
there are only a few well-designed
and funded projects that explicitly
integrate multi-dimensional moni-
toring (e.g. HLW 2020; ARI 2021).

Ecological Society of Australia and John Wiley & Sons Australia, Ltd.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

Ecological Management

& Restoration Link

» David Freudenberger (),

Monitoring integrated with scientifi-
cally peerreviewed research and
publication if it occurs at all is com-
monly an add-on rather than an inte-
gral project component.

Here, we document the process of
establishing the Mulloon Rehydration
Initiative (MRI) and describe the
design of its monitoring framework.
This is a significant, long-term (2006
- ongoing) catchment-scale stream
and floodplain rehabilitation Initiative
located in the Mulloon Creek catch-
ment in the Southern Tablelands,
NSW, Australia (Fig. 2). It is con-
ducted under the auspices of the Mul-
loon Institute (Box 1). The Initiative’s
particular focus is to install in-stream
structures (ogs and rocks) and
restore native riparian vegetation
(Fig. 1). Our research aim is to moni-
tor how these activities may improve
hydrological, ecological, agricultural
and social values derived from this
catchment. These activities are based
on the Natural Sequence Farming
approach which aims to slow the drai-
nage of rainfall, countering landscape
drying that commenced with the
clearing of catchments for agriculture
(Williams 2010).

The context of this Initiative is
complex, featuring as it does: con-
tested management interventions;
long-term landscape functions;
diverse stakeholders; regulatory con-
straints; multiple environmental,
social and production goals; strong
community engagement and an inter-
dependence of hydrological,
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Figure 1. The Mulloon Rehydration Initiative is restoring hydrological function along all
degraded reaches of the Mulloon Creek integrated with a research and monitoring program. Seen
here in the lower front is a typical ‘leaky weir’ (long arrow) and fenced riparian revegetation (short

arrow).

geomorphological, production and
ecological variables. The project is
described and assessed against princi-
ples for LTERM derived from the liter-
ature, which largely draws on
biodiversity-focused studies with a
smaller range of parameters. These
principles are extended to generate
insights to inform further research
activities and management interven-
tions in production landscapes.

This paper proceeds in four parts.
The first describes the origins of the
Initiative, and the second, most exten-
sive part describes the establishment
of a long-term environmental research
and monitoring program guided by
features of successful LTERM pro-
grams distilled from the literature.
The third part discusses lessons
learned in this process, against the
same features. The final part con-
cludes the paper.

The Mulloon Rehydration
Initiative

Commencing the project
and starting conditions

The Mulloon Rehydration Initiative
(MRID) had its genesis in 2005 during
the Millennium drought. It was
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initiated by a project to rehydrate a
2.5-km section of creek at Mulloon
Creek Natural Farms, within the
23,000 ha Mulloon Creek catchment,
a tributary of the Shoalhaven River
on the NSW Southern Tablelands
(Fig. 2). The landowner, the late Tony
Coote invited independent landscape
thinker, Peter Andrews, to his farm
after Andrews had recently featured
on ABC TV’s Australian Story pro-
gram for his unconventional, and
some would argue, controversial
approach to landscape restoration
based on the use of in-stream ‘leaky
weirs’ to slow water flow and rehy-
drate landscapes (ABC 2018).

Coote and Andrews agreed to work
together to regenerate the section of
Mulloon Creek that flows through
the farm, based on principles
Andrews had been developing and
promoting for many decades, called
Natural Sequence Farming (Williams
2010). Such principles sought to rein-
state natural landscape functions
based on high levels of water infiltra-
tion and retention and that Andrews
argued existed before European occu-
pation of the Australian continent
(Ripl 2003; Andrews 2006; Kravcik
et al. 2007). Prior to clearing for agri-
culture commencing in the mid-

© 2022 The Mulloon Institute. Ecological M. & R

Box 1. The Mulloon
Institute (TMI)

In 2011, Tony Coote and his wife,
Toni, established The Mulloon
Institute based at their Mulloon
Creek Natural Farms with the
vision of the farm becoming a
living laboratory for long-term
regenerative agricultural research
and education. The Institute is a
non-profit organisation with
charitable status. A Board of
Directors and an independent
Scientific Advisory Council were
appointed to oversee the operation
and the scientific endeavours of
the Institute.

The Institute’s mission is “To
actively demonstrate, validate and
share landscape rehydration,
restoration and regenerative
practices in order to create
sustainable, profitable and
resilient agricultural and
environmental systems now and
into the future.” The Institute’s
strategic goal is to rehydrate and
restore 2.5 million hectares of land
and positively impact the
livelihoods of 5,000 farming
families (https://
themullooninstitute.org/mission-
vision).

Following Tony’s passing in
August 2018, he bequeathed the
farms to The Mulloon Institute to
ensure the scientific research
work would continue on the farms
in perpetuity, a wonderful legacy
to the nation.

1800s, much of the creek and adja-
cent floodplain was likely a discontin-
uous watercourse containing chains
of ponds and swampy meadow com-
plexes that allowed stream flow to
be retained in the landscape for
longer periods resulting in higher eco-
logical productivity (Fig. 3a) (Johnson
& Brierley 2006). By the 21st century,
landscape clearing was causing
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Australia. Core monitoring installations are shown and described in the legend.
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Mulloon Rehydration Initiative (MR is focused along the Mulloon Creek east of the town of Bungendore, southeast New South Wales,
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Figure 3. Schematic representation of an (a) intact versus (b) incised stream.

increased runoff and the creek had
become a deeply incised single con-
tinuous channel throughout the
entirety of the floodplain pocket,
draining its catchment more rapidly
(Fig. 3b). Andrews set out to function-
ally reconnect the stream with its
adjacent floodplain (Fig. 3a).

In July 2005, the regional NRM
body, Southern Rivers Catchment
Management Authority (SRCMA) and
the executive of the Upper Shoal-
haven Landcare Council were
approached by Coote to gain institu-
tional and community support, and
all the neighbours that bordered or
bounded Mulloon Creek for a dis-
tance of 10-km downstream of
Coote’s property were approached.
Aware of the public interest gener-
ated by Andrews’s appearance on
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Australian Story, the Southern Rivers
CMA agreed to support the project
provided it had the backing of the
neighbours and the upper Shoalhaven
catchment landcare community. The
CMA’s role included engagement
with other state and local govern-
ment agencies, and supervision of
project design, approvals and on-
ground implementation. After sup-
port was gained from neighbours
and the Upper Shoalhaven Landcare
Council, albeit with concerns over
the potential impact on stream flow,
the CMA agreed to be the primary
proponent of a National Landcare
Program grant application to imple-
ment and monitor a Natural Sequence
Farming demonstration within the
Mulloon Creek floodplain on Coote’s

property.

© 2022 The Mulloon Institute. Ecological M. t & R

Stage 1: Pilot works and
initial responses

This first grant was awarded in Jan-
uary 2006 and work commenced in
April 2006. Over a period of 8 weeks,
undertaken in two phases in autumn
and spring, a total of 42 log, rock,
earth and vegetation structures were
built along a 2.5-km stretch of creek
and into several tributary gullies
within the 100 ha floodplain pocket.
The creek was also fenced from live-
stock. The structures were designed
to slow water flow, raise the creek
level, re-invigorate biological activity
and ultimately re-establish the func-
tional connection between the creek
and adjacent floodplain. Figure 4
shows before and after views of one
2006 trial site.
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Instream bed control structures,
known as ‘leaky weirs’, were
designed and installed by Andrews
under the supervision of the CMA.
Some conflict was encountered dur-
ing this process. For example,
Andrews expected to be able to spill
pulses of water onto the floodplain
during elevated flows to assist in
achieving recharge of the floodplain

Figure 4.

aquifer. However, this was not possi-
ble due to regulatory constraints
under the NSW Water Management
Act 2000. The CMA, as the supervis-
ing authority, was also uncomfortable
with the fluid approach to planning
and implementation undertaken by
Andrews. Coote was adamant that
Andrews should be able to implement
the project the way he saw fit.

(a) A typical degraded pilot site showing the incised stream bank and lack of ponding

(March 2006). (b) The same reach (“Peter’s Pond”) by February 2018 showing extensive stream
bank revegetation and extensive ponding following the establishment of a stone-based ‘leaky

weir’. (Photos by Peter Hazell).

© 2022 The Mulloon Institute. Ecological M: & R
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The project was successfully imple-
mented albeit with teething difficul-
ties. From the perspective of
Andrews and Coote, the key issue
was that a full demonstration of the
Natural Sequence Farming technique
could not be implemented due to
the prohibitive regulatory environ-
ment. From the perspective of the
CMA, the soft engineering approach
taken by Andrews posed an elevated
risk of structure failure in the short
term (SRCMA 2011). Both perspec-
tives had some justification. Impor-
tantly, once the environment directly
adjacent to the creek and gully struc-
tures stabilised with armouring vege-
tation, the stream rehabilitation
process appeared to progress rapidly
(Fig. 4b). However, repair of in-
stream structures was required due
to damage by high flows before
armouring vegetation was sufficiently
established. This was noted in a
2011 Southern Rivers CMA report on
the trial of the Natural Sequence
Farming approach to catchment
repair (SRCMA 2011).

Some monitoring was established
during this pilot project, including:
stream and ground water hydrology;
water quality; instream and riparian
ecology; flora and fauna observations;
a stream and floodplain geomorphol-
ogy survey and a baseline photo log
(SRCMA 2008). In the early stages,
support from research organisations
was difficult to secure, making it hard
to establish comprehensive baseline
monitoring for most of the variables.
The CMA subsequently took on the
monitoring role between 2007 and
2008. From 2008, researchers and stu-
dents from the Australian National
University (ANU) began to engage in
monitoring ongoing changes post-
treatment.

Stage 2: Expanding the
scope

In 2014, under the auspices of The
Mulloon Institute (Box 1), the small-
scale demonstration project dramati-
cally expanded into the Mulloon
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Rehydration Initiative (MRI). This Ini-
tiative aims to be a catchment-wide
landscape regeneration project exper-
iment involving over 20 landholders,
covering an area of 23,000 ha and
stretching along over 50 km of the
Mulloon Creek and its main tributaries
(Sandhills and Shiel Creeks) (Fig. 2).
The earlier concerns about the effect
that multiple creek interventions
would have on water availability
downstream remained an issue
amongst some neighbours. Despite
this, all the neighbours bordering or
spanning Mulloon Creek accepted
the invitation to actively participate
in the broader rehydration Initiative.
A commitment that the Initiative
would be scientifically monitored pro-
vided re-assurance. The science pro-
gram is described below, and to
November 2021 the MRI has imple-
mented 16 individual projects during
the past 6 years totalling over $4.7
Million of external funding (Table 1).

This funding has supported exten-
sive on-ground activities as sum-
marised in Table 2. It has been the
experience of The Mulloon Institute
that funding for outreach and educa-
tion efforts, and to a lesser extent
demonstration on-ground works, is
more easily gained than for research
and monitoring costs.

For the MRI, every in-stream work
must be carefully planned and moni-
tored, requiring a “Controlled Activity
Approval” under the NSW Water
Management Act 2000. Consent
requires a detailed schematic, map
and description of each leaky weir
(Box 2, Figs. 5 and 6). Hardwood logs
are sourced from the Forestry Corpo-
ration of NSW and rocks from a
nearby licensed quarry. A vegetation
management plan accompanies con-
struction of all leaky weirs. The aim
of the weirs is to correct the physical
structure and function of the system.
Rapid revegetation is critical in stabil-
ising and transforming the system into
one that is aggrading and not eroding.
All sites are fenced to exclude live-
stock and revegetation uses a diversity
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of native trees, shrubs and rushes (see
https://themullooninstitute.org/blog/
2020/7/8/mulloon-rehydration-
initiative-update?rq=species, with link
to species list). Long-term responsibil-
ity for weed management is the
responsibility of the landholder. The
Mulloon Institute recommends that it
is undertaken in accordance with the
NSW Biosecurity Act 2015. Skilled
earth moving equipment contractors
are used for the construction of the
leaky weirs, and the Green Army and
volunteers have been involved in
revegetation.

Establishment of the Larger
MRI as a Long-Term
Research Program

Unlike the pilot Natural Sequence
Farming demonstration where moni-
toring was more ad-hoc, The Mulloon
Institute aimed to establish the MRI as
a long-term research project in land-
scape rehydration and regeneration
with the key overarching question:
What is the effect of stream interven-
tions on the ecology and farm pro-
ductivity of the landscapes within
the Mulloon catchment? The MRI is
not principally a research experiment,
but rather an active, multi-participant
restoration project supported by a
research program to evidence impact
and inform further initiatives.

A Science Advisory Committee was
established by The Mulloon Institute
to guide development of a monitoring
and research plan linked to the on-
ground activities. Members of the Com-
mittee are from various institutions,
including the ANU, Universities of Can-
berra and Melbourne, NSW Depart-
ment of Primary Industries, NSW
Biodiversity Conservation Trust, South
East Local Land Services and the Mur-
ray Darling Basin Authority. The Com-
mittee reports to The Mulloon
Institute’s Board, and works closely
with the Institute’s Project Coordina-
tor, Research Coordinator and CEO.
The Institute’s Board chair is a member
of the Science Advisory Committee.

© 2022 The Mulloon Institute. Ecological M. t & R

The Institutes Science Advisory
Committee adopted a framework
based on Long-Term Environmental
(Ecological) Research and Monitoring
(LTERM). Such research has been
recognised globally as essential to
understanding changes in the state
of the environment and the associated
impacts of humans (both positive and
negative). Researchers have acknowl-
edged the importance of LTERM
through the establishment of the
International Long-Term Ecological
Research Network in 1993 (Mirtl
et al. 2018). There is a growing litera-
ture establishing LTERM as a research
methodology that includes identifying
critical success factors and providing
guidance on design (e.g. Lindenmayer
& Likens 2009, Lindenmayer et al.
2012, 2014; Youngentob et al. 2013;
Burns et al. 2018). This literature pro-
vided the basis for establishing the
research and monitoring associated
with the MRI.

Lindenmayer et al. (2012, 2014)
identified features that have been
drawn from a wide body of literature
and practice that are important for
effective LTERM (Box 3); below, we
describe how we are addressing these
features (Note: the source uses the
term LTER; we use the term LTERM
to explicitly include monitoring).

LTERM Feature 1 -
Conceptual system model

We applied a ‘State and Transition’
conceptual  modelling  approach
developed by Westoby et al. (1989)
for rangeland dynamics in Australia
and used elsewhere (Bestelmeyer
et al. 2017). The MRI broadened this
modelling methodology following
the approach used in the South East
Catchment Action Plan (NSW
Government 2014) that includes the
Mulloon catchment. State and Transi-
tion models are used to describe and
communicate the dynamics of a
region’s ecological systems but less
often  socio-economic conditions.
These conceptual models describe
the different states that can exist in a
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Table 1. A list of the funded projects contributing to the Mulloon Rehydration Initiative (MRI) as of November 2021
Project title Funder (grant) Purpose Duration
(years)
Australian Government Programmes
Rehydrate Australia to improve the Landcare-Smart Farms- 1) Comprehensive planning and scientific evaluation of 2020-2025

environment, farm productivity and
community education and engagement

Mulloon habitat restoration for threatened
species (4 projects)

Mulloon’s habitat restoration for
threatened species.

Outreach, engagement and uptake of
landscape rehydration projects by
agricultural communities

NSW Government Programs
Landscape rehydration capacity building:
developing curriculum

Restoration of Mulloon Catchment to
protect its ecosystems
(Phase 1)

Above (Phase 2)

Mulloon community landscape rehydration
project

Benchmarking biodiversity within the
Mulloon Community Landscape
Rehydration Project (MRI) area
Mulloon Community Landscape
Rehydration Project (the MRI): bringing
the community along

Philanthropic funding

Mulloon watershed community project

Mulloon watershed community project
Project Governance
Generated income

Income from various sources, as a
registered not-for-profit

Capacity Building Program;
Australian Government-
($3.86 M)

Australian Government -
Green Army Programme
($38K)

National Landcare Program -
20 Million Trees ($69K)

National Landcare
Programme - Sustainable
Agriculture Small Grants
($46K)

NSW Environmental Trust
($250K)

NSW Environmental Trust
(5100 K)

NSW Environmental Trust
(S100k)

South East Local Land
Services Rural Landscapes
Program ($50k)

South East Local Land
Services ($40K)

South East Local Land
Services ($87K)

Vincent Fairfax Family
Foundation ($150 K)
Veolia Mulwaree Trust
($34K)

The Mulloon Institute

Various, with part income
sequestered to TMI

hydrology, flora and fauna, and production
improvements, including financial, social and community
outcomes, linked to landholder support through on-farm
training, workshops and educational materials.

creek corridor

labelled the MRI).

materials.

sources for flora and fauna.

protected lands.

agricultural outcomes.
Establishment funding for the MRI

Establishment funding for the MRI

CEO, core staff, etc

Labour for on-ground works, particularly planting 2017-2018
Establish 7,200 trees and 4,800 understorey plants on 2017
30 hectares to improve the resilience and ecological
connectivity of threatened species habitat along the
To engage with agricultural communities across the 2017
country to measure the uptake of the Mulloon
Community Landscape Rehydration Project (now
Development, in collaboration with two case study 2020-2025
catchments, advanced level training course and
Improve the condition of aquatic and terrestrial areas, 2015-2018
including gullies and tributaries, creating wildlife
corridors, vegetation linkage and habitat and food
To improve the creek condition and riparian functionality 2019-2022
and habitat connectivity along Mulloon Creek linking
Tallaganda National Park and Reedy Creek State
Improve water quality in the Sydney water catchment, 2015
via water quality monitoring and stream gauges.
Baseline monitoring to assess biodiversity impacts 2015-2018
Support groups within the local Landcare community for 2016-2018
natural resource management and sustainable
2014-2015
2016
Maintenance of Board, Scientific Advisory Committee, Long-term
endowment
Earnings from farming to TMI; income Mulloon Ongoing

Consulting; public donations; fees from training
programs.

landscape. Through participatory pro-
cesses, undesired and desired states
can be identified, and socio-
ecological processes that drive the
transitions between states can be elu-
cidated.

The value of these models is in fos-
tering a general understanding, or

© 2022 The Mulloon Institute. Ecological Management & Restoration published by

theory of change, of how a system
functions and responds to manage-
ment actions and climatic events (Bes-
telmeyer et al. 2017). Causes of and
constraints to change are often incom-
pletely understood, but they can be
tested by monitoring the effects of
management and restoration actions.

Ecological Society of Australia and John Wiley & Sons Australia, Ltd.

In this way, these models have helped
us specify system uncertainties requir-
ing research, have assisted our devel-
opment of the monitoring program,
are useful for specifying management
objectives for sites and serve as our
guide to maintain and restore ecosys-
tem services.
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Table 2. On-ground works of the MRI project as of November 2021. ‘Leaky weirs’ refers to in-stream structures designed to slow but not dam creek
flow, with riparian restoration including fencing and revegetation

Activity Number Total area or Date Funding agency
length completed

Leaky weirs installed on Mulloon Creek Natural Farm 14 2.5 km Sept 2006 National Landcare Programme

Leaky weirs installed at Mu/loon Farm (North) and 7 1.5 km March 2018 NSW Environment Trust

revegetation

Leaky weirs installed at Mu/loon Farm (South 4 1 km November NSW Environment Trust

referred to as Mulloon) 2018

Leaky weirs installed at Westview (also fencing, 3 1 km December NSW Environment Trust, LLS* Rural

revegetation) 2018 Landscapes Fund

Leaky weirs installed at Pa/erang (also fencing and 15 3.5 km December NSW Environment Trust, LLS* Rural

revegetation) 2019 Landscapes Fund

Leaky weirs installed at Duralla (also fencing and 7 2 km July 2020 National Landcare Programme 2

revegetation)

Planting of 12,000 native plants 12,000 20 ha March 2018 20 million Trees

Planting of 2,000 native plants 2,000 5 ha March 2019 NSW Save Our Species — Save the Scarlet

Robin - Program

*Local Land Services, an NSW Government regional organisation, replaced the CMAs.

Figure 7, Box 4 and the detail in
Appendix 1 synthesise our knowl-
edge of the historical, undesired and
desired conditions of the system.
These show our current understand-
ing of how the Mulloon catchment
and its human communities have
changed to the present time and
how we predict it will respond in
the future given current interven-
tions. This conceptual synthesis is
open to new information. We expect
the catchment to go through multiple
‘transition states’ since restoration
processes often take decades to yield
our desired state, but we have left
these possible transition states out of
Figure 7 for brevity. Our State and
Transition models are used for bridg-
ing the science-management divide
and assist in communicating the
objectives, timescales and drivers of
change across the Mulloon catch-
ment.

LTERM Feature 2 -
Research questions and
hypotheses

Our broadest question is: What are
effective management practices that
restore catchment bealth across a
range of ecosystem services and
buman values? Our initial research
is on the effectiveness of installing
leaky weirs and restoring riparian
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vegetation along an entire catchment.
Our broad hypotheses (H;.4) include,
based on our conceptual models
above, that instream structures and
riparian revegetation will:

e H, Significantly improve native flo-
ral and faunal diversity and abun-
dance.

e H, Significantly improve measures
of hydrological function at multiple
scales.

e H; Be a catalyst for significant
improvements in measures of farm
productivity and profitability.

e Hj Be a catalyst for improving com-
munity engagement and cohesion
within the catchment linked to
greater support from a broad range
of stakeholders outside the catch-
ment.

As individual research partners and
projects develop, these questions and
hypotheses will be refined, but we
expect that most research projects
can fit under one of more of these
guiding questions and hypotheses
linked to our conceptual model
above.

H, and H, invite more typical scien-
tific approaches, whereas H; expands
the domain of data gathering and
communication into the financial

© 2022 The Mulloon Institute. Ecological M. t & R

and production arenas. Hy aims to ful-
fil the Institute’s goal of informing
future initiatives elsewhere, and
focuses attention on social, regulatory
and project management information
and lessons, considerably expanding
the envelope of the ‘experiment’.

LTERM Feature 3 -
Experimental design

Ideally, one would apply a rigorous
and  wellreplicated  Before-After-
Control-Intervention (BACI) design
(Underwood 1991) informed by dec-
ades of detailed ‘before’ data on all
four dimensions shown in Figure 7
above — as well as collecting data from
a comparable control catchment.
However, such baseline data are gen-
erally not available due to the paucity
of fine-scale monitoring in the Aus-
tralian landscape; and comparable
catchments are difficult to locate in
the region. Rigorously controlled
replication is also a challenge due to
the complex environment of 20+ pri-
vate landholders, all holding different
management objectives and practices
and across a catchment.

Nonetheless, as shown in Figure 5
and Table 2 above, in-stream struc-
tures (leaky weirs) and associated
riparian revegetation (‘interventions’)
are well replicated in space and time.
Detailed pre-intervention data, such

published by
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Box 2. Plan and
description for a typical
MRI site (see Figure 5)

Site MN7 is a log sill with a
sandbar rehydration channel. The
site is bedrock controlled. Two
rows of logs have been placed on
top of each other in a v-notch
configuration. They are pinned and
keyed into the banks. Knitted
brush and Poa tussock matting to
400 mm were placed underneath
the logs for scour protection. Clay
bank material and gravel was
pushed up behind the logs. Typha
and Phragmites were transplanted
into the sediments behind the
logs. A sandbar rehydration
channel was cut into the sandbar
adjacent to the left extent of the
log sill at the spill height of the log
sill. The left edge of the log sill and
the rehydration channel entry was
rock armoured to prevent
scouring. Rock rip rap was placed
around the edges of the sill to one
metre up the bank and up to five
metres downstream of the sill on
the bank. Bedrock control will
prevent scouring of the bed. The
site around the structure and the
rehydration channel was
extensively planted with native
reeds, sedges, shrubs and trees.
Dimensions of this site include:
43 m top bank to top bank, 18.5 m
width of control structure and 6 m?
control structure cross-sectional
area. This structure will impound
approximately 0.17 ML of stream
flow. An existing stream crossing
50 m upstream of MN7 will be
inundated by up to 300 mm. The
crossing was augmented with

100 mm of stream gravel to ensure
continued utility.

as stream bank profiles (Fig. 6), are
being collected. At this scale, assess-
ing riparian changes through time

© 2022 The Mulloon Institute. Ecological Management & Restoration published by

directly associated with each weir is
achievable. However, long-term moni-
toring of experimental controls (no
interventions) is problematic. As
more and more weirs are established,
dependent on funding, then upstream
or downstream local ‘controls’ may
disappear because the aim of MRI is
full riparian restoration along the
entire Creek.

The lack of within-catchment con-
trols would be offset by the establish-
ment of controls at the catchment
scale. At this point, we do not have
the resources to establish a monitor-
ing program in a nearby catchment
with similar hydrology, condition
and land use history. However, poten-
tial space and time comparisons could
be feasible in the future should
resources become available and a
comparable catchment can be found
without in-stream structures having
been installed. While lack of such a
control catchment will limit the pro-
ject’s potential to attribute catchment
scale changes to improved manage-
ment practices, we are nonetheless
monitoring at the catchment scale to
test our conceptual models to identify
trajectories of change in the indicators
of catchment health or functionality
and to improve our understanding of
catchment processes.

Ideally, we would also have suffi-
cient resources to find and monitor a
‘reference’ catchment. That is, a
catchment still in our ‘Desired State’
as described in Figure 7, Appendix 1
and Box 4. We are not aware of any
existing catchment scale research that
comprehensively documents the
behaviour or performance of a compa-
rable catchment in very good condi-
tion (least disturbed).

LTERM Feature 4 -
Measurement of key
entities

As shown in Figure 2 and Table 3, we
have made substantial progress in
implementing a broad monitoring
program across our four dimensions
of interest that is coordinated by the

Ecological Society of Australia and John Wiley & Sons Australia, Ltd.
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Institute’s Research Coordinator (L.
Peel). We expect other response vari-
ables to be measured as more
research partners become involved
with specific interests.

INSERT Table 3

LTERM Feature 5 - Data
management and use

The Institute partnered with Hydro-
Terra Pty Ltd to develop rigorous site
descriptions, data capture and storage
standards. Protocols have been estab-
lished for field equipment installation,
maintenance and repair. Meta-data
requirements (rules by which data
are described) have been developed
in detail. Roles and responsibilities
are documented. Procedures have
been developed to facilitate accurate
and transparent data sharing with col-
laborating researchers. System docu-
ments include: site description and
management plans, DataStream™
manual, monitoring plans and system
design and specifications.

LTERM Feature 6 -
Scientific productivity
(publishing)

LTERM projects often encounter a
problem in regard to publishing
papers prior to long-term results being
available. This makes communication
of research planning and baseline data,
and thus the sharing of practical les-
sons, difficult. While an open-access
policy on the part of the Institute has
seen project reports, data, etc. made
public  (https://themullooninstitute.
org/projects), this paper is the first
peer-reviewed full publication at this
relatively early stage in the MRI. Expli-
cit, accessible communication of inter-
vention plans assists the understanding
of stakeholders regarding the nature of
planned interventions (e.g. Fig. 8).
This paper is analogous to Shorthouse
et al. (2012) describing the logic of
and early lessons from another key
Australian LTERM initiative. We
agree with Lindenmayer and Likens
(2009) that our long-term monitor-
ing program can be used as a
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Figure 5. A typical Mulloon Rehydration Initiative site (WVM1): (a) pre-works; summer 2018; (b) site works summer of 2018; (c) initial recovery —
autumn 2020. The hydrological and ecological outcomes of these constructions are the focus of on-going monitoring. Preliminary results to be pub-
lished in the near future (Photos by Peter Hazell).

framework around which shorter (e.g. post-intervention hydrological stream morphology evolution, vege-
term projects can be conducted. impacts), often up to a decade is tation establishment phases and sea-
For specific, peer-reviewed outputs needed for reliable data across sonal climatic variations.
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Figure 6. Detail of typical ‘leaky weir’ installation and revegetation. (a) Site MN7 long section AA, (b) Site MN7 cross-section B-B.

Box 3. Features of Effective Long-Term Ecological Research and Monitoring (LTERI)
(adapted from Lindenmayer et al 2012, 2014)

1. A conceptual model of the system, developed and continually reviewed to guide question framing and experimental design.
2. Posing good questions/hypotheses: measurable, scientifically based and tractable, capable of testing management options,
and can evolve with improved knowledge.

3. Sound experimental study design, including use of statistical expertise; early use of reference and control sites, long-term
security of research sites.

4. Measurement of appropriate entities: guided by (1-3) above, to ensure that important factors and relationships are
monitored.

5. Frequent use of data: high-quality record keeping and ongoing interrogation of data to assure quality and generate new
questions and management possibilities.

6. Scientific productivity: publication of methods and results in academic and more widely accessible formats.

7. Project management: well-developed partnerships between scientific disciplines, policy makers and resource managers;
early resolution of intellectual property issues; strong and enduring leadership; and succession planning; ongoing funding.
8. Research logistics: access to field equipment, qualified field staff and data storage and management capacities, established
field and laboratory protocols.

LTERM Feature 7 — Project
management

The Mulloon Institute recognises that
effective leadership is pivotal to all

© 2022 The Mulloon Institute. Ecological Management & Restoration published by

features of successful monitoring pro-
grams as described by Lindenmayer
et al. (2012, 2014). Through the gover-
nance structures of the Institute, the
MRI provides comprehensive

Ecological Society of Australia and John Wiley & Sons Australia, Ltd.

management of on-ground activities as
well as guiding strategic programs,
including the research program. The
Institute employs a Research Coordina-
tor, Project Coordinator  and
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Box 4. Catchment scale drivers of change hetween States as shown in Figure 6

Transition 1 — Drivers of change from the Pre-Colonial State to the Undesired State

Displacement or extermination of Indigenous communities and extensive loss of their culture and knowledge

Colonisation by large- and small-scale pastoralists and farmers
Regional extermination of the dingo

Introduction of grazing pressure by domestic livestock

Introduction of foxes, cats and rabbits then the recent increase in deer and pig populations

Deliberate and unintentional introduction of non-native pasture and weed species
Extensive clearing of trees across the mid and lower catchment

Cropping of alluvial valley and lower slopes

Logging of the upper catchment

Cycles of droughts and floods

Transition 2 — Drivers of change to a Desired State

Construction of numerous leaky weirs and other structures that enable greater retention of water in the catchment

Improved grazing management to promote diverse perennial pastures
Riparian revegetation and fencing to control access to the creek
Re-introductions of regionally extinct or rare species of flora and fauna
Control of feral pest animals and invasive weeds

Control of kangaroos to sustainable levels

High levels of cooperation between landholders

High levels of shared indigenous and non-knowledge

Adaptive management based on sustained monitoring and research

Sustained investment in landscape repair

Transition 3 — Drivers of change back to the Undesired State

Failure to maintain the function of leaky weirs post-flood events

Sustained over grazing by livestock

Failure to maintain fencing to control access to the riparian zone

Break down in cooperation between landholders

Loss of landscape management knowledge due to landholder turnover

Failure to adapt to changing conditions informed by research and monitoring
Deliberate and unintentional introduction of non-native pasture and weed species

Re-emergence of populations of foxes, cats, rabbits, deer and pigs

Hydrologist, as well as field officers that
have time allocated to monitoring activ-
ities, along with communications and
administrative staff who contribute to
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the initiative. The Science Advisory
Committee meets quarterly. This Com-
mittee has been instrumental in setting
appropriate questions, developing a

© 2022 The Mulloon Institute. Ecological M. it & R

workable conceptual model, resolving
what to measure and guiding the
research program described here. The
Committee also established research

ion published by
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Pre-European State

Transition 4

European occupation

* Ecological,

* Hydrological
* Landuse

* Social

The condition of the Mulloon
Creek catchment prior to

viewed in four dimensions:

*m—————
1
1
1

! Current State

The current condition of the Mulloon
Creek catchment viewed in four
dimensions:
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Transition 3

| Desired State

* Ecological,

* Hydrological of the Mulloon Creek
e Landuse viewed in four dimensions:
* Social * Ecological,
el * Hydrological
| * Landuse
Transition 1 « Social
Transition 2

The desired (future) condition

Figure 7. A broad outline of our State and Transition conceptual model for the Mulloon Creek Catchment. Appendix 1 and Box 4 provide more
detail, such as the Transitions which drive State change. Transition 4 is shown as a dotted line as we consider a return to a pre-colonial State to
be unlikely due to system wide shifts, including climate change and introduction of pest species unlikely to be exterminated at this scale.

collaborations ranging from small pro-
jects to formal partnerships with institu-
tions, including the ANU and the
universities of Canberra, Melbourne,
UTS, RMIT, UNSW, Wollongong, CSU
and WSU, along with the NSW Depart-
ment of Primary Industries and commer-
cial entities, including Cibo Labs and
HydroTerra.

The Scientific Advisory Committee
follows an adaptive monitoring pro-
cess (Lindenmayer and Likens 2009).
A key approach of the MRI research
program is that question-setting, study
design, data collection, data analysis
and data interpretation are iterative
processes. The Committee is commit-
ted to evolving the research program
and associated monitoring in response
to new information or new questions.
New monitoring protocols and new
technologies will no doubt need to
be carefully adopted without losing
consistency in baseline measures of
catchment responses, extending the
already detailed monitoring plan.

LTERM Feature 8 -
Research logistics

As noted above under Feature 5
(Box 2), the MRI has established data
management protocols, monitoring
equipment specifications and data col-
lecting procedures in partnership
with HydroTerra Pty Ltd. These are
to be adopted by all research partners
including student researchers, and
communicated to stakeholders and

© 2022 The Mulloon Institute. Ecological Management & Restoration published by

the wider public, with the stated prin-
ciple of, where possible, maximising
stakeholder access to data and
research findings.

Discussion: Reflections on
Applying LTERM in
Production and Social
Contexts

In the light of The Mulloon Institute
and MRI experience over the past
15 years, we now revisit the LTERM
features presented in Box 2 and
described above. We have found
these literature- and experience-
derived features to be useful in shap-
ing our approach to establishing an
LTERM project at scale. However, as
the literature recognises, contexts
vary. The following summarises our
lessons against these features, extend-
ing these based on experience in a
cross-tenure, production landscape
context with diverse stakeholders
and motivations, regulatory con-
straints, community and landholder
engagement and multiple ecological,
hydrological, economic and social
variables. The following proceeds
through the ‘Features of Effective
LTERM’ in Box 2:

1 A conceptual model of the system.
We found a shared conceptual
model of the system to be indis-
pensable, and recommend the use
of one that is based on established

Ecological Society of Australia and John Wiley & Sons Australia, Ltd.

models from the formal literature
(in this case, a State-Transition
model). However, in complex situ-
ations, it is to be expected that (i)
the model must be tested and
adapted, and (ii) while relative sim-
plicity is needed in a model, impor-
tant ancillary matters will exist that
cannot be captured by our simple
conceptual model (Fig. 7 above).
For example, our initial under-
standing of surface-ground water
connectivity is likely to be overly
simplistic. Preliminary data suggest
that this connectivity is highly vari-
able at finer scales than previously
assumed. Capturing all variables
would make for an impossibly
complicated model unsuitable as
an organising and communication
device. Balance between concep-
tual soundness, communicability
and detail linked to other sources
is required.

2 Posing good questions/bypotbe-
ses. Without hypotheses, experi-
mentation is  impossible. A
balance is needed between a smal-
ler number of core questions that
are rigorous, testable and able to
be comprehended by diverse stake-
holders, and what can become a
‘shopping list’ of endless research
questions, and thus monitoring
and data needs. In settings such
as the MRI, the span including the
hydrological, ecological,
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FEATURE
Table 3. Catchment scale monitoring: key response variables and replication
Response variables Method Spatial Replication Frequency Commenced
Ecological
Patchiness, indices of infiltration, Landscape Function Analysis 30+ transects stratified by land  2-3 years 2015
soil surface stability and nutrient (Tongway and Hindley, 2004) type
cycling
Riparian vegetation condition Rapid Appraisal of Riparian Condition 50+ transect sites 2 years 2017
(Jansen et a/. 2005)
Bird diversity Point counts 17 transects 2 years 2015
Frog diversity Frog calls in Spring 30+ transect sites, plus farm 2 years 2017
dams and wetlands
Fish Electro-backpack, with additional bait- 6 in Mulloon, and 3 comparative 3-5 years 2016
less traps sites in nearby similar montane
creeks
Aquatic invertebrates Australian Rivers Assessment System 6 2 years 2015-16
(AUSRIVAS 2013)
Hydrological
Stream surface water height Automated pressure sensors 6 Continuous 2007
Stream surface water Automated sensors; Temp, pH, EC, 6 Continuous 2017
ORP, turbidity and DO
Ground water level Piezometers 80 Continuous 2007
Ground water quality Temp, EC, pH 80 Continuous 2018
Climate Automated Weather stations 2 Continuous 2006
Stream profile Survey station All leaky weir sites Pre- 2015
construction
and every
3 years
Stream bank cross-sectional Ground survey All leaky weir sites 3 years At time of
contours construction of in-
stream works
Soil moisture sensors Automated Sentek with 6 sensors for 31 Continuous 2021
each at 10, 30, 50, 70, 90, 120 &
150 cm depth
Productivity and economics
Pasture biomass Remote sensing (Cibo Labs Pty) Whole of catchment Continuous 2020
Farm profitability Project staff and landholders Participating landholders TBC TBC
(voluntary)
Social dimensions
Landholder participation Raw count Property owner and manager continuous 2014
Landholder attitudes Direct liaison, periodic survey Property owner and manager continuous 2014

production and social can produce
unmanageable scope: care and clar-
ity in framing questions is required,
and a preparedness to focus on
key, achievable research questions
(see further below).

Sound experimental study design.
Again, multi-tenure, -stakeholder, -
value and -motivation contexts
limit the possibility of straightfor-
ward experiments aimed at a few
cause-effect links. For some partici-
pants, interventions that retain in-
stream water and revegetated
banks are sufficient, assuming that
water quality and biodiversity will
be co-benefits. Other participants,
and regulatory  requirements,

ECOLOGICAL MANAGEMENT & RESTORATION VOL 23 NO 1 JANUARY 2022

demand water and soil chemistry
monitoring and species surveys.
Also, the lack of experimental con-
trols at both site and catchment
scales and comprehensive before-
intervention data make experimen-
tal purity difficult, if not impossi-
ble. We acknowledge that the
Mulloon Creek catchment is
unique — lessons learned here
may not be directly applied to
other catchments. However, tools,
such as the Hydrogeological Land-
scapes Framework (Moore et al.
2018), provide a means of explor-
ing similarities and differences
with other catchments. There is
always a tension between investing

© 2022 The Mulloon Institute. Ecological M. t & R

in improving degraded catchments
versus investing in research to
understand how a least disturbed
catchment functions. To date, The
Mulloon Institute and its diversity
of funders are focussing on restora-
tion complemented by research
and monitoring.

4 Measurement of appropriate enti-

ties. Features (2) and (3) (Box 2)
notwithstanding, there is scope
for later regret over not having cap-
tured a particular variable or pro-
cess. A wuseful warning is “In
2050, which aspects of ecological
change will we regret not having
measured?” (Lindenmayer et al.
2015: 213.) As per above, for
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as the MRI, a full research plan
and monitoring system invites an
unachievable array of entities, even
for what is a relatively well-
resourced initiative led by an
NGO and local community. Even
with the Institute’s dedicated staff
and resources, fulfilling its monitor-
ing program will be difficult and
expensive. For a typical
community-led initiative, compre-
hensive monitoring would be
impossible. A major need in land-
scape rehabilitation, especially
stream reconstruction, is for the
development of agreed minimum
but rigorous standards for design
and monitoring, an aim the Insti-
tute is pursuing with others.

data curation, analysis and commu-
nication are vital not only from a
research perspective but also for
maintaining interest, trust and
motivation in participants, and to
support reporting and compliance.
Recourse to additional data also

reframes questions: we have
increased attention to ground
water hydrology and ground-

surface water connectivity in light
of data indicating greater complex-
ity than generally assumed. For
other, purely practical restoration
projects not driven by a mandate
for or commitment to research,
high level data capacities will be
deemed unnecessary and too
resource intensive. Community-led

6 Scientific

port from government agency staff
or research organisations to under-
take data-intensive monitoring and
reporting, or combine resources
to establish shared capacities. The
scale of past and especially future
monitoring and data demands of
the MRI represent major undertak-
ings and require advance skills
and field and data management
infrastructure. Again, the develop-
ment of minimum but sufficient
standards for application across
similar projects is desirable.

productivity.  Peer-
reviewed papers in the open litera-
ture is the ideal, but as noted, long-
term projects may take perhaps a
decade to generate sufficient time

© 2022 The Mulloon Institute. Ecological Management & Restoration published by
Ecological Society of Australia and John Wiley & Sons Australia, Ltd.
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series. We suggest that other forms
of communication should be
explicitly aimed for as well as aca-
demic publication. The Institute’s
approach has been to pre-empt for-
mal publication with public release
of monitoring reports, data sum-
maries, communication of activi-
ties and preliminary findings to an
extensive membership list (e.g. a
quarterly newsletter), conference
presentations and numerous field
days. While short of formal
research publishing, these mea-
sures invite scrutiny and develop
trust via openness. One issue
encountered is where student or
early-career research projects are
a core part of the research effort.
Release of student data or theses
must be managed to protect the
intellectual property rights and
future publishing opportunities.

7 Project management. The estab-
lishment of partnerships has been
both essential and time consuming,
and we would add a further feature
of effective LTERM (see 9 below).
For leadership and succession plan-
ning, the formal governance struc-
ture of The Mulloon Institute
makes this more achievable than
for any one-off project, and is
needed when activities and espe-
cially monitoring span decades.
This suggests use of a properly con-
stituted organisation with reason-
able expected longevity to
manage administrative, financial
and data matters. ‘Leadership’ in
Box 3 (point 7) is not the correct
term for a co-owned, multi-party
initiative, as opposed to a tradi-
tional research project led by a
senior scientist. ‘Champions’ with
shared visions, ongoing engage-
ment and supporting transparent
and participatory process are more
suitable. On funding, the on-
ground works component of the
MRI have been considerably less
than the LTERM-related costs (staff,
field equipment, instrumentation,

40 ECOLOGICAL MANAGEMENT & RESTORATION VOL 23 NO 1 JANUARY 2022

etc.), not even counting significant
in-kkind academic contributions.
Any restoration project wishing to
include an LTERM dimension
should be aware of such costs,
and that research and especially
monitoring funding may be diffi-
cult to obtain.

8 Research logistics. The demands of
LTERM have been challenging even
for a relatively well-resourced pro-
ject. (See Youngetob et al 2018
further on the costs and resourcing
of LTERM). Underestimation of
required staff, field equipment,
information technology, etc., will
undermine the research and moni-
toring capacity. It is likely that
external support will be required
for any restoration project espe-
cially at larger scales and over
many years. As per the investments
in Table 2, central to LTERM is
security of site access, which for
simple restoration projects needs
only to be for the duration of man-
agement actions, not long-term
monitoring. For the MRI, sites
under the ownership of the Insti-
tute are secure; however, trust
and engagement are required to
assure access to other properties
(thus far, without issue). As the
MRI spreads to public land tenure
in future implementation stages,
additional issues of managing ongo-
ing access and collaboration arise.
We recommend MoUs or similar,
which while non-binding and gen-
eral, articulate mutual goals and
expectations.

9 Stakebolder engagement and
management (New feature). With
a cross-tenure context, complex
regulatory environment and multi-
ple stakeholders, the Institute’s
experience instructs that effort
and skills are required to engage
with and manage communication
and activities across participating
partners. To date, these include:
researchers from multiple disci-
plines, landholders (who vary from

© 2022 The Mulloon Institute. Ecological M. t & R

major commercial operators to
non-resident amenity), agencies
and philanthropic and public sup-
porters with varied motivations.
Partners include numerous public
agencies at local, regional, state
(multiple within one state) and fed-
eral levels. The demands of such
diverse and cross-sector engage-
ment well exceeds that typical in
a purely research-focussed LTERM.
The MRI is not just about participa-
tion, but more about comprehen-
sive and equal partnerships closer
to the ideals of co-production and
co-governance (e.g. Wyborn
2015). Hence, a diversity of skills
is required including in relevant
social sciences.

Conclusion

The genesis of Mulloon Rehydration
Initiative began 15 years ago with
paddock walks and conversations
between Tony Coote and Peter
Andrews, resulting in a demonstration
project on Tony’s property. The visu-
ally dramatic changes along that sec-
tion of Mulloon Creek (Fig. 4) have
since inspired neighbours and many
visitors, including senior public fig-
ures (https://themullooninstitute.org/
testimonials). Funding for expanded
activities is now flowing for rehydra-
tion projects along the full length of
the Mulloon Creek, integrated with a
multi-dimensional research and moni-
toring program.

We look forward to further
community- or NGO-led major rehy-
dration initiatives being informed by
the MRI experience. We aim to
develop efficient and sufficient pro-
ject design and long-term monitoring
approaches that test our understand-
ing of desired catchment outcomes
and informs similar activities in other
catchments. However, if our Initiative
and other catchment scale projects
are to be properly monitored and con-
tribute to a larger body of data and
understanding, critical support will
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be required by government agencies
and research organisations.

The journey, to date, has been com-
plex. While the principal focus of the
MRI is, on the face of it, simple: reha-
bilitation of stream and floodplain
morphology, hydrology, soil condi-
tion and vegetation, it is the scale that
makes it such a complex challenge. It
is large scale, more than 20 km of
stream and over 20 landholders. It
involves contested management inter-
ventions with regulatory hurdles to
negotiate; it requires active engage-
ment from multiple landholders with
multiple environmental, social and
production goals’ and, there is a clear
demand for all these on-ground activi-
ties to be integrated into a multi-
dimensional and long-term research
and monitoring program. Thus, the
MRI provides a case where effort is
being made to test the ‘science, art
and craft’ of long-term practice and
monitoring and to inform other
evidence-based, multi-stakeholder
management interventions at larger
scales. We hope the next 15 years
demonstrates this to be case.
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can be found in the following online

catchment condition States (see Fig-
ure 6) across ecological, hydrological,
landuse and social dimensions.
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There is increasing evidence that exposure to plants and green
space, and particularly to gardening, is beneficial to mental
and physical health, and so could reduce the pressure on NHS
services. Health professionals should therefore encourage their
patients to make use of green space and to work in gardens,
and should pressure local authorities to increase open spaces
and the number of trees, thus also helping to counteract air
pollution and climate change.

There is anxiety that the NHS cannot cope now and in the future
with the health needs of an increasing and ageing population. It
is also realised that pharmaceutical drugs, transformative though
they have been, are increasingly expensive and are not always as
effective as they appear in the results of early, enthusiastically
reported, clinical trials. Drugs are also prescribed at the cost of
side effects, which are a leading cause of admissions to hospital,
particularly for the elderly, who are poorly represented in trials.
Health depends on a range of social, economic and environmental
factors, as is emphasised by the shaming disparity between
the length of life in different areas of the country.' In addition
to improving the information given to patients and health
professionals on the true efficacy of drugs and on their risks, and
thus empowering choices for patients, there are opportunities
to treat some physical and mental conditions with alternative or
complementary therapies, and to encourage changes in lifestyle.
Such treatments could reduce the workload and financial pressure
on the NHS, particularly in primary care, but they clearly must only
be recommended by health professionals if there is good evidence
that they are effective; many are without merit. Ten million of the
UK population are defined as disabled, among them 6.9 million of
working age. Can we do better for these people without using drugs?

One group of holistic therapies that aim to treat the whole person
and has been well researched through surveys and randomised
trials is so-called green care, or therapy by exposure to plants

and goudening.z'3 Several trials have revealed the beneficial
effects on mood and mental health of simply observing nature,
or even images of natural scenes. In a Japanese study, viewing
plants altered EEG recordings and reduced stress, fear, anger

and sadness, as well as reducing blood pressure, pulse rate and
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muscle tension.” Another Japanese study simply found that it
more beneficial physiologically to view a green hedge rather

than a concrete fence.” In a pioneering randomised study by

the environmental psychologist Roger Ulrich,® views of plants

and trees from post-operative wards improved the mood of
patients, and reduced analgesic use, surgical complications and
length of stay. Similar beneficial results have been found for
patients undergoing dental treatment,” and viewing natural
scenes together with natural sounds improved the experience of
bronchoscopy.® Another carefully controlled study showed that
viewing sculpture gardens without any greenery through the
windows of an oncology ward caused a negative reaction in many
patients.9 Even randomly exposing post operative patients to
pictures of countryside on the walls of their rooms can reduce pain
and anxiety, while, perhaps not surprising to everyone, abstract
images increased anxiety.!®"" It would be interesting to study the
mental effects of visiting art galleries! Paintings on the walls of a
Swedish psychiatric hospital were often vandalised, but only if they
were of abstract images, not if they were landscapes.' The charity
MIND compared short walks through a garden with walks in a
shopping complex, and showed that the former improved mental
health, whereas the latter made it worse.* Ina prison in Michigan,
residents who had a view of the countryside from their cells

used the prison medical services less than those with an internal
courtyard view.'

In another randomised experiment, when post-operative
patients were exposed to eight different species of indoor plants,
both pain and length of stay were once again reduced and
patients’ satisfaction with their hospital rooms was improved.'
Exposing pictures of flowers in the dictator game, which is an
economic game that questions whether individuals are solely
driven by self interest, can change the decisions made by the
players.'® In another study, putting plants in a computer room
improved productivity and lowered blood pressure.” Indoor
gardening has been used to treat patients with mental health
problems.18 It is not only the appearance of plants that is
beneficial: their leaves remove toxins, dust and microorganisms
from the air and they also produce the so-called negative ions
from their leaves. The overall evidence that charged ions affect
mood is, however, unconvincing,'’ despite advertisements strongly
recommending their benefits.

Many studies in the UK and other countries concur that higher
proportions of green space, especially biodiverse habitats, 2
are associated with less depression, anxiety and stress, even
after controlling for potential confounding factors such as
deprivation.?°22 In Japan, green space has been linked with
increased longevity.?® Exposure to green space seems to reduce



health inequalities related to deprivation,?* but associations are
not proof of an hypothesis and a few studies have disagreed.?>%®
In reality, studies such as these suffer from embedded residual
confounding correlations between green space and higher income,
better housing, and healthier lifestyles (such as less smoking),
which can be difficult to disentangle. Interestingly, the benefit of
green space may not be simply related to physical activity,?”?® but
might rely more on improved social interaction.?’

Therapeutic gardens have been used in hospitals for thousands of
years, and were strongly supported by Florence Nightingale; they
improve the surroundings for patients, visitors and staff. Ulrich"’
has emphasised their beneficial effects on stress, especially if the
spaces support biodiversity, with increased satisfaction reported
by those who use them.

A small central garden between buildings at St Thomas' Hospital
was created for the millennium; another at St George’s Hospital
was successfully commissioned by Harold Lambert FRCP. Gardens
that are attached to hospices, such as Maggie’s cancer centres, >
and care homes are now widespread and provide that important
view from the rooms and an area to visit. Recently, impressive
gardens for wheelchair users and those confined to beds have
been designed around spinal injury units; these are known as
Horatio’s gardens and have been set up in memory of Horatio
Chapple, who died in an accident in the Arctic.3' They can include
facilities for therapy and training in gardening skills.

Gardens around prisons have a long history of improving the
lives of the prisoners and offering training towards employment
in the horticulture industry. At the urban prison in Wandsworth, a
collaboration with The Conservation Foundation has seen green
areas introduced into the prison and an exercise yard dug up to
make way for a vegetable garden where produce can be grown.
In the First World War, British prisoners in the civilian internment
camp at Ruhleben in Germany were sent seeds and plants by the
Royal Horticultural Society in London to help them to develop a
successful garden.®®

A recent survey by Mintel for the charity Thrive,>* which enables
social and therapeutic horticulture, showed that among people with
disabilities, a quarter listed gardening as a hobby. Two-thirds of the
respondents owned a garden and 87 % had access to a garden that
they thought was beneficial to their health. Surveys in the general
population have given similar results, > with a large majority believing
that gardens were beneficial to health. Numbers of visitors to garden
centres and private gardens, such as those in the National Garden
Scheme or run by the National Trust, are increasing. Gardening
has been associated with a lower prevalence of dementia and with
positive health effects in several countries,*®3’ and economic benefits
have been shown, for instance, for mental health services.3®

In northern Europe, Green Care Farms have proved popular and
have grown in number so that there are now hundreds of such
facilities in Norway and in the Netherlands. Patients who have
impaired mental health, learning disabilities or drug dependency,
as well as older people, are referred for a period of work in
functioning farms, often involving animals.3® In England, the
University of Essex has set up the National Care Farms network. By
2012, the network included 180 farms, which were visited by 3000
patients a week;*® their positive benefits have been independently
reviewed.”! The charity Thrive has identified 800 therapeutic
horticulture projects across England and Wales.

32

Why does gardening seem to be so beneficial to health? It
combines physical activity with social interaction and exposure
to nature and sunlight. Sunlight lowers blood pressure as well

as increasing vitamin D levels in the summer,*? and the fruit

and vegetables that are produced have a positive impact on

the diet. Working in the garden restores dexterity and strength,
and the aerobic exercise that is involved can easily use the same
number of calories as might be expended in a gym. Digging,
raking and mowing are particularly calorie intense; > there is a
gym outside many a window. The social interaction provided

by communal and therapeutic garden projects for those with
learning disabilities and poor mental health can counteract social
isolation. Furthermore, it has also been reported that the social
benefits of such projects can delay the symptoms of dementia“®
(an effect that might be partly due to the beneficial effects of
exercise). Patients who are recovering from myocardial infarction
or stroke find that exercise in a garden, using constraint therapy
of a paretic limb, for example,* is more effective, enjoyable and
sustainable than therapy in formal exercise settings. For some
patients, gardening can even lead to employment. There are also
successful schemes that involve volunteers to help older people
who cannot manage their gardens, with both the volunteer and
the owner benefitting from the social interaction and from the
produce and a shared interest.

Intelligent Health points out that the pandemic of physical
inactivity is the fourth leading cause of premature death, and
contributes to preventable physical and mental disorders.“® The
Department of Health calculates that an increase of only 10%
in average exercise by adults would postpone 6000 deaths and
save £500 million annually.*” Regular moderate intensity exercise
may reduce the risk of dementia,"8 mental health problems,
cardiovascular disease, diabetes, and cancer of the breast and
colon, and in an Australian study, gardening was found to be
more effective than walking, education or maintaining alcohol
intake at moderate levels in protecting against dementia.* It
enhances self esteem and alters the EEG.* Similarly, moderate
exercise in leisure time is associated with increased longevity,
regardless of weight,*~>? particularly if combined with exposure
to natural scenes,” although some studies have suggested that
exercise declines with reduced cognition; a reverse causation
bias.

Thankfully, high intensity exercise is not needed to obtain
these benefits,”">2 which is perhaps as well given that the
uptake of cycling- and gym-based exercise is poor in the
older population, and that these activities can be expensive.
Gardening or simply walking through green spaces could
therefore be important in preventing and treating ill health. The
Five Year Forward Plan for the NHS®>* emphasises the potential
importance of prevention in reducing the mounting pressure
on the NHS and on social services. There are 152,000 strokes
annually and a total of 1.2 million stroke survivors in the UK.>®
Also in the UK, a quarter of a million patients are admitted to
psychiatric hospitals each year and dementia is predicted to
affect a million people by 2025.

Few complementary therapies have been convincingly shown
to be effective, but gardening and nature, which are alternative
therapies, offer a proven, cheap and nearly universally available
means to improve the nation’s health. Although there is evidence
that knitting can also help!®®
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The 2016 RCP report on pollution®’ underlined the deleterious
effects of air pollution on respiratory and cardiovascular health
globally, with an estimated 8000 premature deaths a year in

the UK alone being linked to this issue. The House of Lords has
reported specifically on the poor air quality in London.*® Poor

air quality can be associated with higher mortality in acute
medical wards.>® Not only larger forests® but also urban forests’
can offset this, as can plants in buildings, gardens, parks, and
roadways. Trees, for instance, remove large quantities of toxins
and particulates through their leaves,®! transmitting toxins to the
soil where microorganisms metabolise them, or trapping them in
hairs on leaves that later fall.*’ Roadside trees reduce the indoor
concentration of particulates.5? Although evergreen trees have
smaller leaf areas than their deciduous cousins, they are more
effective in the winter months. Trees themselves do emit varying
amounts of volatile compounds,®® but overall they reduce the
levels of pollutants close to roads.®*~® For instance, a single maple
tree can remove 48 Ib (22 kg) of particulates and 100 Ib (45 kg)
of carbon each year, as well as toxic metals, nitrogen oxides and
sulphur dioxide. The link between residence close to roads and
dementia and other problems67 could be due to exposure to the
many pollutants emitted by vehicles, such as nitrogen oxides,
carbon dioxide, ozone, metals, organic compounds and differently
sized particulates.

Trees, hedges, and other plants counter climate change by
trapping carbon and emitting oxygen; and worldwide, forests may
offset a quarter of man-made carbon dioxide. They also improve
the environment by reducing noise, heat, glare, wind, water run-
off, erosion and dust. Cooling from shading and the evaporation
of water from leaves can reduce the need for air conditioning
in buildings, and cooling also reduces the formation of some
pollutants, such as ozone. Even lawns and turf are helpful,%8%° also
trapping pollutants and passing them on to soil microorganisms,
in addition to providing recreational space for exercise. Plants
may also help to solve the problem of polluted soils in industrial
areas. Architects are reluctant to preserve old trees or add them to
their developments, and so trees must be protected or included in
planning consent conditions, and later properly maintained.

Health professionals should encourage their patients not to

see danger in exercise in the garden, green spaces, parks and

the countryside. Instead, they should emphasise the potential
benefits to patients” health,”® such as improvements in strength,
balance and dexterity. When appropriate, patients can be referred
to local community and therapeutic gardening projects, where
occupational therapists trained in horticulture help them to
manage and treat their medical issues.”’ This is part of what has
become known as social prescribing’? or community referral, which
has the potential to improve the physical and mental health of
the population by preventing illness or by ameliorating the effects
of established disability. Gardens can also help to improve parity
between the treatments for mental and physical disabilities.

The particular benefit of gardening to veterans of the armed
services has been fully reviewed.”® Both mental conditions, such a
post traumatic stress disorder, and the effects of physical injuries
can be improved,” and there are opportunities to train for a new
career in the expanding horticulture industry. Health professionals

© Royal College of Physicians 2018. All rights reserved.

should encourage the development of gardens in hospitals,
hospices, schools’® and prisons. They should try to influence the
design of new health service buildings by insisting that there are
views of outside nature from every patient and staff room, and
by placing internal plants in atria, communal areas, surgeries,
clinics and staff rooms, even if they are misguidedly banned from
wards. Even window boxes and balconies can be used. Health
professionals should also encourage the teaching of the skills and
benefits of gardening in schools.”®

In addition, health professionals should encourage local
authorities to plant more trees; the Greater London Authority
alone plans to plant two million more trees by 2025.7® Green
spaces, parks, gardens and allotments will improve the
environment,””~”° particularly where gardens are in short supply,
as in deprived urban areas. Despite the apparent density of
buildings in our towns, they do contain gardens and green areas,
with an average of one fifth of the land in UK towns being given
over to green space. Even in the most crowded cities, such as
New York and Singapore, roof gardens, green walls and hanging
containers are popular. A well-kept local environment improves
local pride and can reduce crime and social isolation. Urban
planners must be convinced of the importance of including green
space,”*® as they are in Holland.®’

I endorse Buck’s proposal® that gardens and gardening should
be incorporated in NHS England’s programmes for improving
public health, and hope that health professionals will be in the
vanguard of the campaign. They should also support the long-
standing charity Fields in Trust (previously the National Playing
Fields Association), which campaigns to preserve and increase
public green spaces.

The author is a trustee of the National Garden Scheme, and past
trustee, now patron, of the charity Thrive. He is a member of the Royal
Horticulture Society’s Health and Horticulture Forum, and he gardens
in London.

1 Marmot M, Goldblatt P, Allen ] et al. Fairer society, healthy lives
(the Marmot review). Institute of Health Equity, 2017. www.
instituteofhealthequity.org/resources-reports/fair-society-healthy-
lives-the-marmot-review [Accessed 29 March 2018].

2 Buck D. Gardens and health; implications for policy and practice.
King’s Fund, 2016. www.kingsfund.org.uk/publications/gardens-
and-health [Accessed 29 March 2018].

3 Sempik J, Aldridge J, Becker S. Social and therapeutic horticulture:
evidence and messages from research. Loughborough: Centre
for Child and Family Research, Loughborough University, 2003.
https://dspace.lboro.ac.uk/dspace-jspui/bitstream/2134/2928/1/
Evidenceb.pdf [Accessed 29 March 2018].

4 Nakamura R, Fujii E. Studies of the characteristics of the electroen-
cephalogram when observing potted plants. Techn Bull Fac Hort
Chiba Univ 1990;43:177-83.

5 Nakamura R, Fujii E. A comparative study of the characteristics of
the electroencephalogram when observing a hedge and a concrete
block fence. J Jap Inst Landscape Architects 1992;55:139-44.

6 Ulrich RS. View though a window may influence recovery from
surgery. Science 1984;224:420-1.

7 Heerwagen J. The psychological aspects of windows and window
design. In: Anthony KH, Choi J, Orland B (eds), Proceedings of the
21st Annual Conference of the Environmental Design Research
Association. St. Paul, MN: EDRA, 1990;269-80.


https://dspace.lboro.ac.uk/dspace-jspui/bitstream/2134/2928/1/Evidence6.pdf

10

I

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Diette GB, Lechtzin N, Haponik E, Devrotes A, Rubin HR. Distraction
therapy with nature sights and sounds reduces pain during flexible
bronchoscopy. Chest 2003;123:941-8.

Hefferman ML, Morstatt M, Saltzman K, Strunc L. A room with
a view art survey: the bird garden at Duke University Hospital.
Durham, NC: Cultural Services Program and Management Fellows
Program, Duke University Medical Center, 1995.

Ulrich RS, Lundén O, Eltinge JL. Effects of exposure to nature
and abstract pictures on patients recovering from heart surgery.
Psychphysiol 1993;Suppl 1:7.

Ulrich RS. Health benefits of gardens in hospitals. Plants for People
Conference, 2002.

Ulrich RS. Effects of interior design on wellness: theory and recent
scientific research. J Health Care Inter Des 1991;3:97-109.
Peacock J, Hine R, Pretty J. The mental health benefits of green
exercise activities and green care. MIND, 2007. https://psyk-info.
regionsyddanmark.dk/dwn109161.pdf [Accessed 29 March 2018].
Moore EO. A prison environment’s effect on health care service
demands. J Env Systems 1981-2;11:17-34.

Park SH, Mattson RH. Ornamental indoor plants in hospital rooms
enhanced health outcomes of patients recovering from surgery.

J Altern Complement Med 2009;15:975-80.

Raihani NJ, Bshary R. A positive effect of flowers rather than eye
images in a large-scale, cross-cultural dictator game. Proc Biol Sci
2012;279:3556-64.

Lohr VI, Pearson-Mims CH, Goodwin GK. Interior plants may
improve worker productivity and reduce stress in a windowless
environment. J Environ Hort 1996;14:97-100.

Spring JA, Baker M, Dauya L et al. Gardening with Huntingdon’s
disease clients — creating a programme of winter activities. Disabil
Rehab 2011;33:159-64.

Perez V, Alexander DD, Bailey WH. Air ions and mood outcomes: a
review and meta-analysis. BMC Psychiatry 2013;13:29.

Fuller RA, Irvine KN, Devine-Wright P, Warren PH, Gaston KJ.
Psychological benefits of greenspace increase with biodiversity.
Biol Letters 2007;3:390-4.

Beyer KMM, Kaltenbach A, Szabo A et al. Exposure to neigh-
bourhood green space and mental health: evidence from the
survey of the health of Wisconsin. Int J Environ Res Public Health
2014;11:3453-72.

Maas J, Verheij RA, de Vries S et al. Morbidity is related to a green
living environment. J Epidemiol Comm Health 2009;63:967-73.
Takano T, Nakamura N, Watanabe M. Urban residential envi-
ronments and senior citizens’ longevity in megacity areas: the
importance of walkable green spaces. J Epidemiol Comm Health
2002;56:913-8.

Mitchell R, Popham F. Effect of exposure to natural environment
on health inequalities: an observational population study. Lancet
2008;372:1655-60.

Richardson E, Pearce J, Mitchell K, Day P, Kingham S. The associa-
tion between green space and cause-specific mortality in urban
New Zealand: an ecological analysis of green space utility. BMC
Public Health 2010;10:240.

Mitchell R, Astell-Burt T, Richardson EA. A comparison of green
space indicators for epidemiological research. J Epidemiol
Community Health 2011;65:853-8.

Maas J, Verheij RA, Spreeuwenberg P, Groenewegen PP. Physical
activity as a possible mechanism behind the relationship between
green space and health: a multilevel analysis. BMC Public Health
2008;8:206.

Richardson EA, Pearce J, Mitchell R, Kingham S. Role of physical
activity in the relationship between urban green space and health.
Public Health 2013;127:318-24.

Maas J, van Dillen SM, Verheij RA, Groenewegen PP. Social contacts
as a possible mechanisms behind the relation between green
space and health. Health Place 2009;15:586-95.

30
31
32

33

34

35

36

37

38

39

40

41

42

43

44

45

46
47

48

49

50

51

52

Moberly T. Maggie’s cancer centre wins award. BMJ 2017;357;3113.
Leendertz L. Calm and even. The Garden 2017;142:57—-60.

The Conservation Foundation. Unlocking Nature at HMP
Wandsworth, 2017. www.conservationfoundation.co.uk/265
[Accessed 29 March 2018].

Royal Horticultural Society. Ruhleben Horticultural Society. www.
rhs.org.uk/education-learning/libraries-at-rhs/events-exhibitions/
ruhleben-horticultural-society [Accessed 29 March 2018].

Mintel Custom Solutions. Gardening among individuals with

a disability. Thrive, 2006. www.thrive.org.uk/files/documents/
ExecSummary.pdf [Accessed 29 March 2018].

ComRes. The health benefits of gardening. National Garden
Scheme, 2014. www.comresglobal.com/polls/the-national-gardens-
scheme-benefits-of-gardening-survey/ [Accessed 29 March 2018].
Soga M, Gaston KJ, Yamaura Y. Gardening is beneficial for health: a
meta-analysis. Prev Med Rep 2017;5: 92-9.

Fabrigoule C, Letenneur L, Dartigues JF et al. Social and leisure
activities and risk of dementia: a prospective longitudinal study.

J Amer Ger Soc 1995;43:485-90.

Vardakoulias O. The economic benefits of ecominds. MIND, 2013.
www.mind.org.uk/media/338566/The-Economic-Benefits-of-
Ecominds-report.pdf [Accessed 29 March 2018].

KPMG. Green, healthy and productive. Ministry of Economic Affairs,
Agriculture and Innovation, The Netherlands, 2012. https://www.
cbd.int/financial/values/Netherlands-valuehealth.pdf [Accessed 29
March 2018].

Bragg R. Care farming in the UK — key facts and figures. University
of Essex, 2013. http://publications.naturalengland.org.uk/
file/5833404847226880 [Accessed 29 March 2018].

Hine R, Peacock J, Pretty J. Care farming in the UK—evidence and
opportunities. University of Essex, 2008. www.carefarminguk.org/
sites/carefarminguk.org/files/Care % 20Farming % 20in % 20the % 20
UK % 20- % 20Essex % 20Uni % 20Report.pdf [Accessed 29 March
2018].

Sowah D, Fan X, Dennett L, Hagtvedt R, Straube S. Vitamin D levels
and deficiency with different occupations: a systematic review.
BMC Public Health 2017;17:519.

Vaz M, Karaolis N, Draper A, Shetty P. A compilation of energy
costs of physical activities. Public Health Nutr 2005;8:1153-83.
Simons LA, Simons J, McCallum J, Friedlander Y. Lifestyle factors
and risk of dementia: Dubbo Study of the elderly. Med J Aust
2006;184:68-70.

Wolf SL, Winstein CJ, Miller JP et al. Effect of constraint-induced
movement therapy on upper extremity function 3 to 9 months
after stroke. JAMA 2006;296:2095-104.

Intelligent Health 2018. www.intelligenthealth.co.uk.

Forest Research. Benefits of green infrastructure. Farnham: Forest
Research, 2010. www.forestry.gov.uk/pdf/urgp_benefits_of_green_
infrastructure.pdf/$FILE/urgp_benefits_of_green_infrastructure.
pdf [Accessed 29 March 2018].

Larson EB, Wang L, Bowen 1D et al. Exercise is associated with
reduced risk for incident dementia among persons 65 years of age
and older. Ann Intern Med 2006;144:73-81.

Vogt T, Schneider S, Abeln V, Anneken V, Strider HK. Exercise,
mood and cognitive performance in intellectual disability —
neurophysiological approach. Behav Brain Res 2012;226:473-80.
Pretty J, Peacock J, Sellens M, Griffin M. The mental and physical health
outcomes of green exercise. Int ] Environ Health Res 2005;15:319-37.
Department of Health. Physical activity guidelines for adults
(19-64 years), 2011. www.gov.uk/government/uploads/system/
uploads/attachment_data/file/213740/dh_128145.pdf [Accessed
29 March 2018].

Department of Health. Physical activity guidelines for older adults
(65+ years), 2011. www.gov.uk/government/uploads/system/
uploads/attachment_data/file/2137471/dh_128146.pdf [Accessed
29 March 2018].

© Royal College of Physicians 2018. All rights reserved.


https://psyk-info.regionsyddanmark.dk/dwn109161.pdf
www.rhs.org.uk/education-learning/libraries-at-rhs/events-exhibitions/ruhleben-horticultural-society
www.thrive.org.uk/files/documents/ExecSummary.pdf
https://www.cbd.int/financial/values/Netherlands-valuehealth.pdf
http://publications.naturalengland.org.uk/file/5833404847226880
www.carefarminguk.org/sites/carefarminguk.org/files/Care%20Farming%20in%20the%20UK%20-%20Essex%20Uni%20Report.pdf
www.forestry.gov.uk/pdf/urgp_benefits_of_green_infrastructure.pdf/$FILE/urgp_benefits_of_green_infrastructure.pdf
www.gov.uk/government/uploads/system/uploads/attachment_data/file/213740/dh_128145.pdf
www.gov.uk/government/uploads/system/uploads/attachment_data/file/213741/dh_128146.pdf

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Sparling PB, Howard BJ, Dunstan DW, Owen N. Recommendations
for physical activity in older adults. BMJ 2015;350:h100.

NHS England. NHS five year forward view, 2014. www.england.nhs.
uk/five-year-forward-view/ [Accessed 29 March 2018].

Stroke Association. State of the nation: stroke statistics, 2017.
www.stroke.org.uk/system/files/sotn_2018.pdf [Accessed 29 March
2018].

Knit for Peace. The health benefits of knitting, 2017. www.
knitforpeace.org.uk/wp-content/uploads/2017/05/The-Health-
Benefits-of-Knitting-Preview.pdf [Accessed 29 March 2018].

Royal College of Physicians. Every breath we take: the lifelong
impact of air pollution. Report of a working party. London: RCP,
2016. www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-
lifelong-impact-air-pollution [Accessed 29 March 2018].

Goddard J, Haves E. Air quality in London. London: House of Lords
library briefing, 2017. http://researchbriefings.parliament.uk/
ResearchBriefing/Summary/LLN-2017-0035 [Accessed 29 March 2018].
Lyons J, Chotirmall SH, O’Riordan D, Silke B. Air quality impacts mor-
tality in acute medical admissions. Quart J Med 2014;107:347-53.
Urban forestry network. Trees improve our air quality. http://
urbanforestrynetwork.org/benefits/air % 20quality.htm [Accessed
29 March 2018].

Smith WH, Staskawicz BJ. Removal of atmospheric particles by
leaves and twigs of urban trees. Environ Manag 1997;1:317-30.
Stewart H, Owen S, Donovan R et al. Trees and sustainable urban
air quality. Lancaster: Centre for Ecology and Hydrology, University
of Lancaster, 2002.

Maher BA, Ahmed IAM, Davison B, Karloukovski V, Clarke R. Impact
of roadside tree lines on indoor concentrations of traffic-derived
particulate matter. Environ Sci Technol 2013;47:13737-44.
Calderén-Garciduenas L, Villarreal-Rios R. Living close to heavy
traffic roads, air pollution, and dementia. Lancet 2017;389:675-7.
Chen H, Kwong JC, Copes R et al. Living near major roads and the
incidence of dementia, Parkinson’s disease, and multiple sclerosis:
a population-based cohort study. Lancet 2017;389:718-26.

Lovasi GS, Quinn JW, Neckerman KM, Perzanowski MS, Rundle A.
Children living in areas with more street trees have lower preva-
lence of asthma. J Epidemiol Community Health 2008;62:647-9.
Nowak D], Crane DE, Stevens JC. Air pollution removal by urban
trees and shrubs in the United States. Urban Forestry Urban
Greening 2006;4:115-23.

Beard JB, Green RL. The role of turfgrasses in environmental
protection and their benefits to humans. J Environ Qual
1994;23:452-60.

Qian Y, Follett RF. Assessing soil carbon sequestration in
turfgrass systems using long-term soil testing data. Agron J
2002;94:930-5.

© Royal College of Physicians 2018. All rights reserved.

70

71

72

73

74

75

76

77

78

79

80

81

NICE. Mental wellbeing in over 65s: occupational therapy and
physical activity interventions. NICE public health guideline 16,
2008. www.nice.org.uk/guidance/ph16 [Accessed 29 March 2018].
Legg L, Drummond A, Leonardi-Bee J, et al. Occupational therapy
for patients with problems in personal activities of daily living after
stroke: systematic review of randomised trials. BMJ 2007;335:922-5.
The King’s Fund. What is social prescribing? 2017. www.kingsfund.
org.uk/publications/social-prescribing [Accessed 29 March 2018].
Wise J. Digging for victory. Horticultural therapy with veterans for
post-traumatic growth. Karnac Books, 2015.

Atkinson J. An evaluation of the Gardening Leave project for ex-military
personnel with PTSD and other combat related mental health prob-
lems. London: Pears Foundation, 2009. www.researchgate.net/profile/
Jacqueline_Atkinson/publication/265575473_AN_EVALUATION_OF _
THE_GARDENING_LEAVE_PROJECT_FOR_EX-MILITARY_PERSONNEL _
WITH_PTSD_AND_OTHER_COMBAT_RELATED_MENTAL_HEALTH_
PROBLEMS/links/55094b960cf26ff55f852b50.pdf [Accessed 29 March
2018].

Royal Horticultural Society. RHS campaign for school gardening.
The Garden 2017;142:117.

Smith J. The mayor’s street tree programme. Final evaluation
report: 2008 to 2012. Forestry Commission and Mayor of London,
2012. www.london.gov.uk/sites/default/files/mstp_evaluation_
winter_2012.pdf [Accessed 29 March 2018].

McDonald AG, Bealey W], Fowler D et al. Quantifying the effect of
urban tree planting on concentrations and depositions of PM;q in
two UK conurbations. Atmosph Environ 2007;41:8455-67.
Commission for Architecture and the Built Environment (CABE).
Green space strategies. A good practice guide. CABE space, 2004.
http://webarchive.nationalarchives.gov.uk/20110118095356/
http:/www.cabe.org.uk/files/green-space-strategies.pdf [Accessed
29 March 2018].

Smith L, Pratt A. Garden cities, towns and villages. Briefing

paper number 06867. House of Commons Library, 2017. http://
researchbriefings.parliament.uk/ResearchBriefing/Summary/
SNO06867 [Accessed 29 March 2018].

Hartig T, Mitchell R, de Vries S, Frumkin H. Nature and health.

Ann Rev Public Health 2014;35:207-28.

Maas J, Verheij RA, Groenewegen PP, de Vries S, Spreeuwenberg

P. Green space, urbanity, and health: how strong is the relation?

J Epidemiol Comm Health 2006;60:587-92.


http://researchbriefings.parliament.uk/ResearchBriefing/Summary/LLN-2017-0035
www.kingsfund.org.uk/publications/social-prescribing
www.researchgate.net/profile/Jacqueline_Atkinson/publication/265575473_AN_EVALUATION_OF_THE_GARDENING_LEAVE_PROJECT_FOR_EX-MILITARY_PERSONNEL_WITH_PTSD_AND_OTHER_COMBAT_RELATED_MENTAL_HEALTH_PROBLEMS/links/55094b960cf26ff55f852b50.pdf
www.london.gov.uk/sites/default/files/mstp_evaluation_winter_2012.pdf
http://researchbriefings.parliament.uk/ResearchBriefing/Summary/SN06867

INCINERATION
AND HUMAN
HEALTH

State of Knowledge of the Impacts of \Waste Incinerators
on Human Health.

Michelle Allsopp, Pat Costner and Paul Johnston
Greenpeace Research Laboratories,
University of Exeter, UK.



INCINERATION AND HUMAN HEALTH

EXECUTIVE SUMMARY

INCINERATORS - WASTE GENERATORS
ENVIRONMENTAL AND HUMAN EXPOSURE TO INCINERATOR RELEASES
HEALTH IMPACTS
INCINERATOR RELEASES AND REGULATION
Stack Gases
Dioxins
Other Organic Compounds
Heavy Metals
Paritculate Matter
Ashes
The Way Forward
GREENPEACE DEMANDS

1. INTROCUCIONS TO HEALTH EFFECTS OF INCINERATIONS

Types of Research Study
Exposure Studies
Epidemiological Studies
Risk Assessment

2. OCCUPATIONAL HEALTH IMPACTS

2.1Exposure
2.1.1Dioxins
2.1.10ther Organic Compounds
2.1.3Heavy Metals
2.1.4 Biomarkers
2.1.5Mutagenic Compounds
2.2Health Impacts
2.2.1. Mortality
2.2.2 Morbidity

3. HEALTH IMPACTS ON POPULATIONS LIVING NEAR TO INCINERATORS

3.1 Exposure Studies
3.1.1 Dioxins and PCBs
3.1.2 Heavy Metals
3.1.3 Biomarkers
3.2. Health Effects — Epidemiological Studies
3.2.1 Cancer
Soft Tissue Sarcoma and Non-Hodgkin’s Lymphoma
Lung Cancer
Cancer of the larynx
Liver Cancer and Other Cancers
Childhood Cancer

2 INCINERATION AND HUMAN HEALTH



3.3.3 Respiratory Effects
3.2.3 Sex Ration
3.2.4 Congenital Abnormalities
3.2.5 Multiple Pregnancy
3.2.6 Hormonal Effects

3.3 Risk Assessments

. ENVIRONMENTAL CONTAMINATION

4.1. Deliberate and Fugitive Releases from Incinerators
4.2. Studies on Environmental Contamination
4.2.1 Soil and Vegetation
Dioxins
Heavy Metals
4.2.2 Cow's Milk

. INCINERATOR RELEASES

5.1 Releases to Air
5.1.1 Organic Compounds
Dioxins
Formation of Dioxins in Incinerators
Dioxin Inventories and Incineration
Performance of Updated and New Incinerators
5.1.2 Other Organic Compounds
PCBs
PCNs
Chlorinated Benzenes
Halogenated Phenols
Brominated and Mixed Halogenated Dioxins
Polychlorinated dibenzothiophenes (PCDBTs)
PAHs
VOCs
5.1.3 Heavy Metals
5.1.4 Particulate Matter
5.1.5 Inorganic Gases
5.1.6 Other Gases
5.2 Releases to Water
5.3 Releases to Ashes
5.3.1 Organic Compounds
Dioxins
Other Organic Compounds
5.3.2 Heavy Metals
5.4 Disposal of Ashes
5.41 Disposal of Fly Ash
5.4.2 Disposal of Bottom Ash

INCINERATION AND HUMAN HEALTH 3



6. THE SOLUTION: REDUCE, RE-USE AND RECYCLE AND PHASE OUT INCINERATION

6.1 Problems of Incineration
6.1.1 Environment and Health
6.1.2 Economics
6.1.3 Sustainability
6.2 Current EU Policy and Waste Management
6.3 The Way Forward: Adoption of the Precautionary Principle and Zero Emissions Strategy
6.3.1 Adoption of the Precautionary Principle
6.3.2 Adoption of Zero Discharge
6.3.3 Implementation of REDUCE, RE-USE AND RECYCLE

7. REFERENCES
APPENDIX A
HEALTH EFFECTS OF SPECIFIC POLLUTANTS EMITTED FROM INCINERATORS
1. Particulate Matter
1.1 Introduction
1.2 Health Effects of Particulates
2. Dioxins
3. Heavy Metals
3.1. Lead
3.2 Cadmium
3.3 Mercury
References for Appendix A
APPENDIX B
Individual compounds Identified in the Emissions of a Municipal Waste Incineration Plant

4 INCINERATION AND HUMAN HEALTH



EXECUTIVE SUMMARY



Management of municipal and industrial waste is a growing
problem throughout the world. In the European Union,
while waste output is continually increasing, new
regulations are imposing more stringent restrictions on the
amount of waste permitted to go to landfill. At the same
time, many incinerators have been closed over the past few
years because of stricter regulations on their atmospheric
emissions. In Europe, all incinerators will soon have

to comply with new standards set out in a recent EC

draft directive.

Fortunately, there are alternative solutions to turn around
the waste crisis on a long-term basis. Primarily, this means
the implementation of waste prevention strategies, and in
conjunction with this, waste re-use and recycling. Despite
this option, there is an emerging trend for constructing, and
planning to construct, new incinerators in an attempt to
provide a "quick fix" solution to the waste crisis. Incinerators
are deemed as favourable in this respect because they are
perceived as reducing waste to one tenth of its original
volume, and therefore reduce the volume of waste going
to landfill sites.

Incinerators, however, are controversial in terms of their
potential impacts on the environment and human health,

as well as in terms of the economic considerations which
do not favour this technology. They are known to emit
numerous toxic chemicals into the atmosphere and produce
ashes and other residues. One country, the Philippines, has
taken serious note of the many concerns about incineration
at a governmental level. Following strong public opposition
to incinerators, the Philippine Clean Air Act of 1999, banned
the incineration of municipal, medical and hazardous waste.
Waste reduction, re-use and recycling are being promoted
while non-burn technologies are recommended for waste
that needs some form of treatment. Meanwhile, some
governments in Europe are advocating the construction of
even more incinerators.

This report was undertaken to draw together scientific
findings on incinerator or releases and their impacts on
human health. A broad range of health effects have been
associated with living near to incinerators as well as with
working at these installations. Such effects include cancer
(among both children and adults) adverse impacts on the
respiratory system, heart disease, immune system effects,
increased allergies and congenital abnormalities. Some
studies, particularly those on cancer, relate to old rather
than modern incinerators. However, modern incinerators
operating in the last few years have also been associated
with adverse health effects.

Despite reductions of some chemicals in stack emissions,
modern incinerators nevertheless still emit numerous toxic
substances to the atmosphere as well as in other residues
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such as fly ash and bottom ash. Moreover, reductions of
dioxins and other chemicals in stack gases commonly leads
to increased releases of these same chemicals in the other
incinerator residues. In most cases, health effects which
have been associated with incinerators cannot be tied
down to a particular pollutant, Together with the limited
data available, it is, therefore, impossible to predict

health effects of incinerators including new or updated
installations. With such factors in mind, this report
demonstrates that there is an urgent need for the complete
phase out of incineration and the implementation of sound
waste management policies based on waste prevention,
re-use and recycling.

INCINERATORS - WASTE GENERATORS

It is a common misconception that things simply

disappear when they are burned. In reality, matter cannot
be destroyed - it merely changes its form. This can be
exemplified by looking at the fate of some substances in
wastes which are burned in municipal solid waste (MSW)
incinerators. These incinerators are typically fed mixed
waste streams that contain hazardous substances, such as
heavy metals and chlorinated organic chemicals. Following
incineration, heavy metals present in the original solid waste
are emitted from the incinerator stack in stack gases and

in association with tiny particles, and are also present
throughout the remaining ashes and other residues.
Incineration of chlorinated substances in waste, such as
polyvinyl chloride (PVC) plastic, leads to the formation of
new chlorinated chemicals, such as highly toxic dioxins,
which are released in stack gases, ashes and other
residues. In short, incinerators do not solve the problems

of toxic materials present in wastes. In fact they simply
convert these toxic materials to other forms, some of which
may be more toxic than the original materials. These

newly created chemicals can then re-enter the environment
as contaminants in stack gases, residual ashes and

other residues.

All types of incinerators release pollutants to the
atmosphere in stack gases, ashes and other residues. A
multitudinous array of chemicals is released, including
innumerable chemicals that currently remain unidentified.
The chemicals present in stack gases are often also present
in ashes and other residues. Such chemicals include
dioxins, polychlorinated biphenyls (PCBs), polychlorinated
napthalenes, chlorinated benzenes, polyaromatic
hydrocarbons (PAHs), numerous volatile organic
compounds (VOCs), and heavy metals including lead,
cadmium and mercury. Many of these chemicals are
known to be persistent (very resistant to degradation in the
environment), bioaccumulative (build up in the tissues of
living organisms) and toxic. These three properties make
them arguably the most problematic chemicals to which
natural systems can be exposed. Some of the emitted



chemicals are carcinogenic (cancer-causing) and some are
endocrine disruptors. Others such as sulphur dioxide (SO?)
and nitrogen dioxide (NO?) as well as fine particulate
matter, have been associated with adverse impacts on
respiratory health.

It is a popular misconception that the weight and volume of
the original raw waste are reduced during incineration. It is
often quoted that the volume of waste is reduced by about
90% during incineration. Even if only the residual ashes are
considered, however, the actual figure is closer to 45%. The
weight of waste is supposedly reduced to about one-third
during incineration. However, this once again refers only to
ashes and ignores other incinerator emissions in the form of
gases, which result in an increased output in weight. In
sum, if the mass of all the outputs from an incinerator,
including the gaseous outputs, are added together, then the
output will exceed the input.

ENVIRONMENTAL AND HUMAN
EXPOSURE TO INCINERATOR RELEASES

The research carried out on environmental contamination
and human exposure to pollutants released by incinerators
is limited and has focused mainly on dioxins and heavy
metals. Research has demonstrated that both older

and more modern incinerators can contribute to the
contamination of local soil and vegetation with dioxins

and heavy metals. Similarly, in several European countries,
cow’s milk from farms located in the vicinity of incinerators
in has been found to contain elevated levels of dioxins, in
some cases above regulatory limits.

Populations residing near to incinerators are potentially
exposed to chemicals through inhalation of contaminated
air or by consumption of contaminated agricultural produce
(e.g. vegetables, eggs, and milk) from the local area and by
dermal contact with contaminated soil. Significantly
increased levels of dioxins have been found in the tissues of
residents near to incinerators in the UK, Spain and Japan
most likely as a result of such exposure. Two studies in the
Netherlands and Germany however, did not find increased
levels of dioxins in body tissues of residents living near
incinerators. At an incinerator in Finland, mercury was
increased in hair of residents living in the vicinity, most likely
due to incinerator releases. Children living near a modern
incinerator in Spain were found to have elevated levels of
urinary thioethers, a biomarker of toxic exposure. Elevated
levels or more frequent occurrence of certain PCBs
occurred in the blood of children living near a hazardous
waste incinerator in Germany.

Several studies have reported elevated levels of dioxins
(total TEQ), and/or certain dioxin congeners, in the body
tissues of individuals employed at both modern and older
incinerators. This is thought to be a consequence of

exposure to contaminated ashes in the workplace. Similarly,
some studies have reported increased levels of chlorinated
phenols, lead, mercury and arsenic in the body tissues of
incinerator workers.

HEALTH IMPACTS

Experimental data confirm that incinerators release

toxic substances and that humans are exposed as a
consequence. Studies on workers at incinerator plants,
and populations residing near to incinerators, have
identified a wide range of associated health impacts (see
tables below). These studies give rise to great concerns
about possible health impacts from incinerators even
though the number of studies (particularly those that
have been conducted to appropriately rigorous scientific
standards) is highly limited. These should be seen, however,
as strongly indicative that incinerators are potentially very
damaging to human health.

HEALTH IMPACT COMMENTS

Incinerator ashes and stack
emissions are mutagenic
(have the ability to damag