











































































































Plasma Gasification

Although plasma gasification is often
hailed as the next technology to convert
waste to electricity without the need

to employ incineration technologies
there are no large scale plants using this
technology in operation at present. We
have chosen to produce a summary

of the current status of the plasma
gasification of waste but have included
descriptions of processes that WSP
considers the nearest to commercial
operation and not all processes that are
currently being promoted.

Unfortunately, there are no commercially

operating plasma gasification plants

that could be considered state-of-the-
art and therefore we are providing a
review of the current status of plasma
gasification, which will allow the reader
to understand where the technology sits
within the panoply of WHE technologies.

A plethora of plasrr%.“gasiﬂcation
processes have been marketed over
the past few years as alternatives to
incineration for treating residual

MSW and SRF/RDF and our in-house
database includes 55 such plasma
gasification processes. These processes
vary considerably in the level of
provenness, scale, credibility of supplier,
costs and hence ‘bankability’ (the ability
to secure project finance on normal
commercial terms).

WSP has used its in-house knowledge
to identify the most credible processes
and suppliers who could develop a fully
commercial process within five years,
and an analysis of each process can be
found in the Stage 2 report.

Driven by the size of the commercial
opportunity some plasma process
developers are anxious to compete
directly with incineration for mass

s

y

processing of municipal solid waste.
Below we discuss six key challenges
associated with such applications:

= heat transfer:

= scale and modularity;

= heterogeneity;

» relatively low calorific value;

= relatively high moisture content; and
= high ash content.

Aside from these technical aspects
there are also questions whether plasma
processing of MSWV is economically
viable and whether potential customers
can be convinced about its operational
availability. Thus, when considering
large-scale MSWV applications there

are technology risks and economic
uncertainties. At the present time
there is insufficient evidence available
to allow a definitive judgement - either
way - about the applicability of plasma
processes for processing MSW.
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4. Recent
Health and
Environmental
Impact Studies

4.| Introduction

This section presents a summary of
the Stage Three report provided in
the appendices to this report. It
summarises a review of literature
published over the last |5 years
encompassing potential environmental
and health risks associated with
emissions from Waste-to-Energy plants,
processing predominantly municipal
solid waste. This focuses necessarily on
incineration as there is limited available
information on the environmental or
health impacts on alternative advanced
thermal treatment technologies.
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4.2  Assessing the Impacts
of MSW Thermal Treatment

Key considerations when evaluating

the environmental or health effects

of thermal treatment technologies
include direct comparison of potential
impact with other waste treatment
options, consideration of relative impact
when compared to non-waste related
anthropogenic activities and specifically
for emission to air, the potential

relative impact on air quality conditions.
Whilst it is accepted all emissions from
whatever process should be minimised
as far as possible, understanding and
recognising the context in which facilities
may operate has been an element in
the assessment process or regulatory
considerations in other jurisdictions.

Comparison with other
waste processing options

A 201 paper written for the VWaste
Management Journal studied the energy
implications of the thermal recovery of
biodegradable MSW materials in the
UK and found very little prior research
on the subject of the overall energy
balance for the collection, preparation
and energy recovery processes for
different types of wastes. The study
carried out energy balances for the
thermal processing of food waste,
garden waste, wood, waste paper and
the non-recyclable fraction of MSWV.
The gross energy usage and production
expressed per tonne of feedstock was
summarised showing the chemical

and electrical energy consumed by

the collection and processing of each
waste stream and by each process, with
gross electrical energy generated by

the process. It presented the overall
energy balance for each process in terms
of tonnes of oil equivalent, enabling
comparison of the processes and stages
for each process on an equivalent

basis. Whilst the authors acknowledged
certain limitations with the assessment
e.g. the findings in this study were highly
dependent on the composition of the
waste streams. However, for all of the
wastes included in the study, combustion
in dedicated facilities or incineration with
the MSWV stream was the most energy-
advantageous option.

A 2009 paper written for Environment
Technology Journal considered trends in
the management of residual municipal

solid waste and the3nvironmental and
health impacts of installations dedicated
to the treatment of residual MSWV. The
scale of operations (treatment capacity)
was not considered to be proportional
to their potential environmental impact.
The authors consider a more significant
role is played by the qualitative aspects
of the residual MSW. A combustion
plant treating 50,000 tonnes per annum
can have an environmental impact similar
to that of a combustion plant treating
100,000 tonnes per annum, where the
available potential energy within the
material in each case significantly differs.
The available potential energy within

a material is often termed the Lower
Heating Value (LHV) when used in
reference to thermal processing and
combustion systems. In the hypothetical
example above, if the LHV of rMSW
treated in the 50,000 tonnes per annum
facility is twice as much as the LHV
material entering 100,000 tonnes per
annum facility, this has implications for
environmental performance, as thermal
power rather than capacity becomes

an increasingly significant aspect

when comparing the environmental
performance of the two facilities.

A paper published in the US Journal

of the Air & Waste Management
Association (2002) evaluated potential
greenhouse gas (GHG) emissions
associated with various MSW
management practices, using a LCA
approach to track GHG emissions
over time. The authors reported a
substantial reduction in GHG emissions
resulting from improvements in the
management of MSW, including WtE
operations, from 36 million metric
tons of carbon equivalents (MMTCE)
in 1974 to 8 MMTCE in 1997. The
article noted that there were two
important ways that waste combustion
and energy recovery contributed to a
reduction in GHG emissions - waste is
diverted from landfills where there is a
continuous release of GHG emissions
over time, and the resulting energy
replaces electricity generated from fossil-
fuel burning facilities that contribute
substantially higher GHG emissions.

A 2011 report published by an EU
Agency used a life-cycle approach

to assess GHG emissions in the EU,
Norway and Switzerland and concurred
with the general findings of the previous
2002 US paper. It concluded that

improved MSW management was
deemed to have cut GHG emissions

by 48M tonnes of CO _e between

1995 and 2008, due mainly to landfill
diversion and increases in recycling, but
also attributable in part to waste as an
energy source or secondary material

and subsequent savings in virgin materials
or fuels.

The National context in relation

to policy and approach to waste
management has been demonstrated
to have a potential significant effect
on GHG emission outcomes. A paper
published in Resources, Conservation
and Recycling (201 1) compared
carbon emissions associated with
MSW management in Germany and
the UK. The analysis indicated that
the carbon emissions associated with
MSWV management in the UK are
approximately five times higher than that
for Germany, equating approximately
to removing I.2 million cars from the
roads in England and Wales. Whilst
acknowledging the use of assumptions
and approximations, it concludes that
the tightened waste acceptance criteria
for landfills, increased use of WHE and
a recycling policy enabled by a proven
source separation system in Germany,
were major reasons for the difference.

Using a simple methodology based

on calculating primary energy savings
resulting from export of energy, a
2009 paper published in Engineering
Transactions concluded that thermal
treatment of MSWV with heat recovery
represents one of the most efficient
ways of treatment. The energy
generated in WHtE plants contributed
to primary energy savings and a
consequent reduction in GHG emissions.

Comparison with other industrial
non-waste processing options

A US University publication (2009)
evaluated emissions from thermal
conversion technologies processing
MSW and biomass and assessed
emissions data from operational waste
conversion plants in five countries,
comparing this data with regulatory
standards in California, the United States,
the European Union and Japan. Results
from the analysis indicated that pyrolysis
and gasification facilities currently
operating globally with waste feedstock
met each of their respective air quality
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emission limits. In the case of dioxins/
furans and mercury, every process
evaluated met the most stringent
emission standards worldwide. The
report stated that the environmental
implications of these technologies are
critically important to their feasibility
and that information at the time (2009)
suggested they can be operated in a
manner that presents no greater threat
to human health or the environment
than other common industrial processes.

Air Impact Assessments

A US State Environmental Protection
Agency regulates major air pollution
sources in accordance with Its
Prevention of Significant Deterioration
(PSD) programme. A PSD review is only
required in areas currently in attainment
with the National Ambient Air Quality
Standard (AAQS) for a given pollutant
or areas designated as “unclassifiable”
for the pollutant. In their technical
evaluation and preliminary determination
for a specific new development the
Department undertook a significant
impact analysis for each specified
pollutant to determine if the project
could cause an increase in ground level
concentration greater than the Significant
Impact Level (SIL) for each pollutant.

In order to conduct this analysis, the
applicant used the proposed project’s
emissions at worst load conditions

as inputs to the impact model; if the
modelling at worst-load conditions
showed ground-level increases less than
the SlLs, the applicant was exempted
from conducting any further modelling.
If the modelled concentration's from
the project had exceeded the SlILs, then
additional modelling including emissions
from all major facilities or projects in the
region (multi-source modelling) would
have been required to determine the
proposed project’s impacts compared to
the AAQS or PSD increments.

In this case the Department found the
applicant’s initial PM/PM, - CO, NO,,,
and SO, air quality impact analyses for
this project indicated that maximum
predicted impacts from all pollutants
were less than the applicable SILs for
the area.

Risk Assessment Process

Another key consideration in evaluating

potential health effths of thermal
treatment technologies based on
published literature and academic studies
is to assess any the limitations associated
with these works. The following is an
excerpt from a 2008 report published by
a UK Independent School of Medicine:

Typically decisions are based on an
Inexact method called risk assessment.
They tend to rely almost exclusively

on this type of assessment and often
have little understanding of its limitations.
Risk assessment is a method developed
for engineering but is very poor for
assessing the complexities of human
health. Typically it involves estimating
the risk to health of just 20 out of the
hundreds of different pollutants emitted
by incinerators.

In 2004 a UK Government Agency
report suggested the following:

There are a limited number of
epidemiological studies on populations
around incinerators and the results

of these are typically inconsistent

and inconclusive. Based on current
epidemiological evidence it is difficult
to establish causality, particularly once
confounding factors such as socio-
economic variables, exposure to other
emissions, population variables and
spatial/temporal issues are taken

into account.

One such study published in the Journal
of Public Health (2007) assessed the
health risks associated with waste
incineration and used a quantitative
method to allow comparison with other
health risks. This was based on a health
impact assessment element of a planning
application for an incinerator designed
to annually treat 52,500 tonnes of RDF
to generate electricity and focussed on
those health aspects of greatest public
concern i.e. particularly emissions of
carcinogens and fine particles. .

The authors acknowledged incineration
is associated with considerable public
concern which may have a significant
harmful effect on the mental, physical
and emotional health of local residents,
regardless of whether emissions have
any direct effect on health, therefore
anxiety was considered as a potential
effect. Employment, noise, road traffic
accidents, occupational risks and reduced
use of landfill were also considered

as potential effects. The report found
that stack emissions over 25 years in

a population of 25,389 within 5.5km
distance of the stack would result in an
additional 0.018 cancers, 0.46 deaths
brought forward due to SO, and 0.02
deaths due to fine particles, with the
overall risk of dying due to emissions in
any one year being | in 4 million.

The authors also suggest the only way
to develop a better understanding
about the significance of these risks

is through comparing them with other
exposures to risks with which we are
more familiar. The authors acknowledge
limitations within the study to include
the understanding of the health
impact of environmental pollution and
methods and assumptions used, as
these were utilised for the purpose

of illustration and not to provide
epidemiological projections.

In the US, there have been very few
epidemiological studies conducted that
focus specifically on potential health risks
associated with WH1E facilities. Much

of the relevant work that has been
done was completed in the late 1980s
to early 1990s, which represents the
period that saw the most significant
development of WHE facilities across the
country. A US-government sponsored
public-private study of health effects
associated with waste incineration in the
US and internationally published in 2000
included the following key findings:

‘Few epidemiologic studies have
attempted to assess whether adverse
health effects have actually occurred
near individual incinerators, and most of
them have been unable to detect any
effects. The studies of which

the committee is aware that did report
finding health effects had shortcomings
and failed to provide convincing
evidence. That result is not surprising
given the small populations typically
available for study and the fact that
such effects, if any, might occur only
infrequently or take many years to
appear. Also, factors such as emissions
from other pollution sources and
variations in human activity patterns
often decrease the likelihood

of determining a relationship between
small contributions of pollutants from
incinerators and observed health effects.
Lack of evidence of such relationships
might mean that adverse health effects

Summary Report — Waste to Energy

P.30 |



did not occur, but it could also mean
that such relationships might not be
detectable using available methods and
data sources.’

A review of waste management
practices and their impact on human
health published in VWaste Management
Journal (2009) suggests epidemiological
studies dealing with the impact of waste
management activities on human health
are usually observational rather than
experimental, due to ethical reasons.
For observational studies, the most
common types are listed as follows:

= Prospective cohort studies: Two
cohorts of people, exposed and
non-exposed, are assessed over a
long period of time during which the
degree of exposure of the population
and the rate of development of
disease is recorded, in addition
to other information collected
via questionnaires. These studies
normally involve the collection of
human fluid or tissue and to control
possible confounding factors and
ensure statistical significance, a large
population is enrolled;

= Retrospective case controlled
studies: A case group of people
with a developed disease and a
control group of healthy people
are interviewed and past exposure
investigated. Involves smaller
groups but this type is more prone
to bias; and

= Cross sectional studies: Conducted
on a specific exposed sub-group of
the population over a relatively short
period of time. This can be useful
to generate hypotheses that can be
tested later in more comprehensive
studies. It can be difficult to
distinguish whether a particular illness
developed before or after exposure
the group was exposed.

‘In most cases, environmental
epidemiologists need to investigate

the occurrence of clinical effects in a
population that may have been affected
by emissions slightly above natural
background levels...becomes particularly
difficult where [waste facilities] are

state of the art, built with best available
technology and are operated according
to guidelines and in full compliance
with legislation.’

38

The study concludes that existing
epidemiological evidence linking waste
management and human health is

quite controversial; most studies are
based on old types of waste facilities,
especially in the case of incinerators.
There is very little data on direct human
exposure and most studies resort to
surrogates such as residence information;
most recent studies include data on
potential exposure pathways. It also
concludes that the overwhelming
majority of epidemiological studies have
not managed to prove convincingly

and unequivocally that excess risk of
contracting specific illnesses is associated
with waste facilities.

‘The level of significance of risk to
develop cancers or other illnesses from
emissions from waste facilities should be
seen in the overall context of other risks
to the local population...

It is extremely important to have
direct human exposure biomarkers,
possibly collected before (not only
during and after) a waste facility
becomes operational.’

The UK Government Agency 2004
report estimated emissions from waste
management operations, as a quantity
of each substance emitted per tonne of
waste processed. Using this information,
it estimated the quantities emitted

by an individual facility and derived

a national total for these emissions,
enabling consideration of the relative
performance of different kinds of waste
processing and disposal operations, and
the potential environmental and health
effects of MSW management compared
to other activities. It highlighted areas
where MSW management operations
may give rise to health effects and areas
where no health effects have been
found, quantifying the significance of
some of these effects. It also highlighted
where further research could usefully be
carried out to improve understanding
of the relationship between waste
processing and adverse environmental
and health effects. In its conclusions, it
summarises the findings on health impact
as follows:

‘We looked at evidence for ill-health in

people who might possibly be affected
by emissions from MSWV processes.

For most of the MSWV facilities studied,
we found that health effects in people
living near waste management facilities
were either generally not apparent,

or the evidence was not consistent or
convincing. However, a few aspects of
waste management have been linked to
health effects in local people. WWe would
need more research to know whether
or not these are real effects. We also
investigated the health effects

of emissions of some important airborne
pollutants from waste management
facilities. Although the data was

of moderate or poor quality, we found
that these emissions are not likely to
give rise to significant increases in
adverse health effects.’

A paper published in the Management
of Environmental Quality (2003)
reviewed literature and evaluated
evidence on the human impact of waste
management practices, to include landfill,
incineration, composting, land spreading,
sewage sludge and sewer discharges.

A protocol was applied to evaluate

the strength and reliability of evidence
using an algorithm with defined criteria.
Key questions applied in this evaluation
process were as follows:

= Have studies been done on
human populations?

= Have hazards been identified?
Does the appearance of the hazard
precede the health outcome? Is the
association biologically plausible?

= Are there any hypothesis-testing
studies?

= Have any of the hypothesis-testing
studies controlled for possible
confounding factors?

= Are there more than 20 hypothesis-
testing studies consistently showing
strong or moderate relative risks?

The review found that the evidence
linking any adverse health outcomes
with incineration, landfill or land
spreading sewage sludge was insufficient
to claim causal association. The evidence
is insufficient to link residence near a
centralised composting facility with
adverse health outcomes but it is
possible that working at such a facility
causes adverse health outcomes.
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4.3 Dioxins and Furans

Dioxins and furans are common
names used to describe two groups
of complex organic compounds with
similar properties:

= Polychlorinated Dibenzo-para-
Dioxins (PCDDs); and

= Polychlorinated Dibenzofurans
(PCDFs).

The terms dioxins and furans are
often used in the generic sense to
describe these compounds.

The group of dioxins is made

up of a total of 75 PCDDs and

I35 PCDFs. Dioxins occur as

mixtures in related compounds
(congeners) in varying composition.

The most toxic form of dioxin is
2,3,7,8-Tetrachlorodibenzodioxin (2,3,7,8
TCDD), which is sometimes referred

to as Seveso poison after the chemical
accident which polluted the environment
in Seveso, ltaly, in July 1976.

The other 2,3,7,8 chlorinated dioxins
and furans which have additional
chlorine atoms are also pertinent in

a toxicological assessment of dioxins.
These |7 compounds (7 dioxins, 10
furans) are used to assess toxicity, which
is expressed as a toxic equivalent (TEQ)
in relation to 2,3,7,8 TCDD.

Emissions of dioxins and furans from
incineration plants have been greatly
reduced due to better cleaning of the
flue gases and improved incineration
performance i.e. correct combustion
conditions being maintained. A

2009 paper published in the Waste
Management Journal reviewed the
status and benefits of W1E as applied in
the US and presented data on dioxin
emissions from WtE between 1987
and 2002 i.e. pre and post Maximum
Achievable Control Technology
Regulations (MACT), demonstrating a
99.9% reduction in air emissions over
this period.

A 2007 paper published in the
Chemosphere Journal evaluated
incremental lifetime health risks due
to PCDD/F emitted from MSWI, for
the resident population in the area

of specified plants. 38e chosen risk
assessment methodology was a
multi-pathway combined probabilistic/
deterministic approach for analysing
the effects of uncertainty and intrinsic
variability of the main PCDD/F emission
related parameters on final predicted
values. Exposure considered direct
inhalation of contaminated air, soil
ingestion, soil dermal contact and diet.
This was applied to a case study based
on two different technological scenarios
i.e. modern facilities equipped with BAT
flue gas treatment (selective non-catalytic
reduction, electrostatic precipitators,
dry system absorption with injected
activated carbon and fabric filters),

and older plants in northern Italy using
flue gas treatment not specifically
designed to remove trace organic
pollutants (electrostatic precipitators
and wet scrubbers).

The preliminary evaluation found the
distribution functions for PCDD/F stack
concentrations for plants equipped with
BAT flue gas treatment were far lower
than the current WID emission limit
value, with associated risk values largely
insignificant with respect to regulatory
reference levels (10-6). The authors
also note that plants not equipped with
BAT flue gas treatment also showed
reductions in expected risks, even with
no specific PCDD/F control measures.

A 2011 US EPA publication
investigated concentrations of
Polybrominated Dibenzo-para-dioxins
and Polybrominated Dibenzofurans
(PBDD/F) and PCDD/F in the raw
and clean flue gas during steady state
and transient operation of a MSW
combustor, pre- and post-Air Pollution
Control (APC) system flue gas.

Operational transients were found to
considerably increase levels of PBDD/F
and PCDD/F compared to

steady state operation, for both raw
and clean flue gas. The profile of
PBDD/F and PCDD/F in the raw flue
gas (both steady and transient state)
was dominated by hexa- and octa-
isomers, while the clean gas profile was
enriched with tetra- and penta-isomers.
The APC system efficiency of removal
was estimated at 98.5% for PBDD/F
and 98.7% for PCDD/F. Finally, the

cumulative TEQ (PCDD/F+PBDD/F)
from the stack was dominated

by PCDD/F, the TEQ of PBDD/F
contributed less than 0.1% to total
cumulative toxic equivalency

of the stack emissions.

In 2008 a UK Agency publication based
on the investigation of waste incinerator
dioxins during start-up and shutdown
operating phases reported elevated
emissions during shutdown and start-up
relating to the waste was not being
fully established on the combustion
grate. Increases in emission
concentration and rate were reported
as less than one order of magnitude
when compared to normal operations.
The report also found that the mass of
dioxins emitted during these stages as
part of a four day planned outage was
similar to the emissions which would
have occurred during normal operation
in the same period.

In 2004 a UK Government Department
published a review of environmental
and health effects of MSW and similar
wastes management. The report
examined the waste management
options for treating MSW and similar
waste and focussed on the principal
types of facilities used for dealing with
such waste in the UK and in Europe
and on available scientific evidence
for environmental and health effects.
On this issue of abnormal operating
conditions and associated emission
fluctuations, it states the following:

‘Any emission above prescribed limits

is of concern, and it is important that
these incidents are investigated and their
recurrence prevented. However, the
low frequency of these incidents and the
lack of any consistent evidence for health
effects in people living near VWaste-to-
Energy facilities (see Chapter 3) suggest
that emissions above consented limits
are not a significant issue for waste
incinerators. Also, an exceedance

over a short period is not likely to

have a significant effect on emissions
averaged over a long period such as

a year. Exceedances may be more

likely to occur from facilities which are
undergoing commissioning, and particular
attention should be paid to regulation of
facilities in these circumstances.’
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Dioxins are highly toxic and can

cause reproductive and developmental
problems, damage the immune
system, interfere with hormones

and also cause cancer.

Dioxins are persistent environmental
pollutants and they are known to
accumulate in the food chain, mainly in
the fatty tissue of animals. It is estimated
that greater than 90% of human
exposure is through food, mainly meat
and dairy products, fish and shellfish.

A 2009 UK Government Agency
publication stated that inhalation of
dioxins was a minor exposure route and
estimated that less than 1% of UK dioxin
emissions arise from MSWI, suggesting
the contribution of incinerator emissions
to direct respiratory exposure of dioxins
is a negligible component of the average
human intake. It concludes:

‘However, dioxins may make a larger
contribution to human exposure via

the food chain, particularly fatty foods.
Dioxins from emissions could also

be deposited on soil and crops and
accumulate in the food chain via animals
that graze on the pastures, though
dioxins are not generally taken up by
plants. Thus the impact of emissions on
locally produced foods such as milk and
eggs Is considered in deciding whether
to grant a permit. These calculations
show that, even for people consuming a
significant proportion of locally produced
foodstuffs, the contribution of incinerator
emissions to their intake of dioxins is
small and well below the tolerable daily
intake (TDI) for dioxins recommended
by the relevant expert advisory
committee, Committee on Toxicity of
Chemicals in Food, Consumer Products
and the Environment.’

A health risk assessment of dioxin
emissions from MSW incinerators in
the Neerlandquarter of Belgium was
published in Chemosphere in 2001.
The authors performed a health risk
assessment for local habitants of a
residential area of Antwerp in the vicinity
of two MSWI. The risk assessment
combined chemical, toxicological
assessments and model calculations,
using historic emissions data for both
plants with an emphasis on dioxins. The
operational atmospheric transport and

deposition model fé@priority substances
was used to calculate the deposition of
dioxins in the vicinity of the incinerators.

The observed soil contamination pattern
did not correspond to the calculated
deposition pattern i.e. lower soil
concentrations obtained via deposition
modelling than those experimentally
observed and soil concentration
measurements not corresponding with
meteorological statistics, indicating
that other sources may contribute

at least partly to the local PCDD/F
contamination of the area. Dioxin
exposure of residents as a function

of food consumption behaviour was
calculated using a mathematical model
combined with other transfer factors
and simply residing in the impact area
did not result in a meaningful risk. Only
if locally produced food was consumed
(milk, meat, vegetables), exposure in
the area was enhanced compared to
the average dioxin exposure estimated
for the Flemish population, resulting in
the authors suggesting excessive locally
produced food consumption should
be avoided.

A long-term Portuguese University study
used human bio-monitoring to evaluate
selected pollutant levels in the general
population living in the vicinity of two
solid waste incinerators near Lisbon and
Madeira Island. These environmental
health surveillance programmes were
launched in response to public and
scientific concerns regarding these
facilities. The former had been operating
since 1999 in Metropolitan North Lisbon
and the latter was an old incinerator
retrofitted with modern technology

in 2002. The selected pollutants and
study matrices comprised PCDD/F in
human milk, PCDD/F, lead, mercury

and cadmium in human blood (including
children under six years old) and lead in
maternal and umbilical cord blood.

One study focussed on dioxin/furan
body burden determined by PCDD/F
levels in blood. The study was carried
out on |38 adults from the general
population living in the vicinity of the
incinerators. The same questionnaire
was administered to both populations
and in the different examinations to
gather data on individual characteristics

i.e. for specific features such as smoking,
drinking and dietary habits, professional
activity, past history of diseases and
treatment etc.

‘“The overall conclusion points to a
non-significant regional difference on
dioxin levels when exposed and control
populations relative to each incinerator
are considered. This may indicate that
dioxin exposure of global populations, as
estimated by blood PCDD/F levels in the
general population, cannot be related to
the emissions from the studied facilities,
meaning that dioxin sources control
seems to be effective in relation to

both incinerators.’

Dioxin/furan body burden by PCDD/F
levels in human milk was also studied.
This paper investigated differences
between exposed and non-exposed
subjects under study and possible
covariates of the dioxin levels in
human milk. The authors acknowledged
that the study of mothers’ milk in
probability based surveys to extract
results for the general population

is questionable, as only a specific
demographic segment i.e. breast
feeding women at reproductive age.

‘The results indicate that dioxin milk
levels of the group living in the area of
potential influence of each incinerator
are not significantly increased by their
PCDD/F stack emissions. This is both
an important finding and accurate
statement, supporting the dioxin sources
control effectiveness.’

A 2008 case study published in
Waste Management Journal used a
risk assessment approach to assess air
pollution from a MSWI plant in Italy.
The authors noted that the major
steps contributing to a risk assessment
paradigm include determination of
stack emission for selected persistent
pollutants, evaluation of pollution
transport in environmental media,
exposure and dose assessment and
health risk assessment.

Ground level air concentrations and soil
deposition of PCDD/F, cadmium, lead

and mercury pollutants were estimated
using an atmospheric dispersion model.
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Health risk values for air inhalation,
dermal contact, soil and food ingestion
were calculated based on a combination
of these concentrations and a matrix

of environmental exposure factors.
Exposure of the surrounding population
was addressed for different release
scenarios based on four pollutants, four
exposure pathways and two receptor
groups (children and adults). Spatial risk
distribution and cancer excess cases
projected from plant emissions were
compared with background mortality
records. It concludes MSWI emissions
based on this study show individual risk
well below maximum accepted levels
and very small incremental cancer risk
compared with background levels. It
also concludes:

= Pollutants concentration at
ground level decreases very quickly
with distance:

= Risk values due 43 carcinogenic and
non-carcinogenic pollutants for both
receptors (children and adults) are
well below maximum acceptable
levels issued by USEPA (1990) in
the clean air act;

» Food ingestion represents the most
significant exposure pathway for both
receptors; and

= Standardised rate for additional
cancer mortality due to the
considered carcinogenic pollutants
over a lifetime is lower than
background level for cancer diseases.

Whilst the previous studies focussed
on residents living in the vicinity of the
incinerators, another paper published

in Industrial Health (2003) focussed on
occupational exposure and evaluated
exposure of MSWI workers to dioxins
in Japan, describing the dioxin exposure
concentration, daily dioxin intake and
blood dioxin levels.

The difficulty in directly measure dioxin
exposure concentrations during work
activities was noted, because the flow
rate of personal sampler was too

low to collect enough airborne dust

to quantitatively determine dioxins.
Thus, total dust concentrations in

the breathing zone of incinerator
workers were measured and the
dioxin exposure concentrations were
estimated by multiplying the total dust
exposure concentrations by the dioxin
concentrations in deposited dust, fly
ash and slag. Daily dioxin intake was
estimated based on a set of stated
assumptions and using the specified
methodology, it was found that daily
dioxin intake can exceed the Tolerable
Daily Intake (TDI) in incineration plants
with fly ash of high dioxin concentration.
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44 Particulate Matter
Particulate matter arises from a

variety of sources including traffic
emissions, agricultural, domestic and
industrial processes including MSWI.

It is commonly categorised by size i.e.
average diameter of particles as follows:

= PM,, -airborne particulate matter
passing a sampling inlet with a 50
per cent efficiency cut-off at 10 pm
aerodynamic diameter and which
transmits particles below this size.

= PM,, - airborne particulate
matter passing a sampling inlet
with a 50 per cent efficiency cut-off
at 2.5 ym aerodynamic diameter and
which transmits particles below this
size; and

= PM,, - particles smaller than 100
nm in diameter (often referred to
as ultrafine particles).

A UK Trade Association published

a report in 2012 reviewing research
into the health effects of Waste-to-
Energy facilities. In a section on process
emissions, the authors provide a
quantitative context for assessing

the impact of PM by referring to

a UK Government Agency 2009
dataset providing the following source
contribution for UK emissions of fine
particles (PM,,):

= MSW Incineration 0.042%;

=« Road traffic 29%;

= Residential combustion 14%, and
Electricity generation 5.5%

The authors discuss the relevance of
nano or ultrafine particles (PM, ) in
relation to concerns with regard to
their effects on health and suggest it is
plausible that risks to health associated
with particulate matter are more closely
linked with numbers of particles rather
than mass of particles.

In 2009 the Waste Management Journal
published a paper on size distribution
and number concentration of particles at
the stack of a MW incinerator, observing
that fine and ultrafine particle stack
emissions were not fully characterised

at that time. They found the mass
concentrations obtained were well
below the imposed daily threshold value
for both incineration lines tested (0.2mg/
Nm? dry) and the mass size distribution
was on average very stable. The total

number of concentfigtions was between
| x 105 and 2 x 105 particles/cm® and
on average relatively stable from one
test to another. The authors observed
that particle size PM, . is made up of
99% sub-micron particles and 65% (on
average) of ultrafine particles and that
these are insignificant in terms of mass
since they represent less than 5% of
the total mass of PM. ..

The measured values and the
comparison with other point sources
showed a very low total number
concentration of particles at the stack
gas, revealing the importance of the flue
gas treatment also for ultrafine particles.
Also in respect to linear sources (high
and light duty vehicles), the comparison
showed a negligible emission in terms
of the total number of particles. The
comparison tended to roughly estimate
only equivalence for the total number
of particles without consideration of
the different chemistry of emissions

and distance from source, important in
assessing human health impacts. Finally,
particle number concentration as with
concentration of gaseous pollutants and
other surrogates for very small particles
decrease significantly with distance from
the source.

In a subsequent 2010 study, the same
authors investigated the dimensional and
chemical characterisation of particles

at a downwind receptor site of a WtE
plant, specifically evaluating seasonal
concentrations and size distributions of
particles in the proximity of a modem
RDF MSWI in terms of number, surface
area, mass and chemical composition.
They found annual mean values of 8.6
x 103 +/-3.7 x 102 particles/cm? and
31.14/-9.0 pg/m? for number and mass
concentration, typical of a rural site.
Most of the elements can be attributed
to long-range transport from other
natural and/or anthropogenic sources.

A further study by the same authors
(2011) investigated chemical,
dimensional and morphological
ultrafine particle characterisation

from a WHE plant where particle size
distributions and total concentrations
were measured both at the stack and
before the fabric filter inlet in order to
evaluate the removal efficiency of the
filter for ultrafine particles. The authors
performed a chemical characterisation
of ultrafine particles for heavy metal

concentration and a mineralogical
investigation in order to evaluate shape,
crystalline state and mineral compound
of sampled particles.

The authors found maximum values
of 2.7 x 107 particles/cm? and 2.0

x 103 particles/cm? for number
concentration before and after the
fabric filter respectively, showing a very
high efficiency in particulate removal
by the fabric filter (99.99%). The most
frequent particle size before the filter
was approximately 150 nm and after

the filter, 90 nm. With regard to heavy

metal concentrations, the elements

with higher boiling temperature present
higher concentrations at lower diameters
showing incomplete evaporation in the
combustion section and the consequent
condensation of semi-volatile
compounds on solid nuclei. In terms

of mineralogical and morphological
analysis, the most abundant compounds
found in samples collected before the
fabric filter were sodium, potassium and
lead oxides followed by phyllosilicates
(sheet silicates). Different oxides of
comparable abundance were detected
in the samples collected at the stack.
These measurements were performed
during stable combustion conditions.

An International Congress on
Combustion By-products and their
Health Effects was held in Italy 2007.

A summary document based on the
proceedings concluded that particle
associated organics, metals and
Persistent Free Radicals (PFRs) produced
by combustion sources are the likely
source of observed health impacts of
airborne PM rather simple physical
irritation caused by the particles. Some
of the key conclusions are as follows:

= Exposure to airborne fine particles
is associated increased risk of
cardiopulmonary disease and cancer;

= In urban settings, 70% of airborne
fine particles result from combustion
emissions and 50% due to primary
emissions from combustion sources;

= In addition to soot, combustion
produces one, maybe two classes of
nanoparticles with mean diameters of
approximately 10 nm and | nm;

= Most common metrics used to
describe particle toxicity (surface
area, sulphate concentration, total
and organic carbon) cannot fully
explain the observed health impacts;

Summary Report — Waste to Energy
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The Impact on Health of Emissions to Air from
Municipal Waste Incinerators
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Summary

The Health Protection Agency has reviewed research undertaken to examine the
suggested links between emissions from municipal waste incinerators and effects on
health. While it is not possible to rule out adverse health effects from modern, well
regulated municipal waste incinerators with complete certainty, any potential damage
to the health of those living close-by is likely to be very small, if detectable. This view
is based on detailed assessments of the effects of air pollutants on health and on the
fact that modern and well managed municipal waste incinerators make only a very
small contribution to local concentrations of air pollutants. The Committee on
Carcinogenicity of Chemicals in Food, Consumer Products and the Environment has
reviewed recent data and has concluded that there is no need to change its previous
advice, namely that any potential risk of cancer due to residency near to municipal
waste incinerators is exceedingly low and probably not measurable by the most
modern techniques. Since any possible health effects are likely to be very small, if
detectable, studies of public health around modern, well managed municipal waste
incinerators are not recommended.

The Agency's role is to provide expert advice on public health matters to
Government, stakeholders and the public. The regulation of municipal waste
incinerators is the responsibility of the Environment Agency.

Introduction

1. The use of incineration for waste disposal in the UK is increasing.
Applications for permits to build and operate incinerators give rise to local
concerns about possible effects on health of emissions. Responsibility for the
environmental permitting of municipal waste incinerators lies with the
Environment Agency. The Health Protection Agency (HPA) has a statutory
responsibility to advise Government and Local Authorities on possible health
impacts of air pollutants.

2. The operators of modern waste incinerators are required to monitor
emissions to ensure that they comply, as a minimum, with the limits in the EU
Waste Incineration Directive (2000/76/EC), which sets strict emission limits for
pollutants. This Directive has been implemented in England and Wales by the
Environmental Permitting (EP) (England and Wales) Regulations 2007 (note
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that from April 2008 these replaced the Pollution Prevention and Control
(PPC) (England and Wales) Regulations 2000).

3. Under the EP Regulations, the operator is required to apply for an
environmental permit. Consideration of this application will include such
issues as health effects and organisations such as the local Primary Care
Trust (PCT); the HPA and Food Standards Agency (FSA) are usually
consulted. The permit itself will set out strict operating requirements which
must be complied with, this will include monitoring. Should a breach of the
permit occur, action may be taken by the regulator.

4. Applications to build and operate incinerators invariably include an
assessment of likely emissions to air. Modern incinerators emit only small
amounts of chemicals to air (see para 16) in comparison with older
incinerators and, although no absolute assurance of a zero effect on public
health can be provided, the additional burden on the health of the local
population is likely to be very small. Studies published in the scientific
literature showing health effects in populations living around incinerators have,
in general, been conducted around older incinerators with less stringent
emission standards and cannot be directly extrapolated with any reliability to
modern incinerators (see paras 6 and 26)

5. The incineration process can result in three potential sources of
exposure, (1) emissions to the atmosphere, (2) via solid ash residues, and (3)
via cooling water. Provided that solid ash residues and cooling water are
handled and disposed of appropriately, atmospheric emissions remain the
only significant route of exposure to people. This paper is thus concerned
only with the health effects of emissions to air.

6. The comparative impacts on health of different methods of waste
disposal have been considered in detail in a report prepared for the
Department of Environment, Food and Rural Affairs (Defra 2004). This work
was undertaken by a group of consultants led by the independent consultants
Enviros and included experts in the air pollution field. The report was
reviewed by The Royal Society and its comments were incorporated by the
authors of the report. This report is the most extensive available in the field
and concludes that well managed, modern incinerators are likely to have only
a very small effect on health. Since the evidence base has not changed
significantly since 2004 it would be an inefficient use of resources to repeat
the work undertaken by Enviros (see above) for Defra when applications to
build and operate individual incinerators are being considered. The HPA'’s
view is that the study undertaken for Defra by Enviros can be relied on
although, like all scientific findings, it may be subject to revision if new data
were to emerge.

7. Concerns about possible effects on health of emissions to air tend to
focus on a few well known pollutants: particles, polychlorinated dibenzo-p-
dioxins and polychlorinated dibenzo-p-furans (commonly referred to as
“dioxins”) and other carcinogens such as the polycyclic aromatic
hydrocarbons (PAH). Much is known about the effects on health of these
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compounds. Detailed reports prepared by expert advisory committees are
available: these include reports by the Department of Health’s Committee on
the Medical Effects of Air Pollutants (COMEAP) on particulate matter
(COMEAP, 1995, 1998, 2001a, 2009); by Defra’s Expert Panel on Air Quality
Standards (EPAQS) on benzene, 1,3-butadiene (reports 1 and 2), particles
(reports 1 and 2), PAH compounds, and metals and metalloids’
(Department of the Environment, 1994a,b, 1995; Department of the
Environment Transport and the Regions, 1999, 2001; Department for the
Environment, Food and Rural Affairs, 2002, 2009) and the Committee on the
Toxicity of Chemicals in Food, Consumer Products and the Environment’s
statement on dioxins and dioxin-like polychlorinated biphenyls (Committee on
Toxicity, 2001).

Particles

8. Questions are often asked about the possible effects on health of
particles emitted by incinerators. The Committee on the Medical Effects of Air
Pollutants (COMEAP) has published a series of statements and reports on the
effects of air pollutants on health in the UK. It is accepted that exposure to
current levels of common air pollutants damages health. The Air Quality
Strategy for England, Scotland, Wales and Northern Ireland seeks to reduce
concentrations of air pollutants. Where concentrations of air pollutants are
raised, Air Quality Management Areas are defined and plans to reduce
concentrations are developed by Local Authorities. Details of the Air Quality
Strategy can be found on the Defra website:
http://www.defra.gov.uk/environment/airquality/strategy/index.htm

9. Both long-term exposure and short-term increases in exposure to
particles can damage health. This is widely accepted (World Health
Organization, 2006). Long term exposure affects the risk of mortality,
especially from cardiovascular disease and from lung cancer (COMEAP,
2009, COMEAP, 2006; Health Effects Institute, 2000). Short-term increases
in concentrations cause cardio-respiratory effects including an increase in
deaths from heart attacks and from respiratory disease, increased hospital
admissions for treatment of these disorders and increases in related
symptoms. No thresholds of effect can be identified for either the effects of
long-term exposure or for the effects of short-term increases in
concentrations. Thus, any increase in particle concentrations should be
assumed to be associated with some effect on health. The critical step in
assessment of effects on health is not simply making the correct assertion that
some effect is possible but in estimating the size of that effect. This is
discussed below.

10.  Evidence of the effects of particles on health comes, in the main, from
epidemiological studies. For the effects of long-term exposure attention has
been focused on PMy 5; for the effects of short-term increases in
concentrations both PM, s and PM1g have been extensively used as metrics of
the ambient aerosol. PM is defined as the mass of particles of less than

' Arsenic, chromium, nickel and beryllium
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(about) 10 microns in diameter per cubic metre of air. PM,5 is an analogous
measure: in this case, the mass of particles of less than about 2.5 microns in
diameter per cubic metre of air. The exact definitions are given in the recent
Defra report on ambient particles (Defra, 2005). The exact mechanisms of
effect of particles on health are incompletely understood but several plausible
hypotheses are being pursued; the generation of free radicals in the
respiratory system and more widely in the body, the induction of an
inflammatory response in the lung, effects on clotting factors in the blood,
effects on the rate of development of atherosclerotic plaques in coronary
arteries and effects on the regulation of the heart beat are all being studied
intensively. It is possible that metals found in association with particles play
an important role. It is also possible that the ultrafine component of the
ambient aerosol plays an important role. These, and other, possibilities are
not yet proven.

11.  The lack of a complete understanding of the mechanisms of effects of
particles does not prevent prediction of the effects on health of increased
concentrations of particles monitored as PMyo and/or PM, 5. Meta-analytical
techniques have been applied to the results of primary studies and summary
coefficients linking PMo and PM 5 with effects on health have been derived
(COMEAP, 1998, 2009; World Health Organization, 2006). If these
coefficients are applied to the small increases in concentrations of particles
produced, locally, by incinerators, the estimated effects on health are likely to
be small. This is because the coefficients themselves are small, the increase
in concentration due to operation of the incinerator is likely to be small, and so
is the size of the potentially exposed local population.

12.  Itis sometimes claimed that the “wrong particles” are considered when
estimating the possible effects on health of emissions from incinerators. It
should be understood that impact calculations of the effects on health of
emissions from incinerators are done by using the coefficients derived from
epidemiological studies. Because we do not know with certainty the active
components of the ambient aerosol, coefficients linking effects on health with
changes in mass concentrations (PM4o and/or PM; 5) are used in the impact
calculations. At present we have no clear epidemiological evidence to
distinguish between the toxicity of samples of particles collected for PM or
PM, s measurements in different areas. National policy (Defra, 2007a,b) and
the EC Directive on Ambient Air Quality and Cleaner Air for Europe (European
Parliament and Council of the European Union, 2008) are based on the
assumption that particles collected for PMo and PM, 5 measurements do not
differ in their effects on health from place to place. In this context it is worth
noting that PMo and PM, 5 samples from around the world can vary
substantially in their chemical composition and size distribution but
nonetheless exhibit similar concentration-response coefficients in time-series
epidemiological studies. It is accepted that this view could change and that
monitoring of chemical characteristics of the ambient aerosol (for example, its
metallic components), the number of particles per unit of volume of air, the
total surface area of particles per unit volume of air, or the capacity of particles
to generate free radicals could prove more valuable than measurements of
mass concentrations (PM1g and PM,5). But none of this is yet well
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established and international and national regulations are currently framed in
terms of mass concentrations. It seems reasonable that these regulations
and the approaches upon which they are based should be applied to
considerations of the effects on health of particles emitted by incinerators. It
may be asked why studies of the specific impacts on health of the small
increases in local concentrations of particles produced by incinerators are not
done routinely. The main reason for this is that the concentration increment
produced by incinerators is likely to be too small to allow an impact on health
to be identified in the local population.

13. Itis sometimes claimed that PMo measurements ignore particles most
likely to be deposited in the lung, or, more specifically, in the gas exchange
zone of the lungs. This is incorrect and stems from a misunderstanding of the
term PM4o. Tapered element oscillating microbalance (TEOM) monitors are
equipped with a sampling head that selects essentially all particles of less
than 10 ym aerodynamic diameter. PM1o measurement is designed to collect
effectively all those particles small enough to pass the upper airways (nose,
mouth, pharynx, larynx) and thus of a size that allows a chance of deposition
in the lung. PM3 is intended to represent that fraction of the aerosol with a
high probability of deposition in the gas exchange zone of the lung in
vulnerable individuals. It will be obvious that PM1g includes PM, 5 and that
PM. 5 cannot exceed PMy in any given sample of air.

14. It is sometimes, further, claimed that PM4o or PM. 5 do not include
nanoparticles present in the air. This is also incorrect. Nanoparticles are
efficiently collected by PM4y and PM, s samplers but make only a small
contribution to the results expressed as PM1 or PMy 5. If particles of less than
100 nm diameter alone were collected from a known volume of air and
weighed, the resulting concentration could be expressed as PMp 1 (100 nm =
0.1 microns). In a sample of air collected in a UK urban area on a typical day
we might expect results similar to those given below:

PMyo 20 pg/m?®
PM, 5 13 ug/m?®
PMo 1 1-2 pug/m®

PM,o includes and exceeds PMs 5 which in turn includes and exceeds PMg 1.

15.  ltis quite correct to say that nanoparticles make a large contribution to
the number of particles per unit volume of air. Particles of less than about
500 nm in diameter dominate the number concentration of ambient particles.
It might be correctly suggested that if a specified source, for example an
incinerator, produced mainly nanoparticles, changes in local mass
concentrations (PM1o and to a lesser extent PM,5) would not reflect the
increase in numbers of particles in the air. We do not, however, know how to
interpret measurement of number concentrations of particles in health terms.
Work in this area is developing. It may be that, although the evidence is as
yet weak in comparison with that relating to mass concentrations, particle
numbers will link with some effects on health better than mass concentrations.
No generally accepted coefficients that allow the use of number
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concentrations in impact calculations have yet been defined. As stated
above, regulations are currently framed in terms of mass concentrations and it
is unreasonable to expect local health professionals to interpret number
concentrations in quantitative health terms when national experts have not yet
judged that the evidence is sufficient to do so. COMEAP will be looking at
whether quantification of the effects of particle number concentrations is
possible as part of its work on the quantification of the health effects of air
pollution. No Air Quality Standards are defined in terms of number
concentrations of particles.

16.  The contribution made by waste incineration to national emissions of
particles is low. Data provided by Defra (National Emissions Inventory
www.naei.org.uk) show that 2006 national emissions of PM+, from waste
incineration are 0.03% of the total compared with 27% and 25% for traffic and
industry respectively?. This low proportion is also found at a local level — the
Environment Agency have informed HPA of one incinerator modelling study
that found a modelled ground level increment in PM1 of 0.0005 pg/m?® as an
annual average (Environment Agency, 2009). The increment in PM; 5 could
not exceed this, and would be likely to be lower. In addition, Defra is
expanding its general PM, s monitoring and will scrutinise this to see if any
individual sources make a noticeable addition to measured concentrations.

17.  Questions are often asked about the effects of air pollutants, including
those emitted by waste incineration, on children’s health. The World Health
Organization (WHO) in its 2005 report on Air Pollution and Children’s Health
and Development, concluded that there was an association between air
pollution and infant mortality that appeared to be mainly due to particulate air
pollution. COMEAP, in a 2008 statement on Air Pollution and Children’s
Health, endorsed WHOQO's general conclusions although the COMEAP
statement does not comment on which pollutant is likely to be responsible.
Annexes to the statement indicate that, of the studies published since the
WHO report, some find effects of particulate air pollution and some do not.
Metrics of particulate air pollution used in these studies included PM4o and
total suspended particulates, as well as PM, 5. The size of the effects
reported in these studies relates to large changes in PMy s, larger than would
be expected to be caused by the operation of an incinerator. Given the small
effects of incinerators on local concentrations of particles, it is highly unlikely
that there will be a detectable effect of any particular incinerator on local infant
mortality.

18.  When carrying out studies which investigate health effects around point
sources of pollution such as incinerators, or when mapping health effects
around such sources, it is important to control for other factors which can
influence the health outcomes under investigation before drawing any
conclusions. So when investigating the effect of a source of PM; 5 emissions
on infant mortality rates, it would be important to control for other sources of
PM s emissions, and for factors which are known to influence infant mortality

2 National Atmospheric Emissions Inventory PMyq
http://www.naei.org.uk/emissions/emissions 2006/summary tables.php?action=unece&page
name=PM1006.html’
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rates, for example, socio-economic factors or ethnicity. Maps showing death
rates or levels of morbidity are useful in raising hypotheses, but they do not
supply evidence of cause and effect.

Carcinogens

19.  Chemicals which cause cancer are described as carcinogens. For risk
assessment purposes, carcinogens are divided into two groups depending on
their mechanism of action:

(@)  Genotoxic carcinogens: these induce cancer by a mechanism
that involves the compound itself, or a metabolite, reacting
directly with the genetic material of cells (DNA), producing a
mutation. This process is called mutagenicity. It is theoretically
possible that one “hit” on DNA may produce a mutation that can
eventually develop into a tumour. The assumption is thus made
for genotoxic carcinogens that they do not have a threshold and
that any exposure is associated with an increase in risk, albeit
this may be very small. Most of the known human chemical
carcinogens are in this group, e.g. aflatoxins, benzene, 1,3-
butadiene, 2-naphthylamine, polycyclic aromatic hydrocarbon
(PAH) compounds.

(b) Non-genotoxic carcinogens: these induce cancer by
mechanisms that are not based on mutagenicity. These
chemicals give negative results in the well recognised tests for
mutagenicity. Unlike the genotoxic carcinogens, which are
characterised by a common mechanism, there are a number of
different mechanisms involved. Examples include sustained cell
proliferation in a sensitive tissue (resulting in expression of a
spontaneous mutation) due to cytotoxic effects, hormonal
stimulation or immunosuppression. These effects have a
threshold based on the precursor toxicological effect such as
cytotoxicity, i.e. there is a level of exposure below which they do
not have an effect. Examples of such compounds are
oestrogens and 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD or
“dioxin”).

20. Inthe air pollution field, genotoxic carcinogens are the major focus of
interest. In the following discussion, the term “carcinogens” is used to
represent genotoxic carcinogens.

21.  The carcinogenic effects of PAH compounds can be identified by
means of studies in experimental animals only at very much higher
concentrations than occur in ambient air. These high exposures are
necessary because practical limitations regarding the number of animals used
in these tests mean that they cannot reliably detect increases in tumour
incidence below a few percent. However, for public health purposes, the
principal concern is about effects that occur at a much lower incidence in the
human population, but are undetectable in animal studies. The calculation of
cancer risk at low environmental exposures from mathematical modelling of
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the results from the high dose animal data presents great difficulty. The
expert advisory committee, the Committee on the Carcinogenicity of
Chemicals in Food, Consumer Products and the Environment (COC) has
consistently expressed concern at the use of such modelling to extrapolate to
levels of exposure that are orders of magnitude lower than the observed
range. This was most recently stated in the 2004 guidelines. (The reasons
are based on the fact that the various models available do not take into
account the biological complexity of the carcinogenesis process, the
extrapolations are based on a few data points over a very narrow and high
dose range, and very wide variations in risk estimates are produced
depending on the models used. Their use gives an impression of precision
that cannot be justified). The COC does not recommend their use for routine
risk assessment.

22. In some cases, carcinogenic effects have been demonstrated in
epidemiological studies in humans. Such studies have almost always
involved occupational exposure where workplace levels in the past may have
been much higher than those in ambient air. It is difficult to demonstrate the
effects of exposure to ambient concentrations of carcinogens (the
concentrations are so low that vast numbers of people would need to be
studied to produce clear results) but such effects are assumed to be possible,
on the grounds that there is no threshold for the effects of many of these
compounds. If good quality epidemiological studies are available it is possible
to derive models of the relationship between exposure and effect that allow
prediction, with some confidence, of likely cancer incidence at ambient
concentrations. It should be noted, however, that the actual accuracy of such
predictions cannot be assessed and such extrapolations still involve some
considerable uncertainty and should be used with caution.

23. The Expert Panel on Air Quality Standards (EPAQS) has
recommended air quality standards for benzene, 1,3-butadiene and PAH
compounds using a different approach from that used by the World Health
Organization (WHO), which is based on quantitative risk assessment. This is
because of the concerns of the COC regarding the use of mathematical
models to estimate cancer risk. Indeed, the COC endorsed the approach
used by EPAQS. This involved the application of Uncertainty Factors to the
results of studies of the effects on man of exposure to high concentrations of
the carcinogens specified above. Standards derived in this way do not offer a
complete guarantee of safety (this is impossible with non-threshold
compounds) but do define concentrations at which the risks to health are likely
to be very small and unlikely to be detectable. If it is found that incinerators
emit the carcinogens considered by EPAQS, it is reasonable to compare the
augmented local concentration (i.e. the local background concentration plus
the increment contributed by the incinerator) with the EPAQS standard. If this
is not exceeded it may be reasonably assumed that the additional risk
imposed by the emissions is minimal. If, on the other hand, the emissions
cause the local concentrations to exceed the EPAQS standard(s), the
appropriate regulator would need to decide whether the additional risk posed
by the incinerator was a cause for concern and what further reductions may
be necessary.
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Dioxins

24. ltis recognised that there are particular concerns about emissions of
dioxins from incinerators. The HPA and DH are advised on the health effects
of such compounds by the independent expert advisory committee, the
Committee on the Toxicity of Chemicals in Food, Consumer Products and the
Environment (COT). The COT has recommended a tolerable daily intake
(TDI) for dioxins, which is the amount which can be ingested daily over a
lifetime without appreciable health risk. This TDI is based on a detailed
consideration of the extensive toxicity data on the most well studied dioxin,
TCDD, but may be used to assess the toxicity of mixtures of dioxins and
dioxin-like PCBs by use of Toxic Equivalency Factors, which allow
concentrations of the less toxic compounds to be expressed as an overall
equivalent concentration of TCDD. These toxicity-weighted concentrations are
then summed to give a single concentration expressed as a Toxic Equivalent
(TEQ). The system of Toxic Equivalency Factors (TEFs) used in the UK and a
number of other countries is that set by the World Health Organization
(WHO)?, and the resulting overall concentrations are referred to as WHO-
TEQs (van den Berg, 2006). Thus, the COT has recommended a tolerable
daily intake for dioxins of 2 picograms WHO-TEQ/kg body weight/day based
on the most sensitive effect of TCDD in laboratory animals, namely, adverse
effects on the developing fetus resulting from exposure in utero. As this was
the most sensitive effect it will protect against the risks of other adverse
effects including carcinogenicity. The advice of the other sister committees,
COC and the Committee on Mutagenicity of Chemicals in Food, Consumer
Products and the Environment (COM), informed the conclusion, namely that
dioxins do not directly damage genetic material and that evidence on
biological mechanisms suggested that a threshold based risk assessment was
appropriate. The full statement is available (COT, 2001).

25.  The majority (more than 90%) of non-occupational human exposure to
dioxins occurs via the diet, with animal-based foodstuffs like meat, fish, eggs,
and dairy products being particularly important. Limited exposure may also
occur via inhalation of air or ingestion of soil depending on circumstances.
Regarding emissions from municipal waste incinerators, the current limit for
dioxins and furans is 0.1 nanogram per cubic metre of emitted gases. A
nanogram is one thousand millionth of a gram. Inhalation is a minor route of
exposure and, given that Defra has calculated that incineration of municipal
solid waste accounts for less than 1% of UK emissions of dioxins®, the
contribution of incinerator emissions to direct respiratory exposure of dioxins
is a negligible component of the average human intake. However, dioxins may
make a larger contribution to human exposure via the food chain, particularly
fatty foods. Dioxins from emissions could also be deposited on soil and crops
and accumulate in the food chain via animals that graze on the pastures,

® Note: The Waste Incineration Directive (2000/76/EC) sets Air Emission Limit Values for
dioxins using a slightly different system of TEQs i.e. international- or I-TEQs, which vary
slightly from WHO-TEQs.

* Review of Environmental and Health Effects of Waste Management: Municipal Solid Waste
and Similar Wastes. Extended Summary. Enviros, University of Birmingham and Defra. May
2004.
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though dioxins are not generally taken up by plants. Thus the impact of
emissions on locally produced foods such as milk and eggs is considered in
deciding whether to grant a permit. These calculations show that, even for
people consuming a significant proportion of locally produced foodstuffs, the
contribution of incinerator emissions to their intake of dioxins is small and well
below the tolerable daily intake (TDI) for dioxins recommended by the relevant
expert advisory committee, Committee on Toxicity of Chemicals in Food,
Consumer (see
http://cot.food.gov.uk/cotstatements/cotstatementsyrs/cotstatements2001/diox
insstate).

Epidemiological studies: municipal waste incinerators and cancer

26. The COC has issued two statements on the cancer epidemiology of
municipal waste incinerators. The initial statement followed a review of a
large study by the Small Area Health Statistics Unit which examined cancer
incidence between the mid 1970s and the mid 1980s in 14 million people
living within 7.5 km of 72 municipal solid waste incinerators in Great Britain®
(Elliott et al, 1996; COC, 2000). Prior to this there had been very few studies
of cancer mortality around municipal waste incinerators and none in the UK.
The incinerators studied by Elliott et al (1996) were the older generation
operating prior to introduction of strict emission controls and were more
polluting than modern incinerators. After considering this study, the COC
concluded that: “any potential risk of cancer due to residency (for periods in
excess of 10 years) near to municipal solid waste incinerators was
exceedingly low, and probably not measurable by the most modern
techniques” (COC, 2000).

27. In 2008, the Committee reviewed seven new studies on cancer incidence
near municipal solid waste incinerators which had been published since 2000
(Comba et al, 2003; Floret et al, 2003; Knox E, 2000; Viel et al, 2000; 2008a
and 2008b; Zambon et al, 2007). All had studied the older generation of
incinerator and three studies were of an incinerator for which emissions of
dioxins were reported to have exceeded even the older emission standard.
There were problems interpreting most of these studies due to factors such as
failure to control for socio-economic confounding or inclusion of emission
sources other than municipal waste incinerators. The COC concluded that
“Although the studies indicate some evidence of a positive association
between two of the less common cancers i.e. non-Hodgkin’s lymphoma and
soft tissue sarcoma and residence near to incinerators in the past, the results
cannot be extrapolated to current incinerators, which emit lower amounts of
pollutants. ...Moreover, they are inconsistent with the results of the larger
study...carried out by the Small Area Health Statistics Unit.” It concluded that
there was no need to change its previous advice but that the situation should
be kept under review (COC, 2009).

® These included all known municipal incinerators which opened before 1976. Incinerators
starting from 1976 were excluded, to ensure an appropriate lag period for development of any
cancer associated with the emissions.
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Conclusions

28. Modern, well managed incinerators make only a small contribution to
local concentrations of air pollutants. It is possible that such small additions
could have an impact on health but such effects, if they exist, are likely to be
very small and not detectable. The Agency, not least through its role in
advising Primary Care Trusts and Local Health Boards, will continue to work
with regulators to ensure that incinerators do not contribute significantly to ill-
health.
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Glossary

Aflatoxins
Naturally occurring toxins produced by the fungus Aspergillus sp.

Aerodynamic diameter

The actual diameter of a spherical particle of unit density with the same terminal velocity as
the particle under consideration. The term aerodynamic diameter allows particles of differing
densities and shapes to be compared in terms of their likelihood of depositing in the lung.

Air Quality Standard (AQS)

The concentration of a pollutant ( expressed, generally, as mass per unit volume) and
qualified by an averaging time, regarded as acceptable by an Expert Group or other standard
setting body. Air Quality Standards do not provide an absolute guarantee of safety for health.

Ambient aerosol

An aerosol is a suspension of fine particles or liquid droplets in a gas. Ambient refers to the
surroundings. In the air pollution context, this refers to the suspension of fine particles in the
general outdoor air.

Atherosclerotic plaques

The discrete lesions of the arterial wall in atherosclerosis i.e., disease of the blood vessels
involving the accumulation of fatty material in the inner layer of the arterial wall resulting in
narrowing of the artery. These fatty deposits are known as plaques.

1,3-butadiene
An industrial chemical used in the production of synthetic rubber. It is also produced by the
combustion of petrol and diesel. It is efficiently removed by catalytic convertors.

Carcinogens
Agents that cause cancer. Chemical carcinogens are chemicals that may produce cancer.

Cell proliferation
An increase in the number of cells as a result of cell growth and cell division.

Clotting factors
Substances (proteins) in blood that act in a complex series of reactions to stop bleeding by

forming a clot.

Coefficients

A constant multiplication factor. For example, a health effect might increase by 0.5% for
every unit increase in the concentration of a pollutant. This can be derived as the slope from
a graph relating health effects and pollutant concentrations.

Coronary arteries
The network of blood vessels that supply heart muscle with oxygen-rich blood.

Cytotoxic
Toxic to cells.

Dioxins

This refers to a large group of chemicals with similar chemical structure ( chlorinated dibenzo-
p-dioxins and chlorinated dibenzo-p-furans). They vary greatly in toxicity, some being very
toxic, others showing a similar pattern of toxicity but of lower potency. They are not produced
commercially but are formed in small amounts in most forms of combustion (fires etc.). The
most studied compound in this series is the highly toxic TCDD (2,3,7,8-tetrachlorodibenzo-p-
dioxin).
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Dioxin-like PCBs

Polychlorinated Biphenyls (PCBs) are another group of substances, some of which have
similar biological activity to dioxins. These are referred to as Dioxin-like PCBs. There are
many other PCBs that do not have dioxin-like properties.

Epidemiological studies
Studies of the distribution and the aetiology (causes) of disease in humans.

Free radicals

Highly reactive chemical structures (due to the presence of a chemical species that has lost
an electron and thus contains an unpaired electron in the outer shell of the molecule). They
are unstable and can react in biological systems with nearby substances such as lipids,
proteins or DNA producing damage.

Furans
Chemicals related to furan. Furan contains carbon, hydrogen and oxygen with the carbon
atoms and an oxygen atom forming a 5 sided ring.

Gas exchange zone

The part of the lung in which oxygen diffuses from the air to the blood and carbon dioxide
diffuses from the blood to the air. The alveoli, alveolar ducts and respiratory bronchioles
make up the gas exchange zone.

Immunosuppression
Suppression of the immune system.

Incidence
New occurrence of a disease over a specified time period.

In-utero
In the uterus (womb).

Larynx
Dilated region of the airway above the upper end of the trachea or windpipe. The vocal cords

lie within the larynx.

Mass concentration of particles
The mass of particles per unit volume of air. Usually expressed as pg/m3 (micrograms per
cubic metre).

Metabolite
Chemicals that enter the body can be changed by processes in the body into different
chemicals. These are described as metabolites of the original chemical.

Metalloid

An element that is not clearly a metal or non-metal but has some intermediate properties in
terms of malleability, ductility, conductivity and lustre. The following elements are generally
considered to be metalloids: boron; silicon; germanium; arsenic; antimony; tellurium;
polonium.

Meta-analysis
In the context of epidemiology, a statistical analysis of the results from independent studies

which aims to produce a single estimate of an effect.
Metric

A measure for something. PM,, is a measure (or metric) of the concentration of particles in
the air.

Microgram (ug)

One microgram is 1 x 10'6g. There are 1,000,000 (1 million) micrograms in a gram.
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Micron (um)

This is a unit of length that equals one thousandth of a millimetre.

Mortality
Deaths.

Mortality rate
The number of deaths in a population.

Morbidity
Il health.

Mutation

A permanent change in the amount or structure of the genetic material (DNA) in a cell or
organism which can result in a change in its characteristics. A mutation in the germ cells of
sexually reproducing organisms may be transmitted to the offspring, whereas a mutation that
occurs in somatic cells may be only transferred to descendent daughter cells.

Nanogram (ng)

One nanogramis 1 x 10 9 gram. There are 1,000,000,000 ng in one gram.

Nanoparticles
These are usually considered to be particles of less than 100 nanometres diameter. One

nanometre is a millionth of a mm. To put into some context this is about a ten thousandth of
the width of a human hair.

2-naphthylamine
A chemical used in the past in the manufacture of dyes. It is made up from 2 benzene rings
with a nitrogen and hydrogen side chain.

Non-Hodgkin lymphoma
A type of malignant cancer of the lymphatic system or lymphoid tissue. Most lymphoma are of
this type (as opposed to being Hodgkin lymphoma).

Number concentration of particles
The number of particles found in a specified volume of air, usually 1 cubic metre.

Pharynx
The throat and back of the nose.

Point sources
Sources of pollution from a fixed point in space e.g. an industrial site. The term is used in
contrast to mobile sources of pollution e.g. cars.

Polycyclic aromatic hydrocarbons (PAHs)
These are a group of structurally related organic compounds that contain 2 or more fused
rings. They are formed as a result of combustion/pyrolysis.

PM1o, PMy 5

The concentration (expressed in pg/m3) of particles generally less than 10um and 2.5um
respectivelyﬁ. The terms PM;q and PM, 5 are sometimes used to describe particles of
diameter of less than 10 and 2.5 ym respectively but this is not strictly correct: the terms refer
to the concentrations of particles and not to the particles themselves.

Picogram (pg)
A picogram is 1x 10 12 gram. There are 1,000,000,000,000 pg in one gram.

6 Strictly, particles that pass a sampler entry with 50% efficiency at 10 micrometres or 2.5
micrometres respectively.
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Spontaneous mutation
A mutation that occurs as a result of natural processes in cells, as opposed to those that arise
because of interaction with an outside agent or mutagen.

Soft tissue sarcomas

These are a rare type of cancer that develop from cells in the soft, supporting tissues of the
body such as muscle, fat and blood vessels. They may occur in limbs, chest, abdomen or
pelvis and less commonly in head and neck.

TCDD

The most studied dioxin, and the one that is used as a reference compound when considering
the toxicity of mixtures of dioxins, is often referred to simply as TCDD. This is an abbreviation
of its full chemical name, 2,3,7,8-tetrachlorodibenzo-p-dioxin. It is considered the most toxic
dioxin.

TEOM

Tapered Element Oscillating Micro-balance. An instrument used to measure the mass
concentration of particles in the air. Particles are collected on a vibrating rod: the mass
deposited affects the frequency of vibration of the rod and this, being recorded, allows the
mass of particles in the air to be calculated.

Tolerable Daily Intake (TDI)
An estimate of the amount of contaminant, expressed on a body weight basis (e.g., mg/kg
body weight) that can be ingested daily over a lifetime without appreciable health risk.

Total suspended particulates

A measure of particles derived by collecting particles of approximately 100 ym or less in a
sampler. This includes particles that are too large to enter the lung. The measurement
method has generally been superseded by measurement of PMy,.

Toxic Equivalency Factor (TEF)

A measure of the relative toxicological potency of a chemical compared to a well
characterised reference compound. TEFs can be used to sum the toxicological potency of a
mixture of chemicals which are all members of the same chemical class, having common
structural, toxicological and biochemical properties e.g. dioxins. In the case of dioxins the
reference compound is TCDD.

Toxic Equivalent (TEQ)

This is a method of comparing the total relative toxicological potency within a mixture using
TEFs (see above). It is calculated as the sum of the products of the concentration of each
chemical multiplied by the TEF.

Ultrafine component
The component of particles less than about 100 nm in diameter.

Uncertainty factors

Value used in extrapolation from experimental animals to man (assuming that man may be
more sensitive) or from selected individuals to the general population; for example, a value
applied to the No Observed Adverse Effect Level (NOAEL) to derive a TDI. The value
depends on the size and type of population to be protected and the quality of the toxicological
information available.
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Foreword from the Chairmen

We are pleased to transmit this advice to the Minister for Environment on
behalf of the Environmental Protection Authority and the Waste Authority on
the environmental and health impacts associated with waste to energy
technologies. This advice is provided under section 16(e) of the
Environmental Protection Act 1986.

To assist in the development of this advice, a technical report was
commissioned focussing on different regulatory regimes across jurisdictions,
profiling operating state-of-the-art waste to energy plants and presenting a
review of environmental and health literature. The key findings identified in
this technical report supported the Authorities in formulating this advice to the
Minister for Environment.

Waste to energy is a recognised recovery option in the waste hierarchy and is
likely to play an important role alongside other waste management options in
contributing to Western Australia’s resource recovery targets.

The EPA and Waste Authority are confident that, subject to conditions and
matching suitable technologies to types of waste input and appropriate plant
scale, waste to energy plants employing best practice can be operated with
acceptable impacts to our community. Nevertheless, engagement with the
community through the full planning, design, environmental approvals and
commissioning process for waste to energy plants is essential to build
community confidence and acceptability. This advice identifies six principles
that the EPA and Waste Authority see as key to the successful operation of
waste to energy plants in Western Australia:

e Only proven technology components should be accepted for
commercially operating waste to energy plants.

e The expected waste input should be the main consideration for the
technology and processes selected.

e Proposals must demonstrate best practice that, at a minimum, meets
the European Union’s Waste Incineration Directive standards for
emissions at all times.

e The waste sourced as input must target genuine residual waste that
cannot feasibly be reused or recycled.

e Continuous emissions monitoring must occur where feasible, and non-
continuous emissions monitoring must be required for all other
emissions of concern.
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e Residual by-products must be properly treated and disposed of to an
appropriate landfill, except where it is demonstrated that they can be
safely used elsewhere with acceptable impacts to the environment or
human health.

This advice is provided to guide the emerging waste to energy industry in
Western Australia. It recommends a precautionary approach, which could be
revised once the industry develops and demonstrates it can successfully
operate under Western Australian conditions.

The Waste Authority has a role in promoting the most efficient use of
resources, including resource recovery. While beyond the scope of this
advice, the Waste Authority notes the importance of developing appropriate
contracting and governance models within a suitable planning framework to
ensure the long term outlook for this industry aligns with the waste strategy for
the State.

2

Dr Paul Vogel

Chairman, Environmental Protection Authority

Mr Marcus Geisler

Chairman, Waste Authority
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Conclusions and recommendations

Conclusion 1 Waste to energy plants have the potential to offer an
alternative to landfill for the disposal of non-recyclable wastes, with the
additional benefit of the immediate capture of stored energy.

Conclusion 2 It has been demonstrated internationally that modern
waste to energy plants can operate within strict emissions standards with
acceptable environmental and health impacts to the community when a
plant is well designed and operated using best practice technologies and
processes.

Recommendation 1 Given the likely community perception and concern
about waste to energy plants, a highly precautionary approach to the
introduction of waste to energy plants is recommended.

Recommendation 2  As part of the environmental assessment and approval,
proposals must address the full waste to energy cycle - from accepting
and handling waste to disposing of by-products, not just the processing
of waste into energy.

Recommendation 3  Waste to energy proposals must demonstrate that the
waste to energy and pollution control technologies chosen are capable
of handling and processing the expected waste feedstock and its
variability on the scale being proposed. This should be demonstrated
through reference to other plants using the same technologies and
treating the same waste streams on a similar scale, which have been
operating for more than twelve months.

Recommendation 4 Waste to energy proposals must characterise the
expected waste feedstock and consideration made to its likely variability
over the life of the proposal.

Recommendation 5 The waste hierarchy should be applied and only waste
that does not have a viable recycling or reuse alternative should be used
as feedstock. Conditions should be set to require monitoring and
reporting of the waste material accepted over the life of a plant.

Recommendation 6  Waste to Energy operators should not rely on a single
residual waste stream over the longer term because it may undermine
future recovery options.

Recommendation 7 Regulatory controls should be set on the profile of
waste that can be treated at a waste to energy plant. Plants must not
process hazardous waste.

Recommendation 8 In order to minimise the discharge of pollutants, and
risks to human health and the environment, waste to energy plants
should be required to use best practice technologies and processes.
Best practice technologies should, as a minimum and under both steady
state and non-steady state operating conditions, meet the equivalent of
the emissions standards set in the European Union’s Waste Incineration
Directive (2000/76/EC).
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Recommendation 9  Pollution control equipment must be capable of
meeting emissions standards during non-standard operations.

Recommendation 10 Continuous Emissions Monitoring must be applied
where the technology is feasible to do so (e.g. particulates, TOC, HCI,
HF, SO,, NOx, CO). Non-continuous air emission monitoring shall occur
for other pollutants (e.g. heavy metals, dioxins and furans) and should
be more frequent during the initial operation of the plant (minimum of two
years after receipt of Certificate of Practical Completion). This monitoring
should capture seasonal variabilty in waste feedstock and
characteristics. Monitoring frequency of non-continuously monitored
parameters may be reduced once there is evidence that emissions
standards are being consistently met.

Recommendation 11 Background levels of pollutants at sensitive receptors
should be determined for the Environmental Impact Assessment process
and used in air dispersion modelling. This modelling should include an
assessment of the worst, best and most likely case air emissions using
appropriate air dispersion modelling techniques to enable comparison of
the predicted air quality against the appropriate air quality standards.
Background  monitoring  should continue  periodically  after
commencement of operation.

Recommendation 12 To address community concerns, proponents should
document in detail how dioxin and furan emissions will be minimised
through process controls, air pollution control equipment and during non-
standard operating conditions.

Recommendation 13 Proposals must demonstrate that odour emissions can
be effectively managed during both operation and shut-down of the
plant.

Recommendation 14 All air pollution control residues must be characterised
and disposed of to an appropriate waste facility according to that
characterisation.

Recommendation 15 Bottom ash must be disposed of at an appropriate
landfill unless approval has been granted to reuse this product.

Recommendation 16 Any proposed use of process bottom ash must
demonstrate the health and environmental safety and integrity of a
proposed use, through characterisation of the ash and leachate testing
of the by-product. This should include consideration of manufactured
nanoparticles.

Recommendation 17 Long term use and disposal of any by-product must be
considered in determining the acceptability of the proposed use.

Recommendation 18 Standards should be set which specify the permitted
composition of ash for further use.

Recommendation 19 Regular composition testing of the by-products must
occur to ensure that the waste is treated appropriately. Waste by-
products must be tested whenever a new waste input is introduced.

Recommendation 20 Waste to energy plants must be sited in appropriate
current or future industrial zoned areas with adequate buffer distances to
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sensitive receptors. Buffer integrity should be maintained over the life of
the plant.

Recommendation 21 For a waste to energy plant to be considered an
energy recovery facility, a proposal must demonstrate that it can meet
the R1 Efficiency Indicator as defined in WID.
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1 Introduction

Background

On 16 November 2011, the Minister for Environment wrote to the Chairman of
the Environmental Protection Authority (EPA) and the Chairman of the Waste
Authority, requesting that the two Authorities investigate the environmental
and health performance of waste to energy technologies internationally.

This request sought information on:

e legislation for the establishment and operation of waste to energy
facilities, focussed on emissions, in jurisdictions where these facilities
currently exist;

e current emissions from established and operating best practice
facilities; and

e current and historical level of compliance of these facilities.

The Minister requested that the information gathered be from full-scale,
commercial plants that process municipal solid waste (MSW) and from a
variety of technology types.

To assist with this investigation, WSP Environment and Energy Ltd were
engaged to undertake a technical review of waste to energy plants around the
world. These technical reports are attached. The reports provide detailed
information to address the issues identified by the Minister for Environment.
This advice from the EPA and Waste Authority draws on the technical advice
to make recommendations that are relevant to the Western Australian
situation.

What is waste to energy?

Waste to energy is the process of converting waste products into some form
of energy. This energy could be heat, steam or synthetic gas (syngas). These
primary energy sources can either be used directly or further converted into
products such as electricity or synthetic fuels. Waste to energy technologies
transform the calorific energy in waste products into usable energy. For
example, unrecoverable items in residual solid waste such as scrap timber,
textiles, nappies, organic waste mixed with packaging, soiled paper and
unrecovered packaging still contain energy bound within them. The waste to
energy process frees this energy.

Waste incinerators have existed since the 19" century, with renewed interest
across the United States, Europe and Asia since the 1970s. These
incinerators were designed to reduce the volume of waste going to landfill (as
the resulting ashes would normally be less than 30% of the original mass of
the input waste). Most plants built up until the 1990s were basic mass burn
incineration plants. A number of these incineration plants were only later
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retrofitted to also produce energy.

In the 1990s, major regulatory reform occurred across the world to reduce the
environmental and health impacts of mass burn incinerators and waste to
energy plants. As opposed to older plants, modern plants have been designed
to produce energy as the primary objective, and dispose of waste as a
secondary objective. For example, in Europe there are set energy recovery
levels that must be reached if a plant is to be classed as a legitimate waste to
energy resource recovery operation rather than a disposal operation. The
energy recovery level varies depending on the age of a plant.

Waste to energy processes generally include combustion, gasification and
pyrolysis. These are discussed in Section 2.

Waste to energy in the Western Australian context

Waste generation in Western Australia is growing. This is largely the result of
population and economic growth. It is estimated that in 2011-12 total solid
waste generation in the Perth and Peel regions was 5.23 million tonnes, and
will increase to 5.6 million tonnes in 2014-15 and 6.1 million tonnes in
2019-20. When the population of the Perth and Peel regions reaches 3.5
million people, waste generation could be approximately 9.7 million tonnes per
year or more.

The Waste Authority has identified that, not only is the current rate of disposal
to landfil a poor use of resources, the current waste and recycling
infrastructure is not sufficient to meet the population’s needs in the medium to
long term.

In 2012, the Western Australian Government released the State Waste
Strategy, Creating the Right Environment, which aims to move Western
Australia to a low waste society. The strategy supports the management of
waste consistent with the waste hierarchy which aims to maximise the value
of waste and minimise its environmental impact. The waste hierarchy is set
out in the Waste Avoidance and Resource Recovery Act 2007 (WARR Act).

Avoidance

Reuse

Reprocessing

Resource

Recycling recovery

Energy recovery

\{giiijiy/
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The strategy contains landfill diversion targets for the three main waste
streams:

e Municipal Solid Waste: 65% diversion of metropolitan waste by
2019-20 (50% diversion from major regional centres)

e Construction and Demolition Waste: 75% diversion by 2019-20
e Commercial and Industrial Waste: 70% diversion by 2019-20

The growth in waste generation and the preference to divert waste from
landfill has significant implications for waste management infrastructure
planning and investment into the future. In order to meet policy objectives and
strategy targets, a range of waste management options will need to be
pursued along different points of the waste hierarchy.

Energy recovery is a recognised option at the lower end of the hierarchy. It is
generally considered more favourable than landfill, but less favourable than
options such as recycling, re-use and avoidance.

Waste to energy technologies should not replace management options higher
up the waste hierarchy. However, where no viable alternatives exist, waste to
energy could play an important role in diverting residual waste from landfill
and contribute to policy objectives and strategy targets.

Conclusion1 Waste to energy plants have the potential to offer an
alternative to landfill for the disposal of non-recyclable wastes,
with the additional benefit of the immediate capture of stored
energy.

Regulatory regime in Western Australia

The Environmental Protection Act 1986 (the EP Act) provides the primary
mechanisms to regulate environmental and health aspects of waste to energy
plants in Western Australia.

Part IV of the EP Act provides for environmental impact assessment of
proposals which are likely, if implemented, to have a significant impact on the
environment. Under Part IV, the EPA provides advice to the Minister for
Environment, and the Minister may set conditions on a proposal.

Part V of the EP Act requires prescribed premises (including waste to energy
plants) to hold a works approval prior to commencing any works on site, and
to hold a licence prior to the commencement of any operation of the facility.
Works approvals and licences can include conditions relating to the design
and construction of facilities, the installation of pollution prevention equipment,
the emissions criteria or limits that must be complied with, monitoring
requirements, waste disposal, and regular reporting.

The EPA’s preference is that proponents present proposals when they are in

3



76

the detailed design stage so that the EPA can assess the fully designed
proposal. However, the EPA accepts that in some instances it may be asked
to assess proposed waste to energy plants while they are at the preliminary
design stage. In such circumstances, the environmental assessment and
regulatory approval process will need to proceed cautiously through the
preliminary design, detailed design, engineering procurement and
construction phase and, importantly, commissioning phase. In these
circumstances, there will be an increased reliance on the Part V process of
the EP Act, i.e. Works Approval and Licensing, to assess the detailed design,
including the final combination and configuration of technologies chosen for
the plant, to ensure environmental criteria are met.

The EPA and the Waste Authority are confident that the regulatory regime
provided under the EP Act is well equipped to minimise and manage the
environmental and health risks associated with waste to energy plants in
Western Australia. Some of the recommendations made in this advice focus
on how the regulatory regime should be applied in Western Australia, for
example through the application of emission standards. These
recommendations are consistent with the approach taken in the European
Union, United States and Japan, and are based on the establishment and
operation of waste to energy plants in existence in these jurisdictions.

Current situation

The EPA is currently assessing four waste to energy proposals and has set
the level of assessment at Public Environmental Review. This means that
there is an opportunity for the community to provide comments on each of the
proposals. This is the most in-depth level of assessment.

In the past, there has been deep community concern in Western Australia
about the health impacts of waste incinerators. Although waste to energy
plants have improved significantly on these older incinerators, this concern is
likely to continue. There is mixed community opinion about waste to energy
plants across the jurisdictions investigated in the WSP Report (see Stage Two
Report). However the common opinion and comments put forward by the
community appear to relate primarily to older incinerators. Modern state-of-
the-art plants are often located in densely populated areas, and operate
successfully to meet stringent emission standards.

As stated in the WSP report (Stage Two Report — page 18):

Modern waste to energy plants are required to meet among the most
stringent emissions requirements of any industrial process. Concerns
around airborne pollutants, in particular dioxins, have led to a
considerable tightening in the environmental regulation of such facilities
over the last few decades, and as a result the emissions to air from
modern plants are very low. Some plants even claim to produce flue
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gases that are cleaner than the surrounding air.

In some cases, other non-technical aspects have been used by proponents to
gain community acceptance of a plant. This has included both architectural
design to make the plants more aesthetically pleasing and having real time
monitoring displays at the entrance to the plant to provide transparency and
demonstrate compliance with emissions standards and build community
confidence.

Recommendation1  Given the likely community perception and
concern about waste to energy plants, a highly precautionary
approach to the introduction of waste to energy plants is
recommended.

Effective community engagement will be paramount for the successful
establishment of a waste to energy industry in Western Australia.

It is essential that proponents of waste to energy proposals engage fully with
stakeholders, especially local communities, as early as possible in the
planning of their proposals. Consultation should be ongoing through the
design, environmental approvals, commissioning and operating phases. The
history of waste to energy in Australia and internationally suggests that
working with the community through the process leads to better community
acceptance of a facility.

Scope of advice

This advice focuses on waste to energy using thermal treatment technologies
only. Biological treatment of waste using technologies such as composting or
anaerobic digestion to obtain heat or methane gas is not included. The scope
of the advice is limited to the environmental and health impacts of thermal
treatment plants. While economic, waste availability, landfill availability and
other factors play a significant role in the feasibility of waste to energy plants,
they are not the focus of this advice. These factors however are important
drivers of the need to consider waste to energy facilities in the broader waste
management hierarchy.

How this advice will be used

This advice discusses the potential environmental and health impacts and
risks of waste to energy plants around the world, and offers recommendations
to minimise and manage these.

This advice provides useful context for proponents developing waste to
energy plants to understand the key issues that the EPA will consider in
undertaking its environmental impact assessment. The advice and attached
technical report also provides information for the community to support open
and informed public discussion about waste to energy.
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The recommendations relate to the six key principles outlined in the foreword.
These recommendations will provide the basis for the EPA’s assessment of
the current and future proposals. It will assist the Minister in making a decision
on whether to approve a proposal under Part IV of the EP Act). It will also
provide guidance on decisions made under Part V of the EP Act for Works
Approval and Licensing of prescribed premises. The recommendations
emphasise the importance of integration of Part IV and Part V processes of
the EP Act to allow a life cycle approach to the assessment and approval of
these plants. This allows the assessment of different components of the
proposal to occur at the most appropriate time, including during
commissioning. This will ensure that before a plant is licenced to operate, it
has demonstrated its environmental acceptability.

2 Waste to energy process

Components of waste to energy

In simple terms, the waste to energy process generally has the following five
components:

1. Waste arrival and storage

2. Core reactor (i.e. where the waste is converted to energy)
3. Energy recovery

4. Air pollution control

5. Residual product processing.

Component 1 is comparable to a waste transfer station where waste is
brought in by truck and deposited on the tipping floor. It is then processed,
sorted and stored.

Component 2 is the main unique component of waste to energy plants. This is
where the actual conversion of waste into energy occurs. The types of modern
waste to energy technologies include direct combustion, gasification and
pyrolysis and other more novel technologies. Direct combustion technologies
include moving grate mass burn facilities, rotary kiln facilities and fluidised bed
facilities. Combustion is the dominant technology for processing solid waste
through thermal treatment globally.

A range of approaches are taken to gasification or pyrolysis. Many gasification
or pyrolysis technologies need to manage the characteristics of input waste
and may use one or more of the following techniques: mechanical separation,
bio-drying, particle size reduction, co-processing with more suitable materials
and increased residence time in process.
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Process

Description

Combustion

This is the dominant waste to energy approach taken globally.
Combustion uses excess air or oxygen to drive the reaction in
combusting waste into heat, ash and a flue gas. The heat is
often then used to produce steam to drive a steam turbine to
generate electricity. The specific reaction conditions and the
systems for extracting useful energy from the process are
critical factors that determine the efficiency of a facility.

Gasification

Involves the conversion of waste into synthetic gas (syngas)
using a limited amount of oxygen. The process is more
efficient than direct combustion and converts about 80 per cent
of the energy in the waste into syngas. Most gasification plants
use air in the process rather than pure oxygen as it is cheaper,
however it produces a lower quality syngas. Most gasification
is undertaken at high temperature (at least 900°C), although
certain technologies run at lower temperatures where the
waste is treated for a longer period of time. Gasification can be
undertaken in combination with combustion in modular plants.

Slagging
gasification

Some gasification plants operate at a higher temperature and
are known as slagging gasification. These higher process
temperatures are produced using oxygen injections or plasma,
which melt the by-products (ash or char) into an inert vitrified
glass-like product. In some jurisdictions this vitrified material is
recycled into construction materials such as road base, as
extensive testing has shown the material has very low leaching
characteristics and is considered to be safe for use. Globally,
the majority of commercially-sized operating slagging
gasification plants are located in Japan.

Plasma
gasification

Plasma gasification is a new technology currently being tested,
but as yet has not been commercially proven. This type of
gasification involves no air or oxygen. Plasma gasification is
carried out by exposing waste to intense temperature
conditions (4,000 — 7000°C) from a plasma arc which results in
the production of syngas, a vitrified slag and molten metal. The
proportions and composition of the products will depend on the
composition of the input waste. Emissions of pollutants such
as nitrogen oxides and sulphur dioxide are effectively avoided,
but other contaminants such as hydrogen sulphide, ammonia
and carbonyl sulphide may have to be abated.

Pyrolysis

Pyrolysis does not involve any oxygen or air. In this case
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waste is placed into an air-free reactor and heated using an
external source of energy. The waste is then converted into
solid char, pyrolysis oil and syngas through physical and
chemical processes. True pyrolysis is undertaken at a low
temperature (around 400°C), however, pyrolysis undertaken at
a higher temperature (around 800°C) changes the amount of
each product produced — at higher temperatures more syngas
is produced. For waste to energy purposes, syngas is the
currently preferred energy product as it is easier to convert into
electricity.

Within each of these processes, there are various designs such as fluidised
bed, rotary kiln, updraft and downdraft reactors, each of which is tailored to
give certain benefits when processing various types of wastes. Further details
are available in the attached report (see Stage Two Report — Overview
section).

Component 3 involves the recovery of energy from the process. This may be
heat, steam, syngas or oil, which can be used directly or converted into
electricity.

Component 4 controls the emissions from the process and uses technologies
already in existence for other industries. This includes flue gas cleaning
systems such as fabric filters, electrostatic precipitators, cyclones, selective
non-catalytic reduction, selective catalytic reduction, wet, semi-dry and dry
scrubbers, activated carbon injectors, etc. These are used to remove or
capture air emissions.

Component 5 involves dealing with the residual products from the process.
These are generally bottom ash (char), fly ash (the major hazardous waste
collected through air pollution control systems) and recovered metals. In some
jurisdictions, some of these by-products are marketable products for use in,
for example, road base. Others, particularly fly ash, are generally hazardous
and need to be disposed of to an appropriately licensed landfill. Disposal of
residual products are discussed further in Section 3.

Recommendation 2 As part of the environmental assessment and
approval, proposals must address the full waste to energy cycle -
from accepting and handling waste to disposing of by-products,
not just the processing of waste into energy.

Technology and operation

There are many waste to energy technologies available around the world, but
not all of them are proven technologies in jurisdictions that set strict emissions
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standards, or have been demonstrated across the full spectrum of waste
streams. Many of the emissions related to waste to energy plants occur during
start-up, shutdown and non-standard operation. To minimise the risk to
humans and the environment, commercially operating plants should only use
proven technology.

In assessing waste to energy proposals, the EPA will seek for proponents to
demonstrate that:

e The technology for each component in the proposed configuration of
the plant has operated reliably elsewhere;

e The combination of technologies for the components can operate well
within emissions standards equal to the European Union’s Waste
Incineration Directive (WID);

e The technology for each component has a successful track record in
treating the same waste streams as those proposed;

o If possible, the technology for each component has been operated at a
similar scale or have a track record at a lower scale that can be
reasonably upscaled; and

o |If possible, the configuration of components of the plant has also been
previously demonstrated elsewhere.

Recommendation 3 Waste to energy proposals must demonstrate
that the waste to energy and pollution control technologies
chosen are capable of handling and processing the expected
waste feedstock and its variability on the scale being proposed.
This should be demonstrated through reference to other plants
using the same technologies and treating the same waste
streams on a similar scale, which have been operating for more
than twelve months.

Variation in waste streams poses one of the greatest risks to the ability of
waste to energy plants to meet emissions standards. It is important that the
intended waste stream is carefully characterised to ensure that it can meet the
specifications of the plant. When considering the life of a waste to energy
plant, it is likely that the waste stream will vary in line with population growth,
uptake of recycling and re-use of materials, change in markets for recycling,
change in waste streams, availability of new waste streams, introduction of
other waste processing facilities, etc. Variation will not only occur over these
longer timeframes, but variation in municipal solid waste is also known to
occur seasonally. Therefore, the type of technology and processes should be
chosen to best align with the expected waste stream.



82

Recommendation 4 Waste to energy proposals must characterise
the expected waste feedstock and consideration made to its
likely variability over the life of the proposal.

Waste to energy plants should only process residual waste. Residual waste
generally refers to material that is left over after processing, and which would
otherwise be sent to landfill. Residual waste streams may vary from region to
region depending on availability of recycling and recovery options. Ultimately,
residual waste should have no viable higher value use.

The viability of higher value waste management options (such as source
separated collection and processing) will change over time as population,
technologies, markets for materials and other factors change. Waste to
energy plant operators should not adversely affect future higher value
recovery options by relying on a single residual waste stream over the longer
term.

As sources of waste are removed when other high order uses become
available, new waste streams may need to be introduced to enable plants to
continue operating at capacity. The likely sources of these new waste streams
need to be considered in plant design to ensure that the plant technology is
adequate to treat these wastes.

Recommendation 5 The waste hierarchy should be applied and
only waste that does not have a viable recycling or reuse
alternative should be used as feedstock. Conditions should be
set to require monitoring and reporting of the waste material
accepted over the life of a plant.

Recommendation 6 Waste to energy operators should not rely on a
single residual waste stream over the longer term because it may
undermine future recovery options.

The waste stream put into the waste to energy process will determine the
characteristics of the process residues and emissions. Certain types of waste
will increase the amount of certain emissions (e.g. within MSW there may be
plasterboard offcuts which will result in higher sulphur dioxide emissions) and
the content of process residue (e.g. batteries will increase the amount of
heavy metals). While some of these are inevitable with the collection of MSW,
it is important that large quantities of identified hazardous waste are not
processed together with MSW. This will prevent large amounts of process
residue potentially being classified as hazardous. The reference to hazardous
waste here refers to any waste which could not be landfilled without prior
treatment and includes dangerous goods, biomedical waste, pharmaceutical
waste, poisons, quarantine waste, radioactive waste, significantly
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contaminated soils and asbestos waste.

Recommendation 7 Regulatory controls should be set on the
profile of waste that can be treated at a waste to energy plant.
Plants must not process hazardous waste.

The attached Stage Two Report discusses thirteen case studies of operating
plants to demonstrate the wide variety of technology types and processes in
existence, as well as two reviews of slagging and plasma gasification plants.
Generally the report shows that these modern plants can operate well within
acceptable standards. The table at the end of this advice summarises these
plants and full details on the operation of these plants are available in the
attached report. By allowing the operation of state-of-the-art plants, waste to
energy can contribute to meeting Western Australia’s resource recovery
targets while building community confidence in the waste to energy industry.

Conclusion 2 It has been demonstrated internationally that modern
waste to energy plants can operate within strict emissions
standards with acceptable environmental and health impacts to
the community when a plant is well designed and operated using
best practice technologies and processes.

3 Environmental and health impacts

The two main environmental and health issues associated with waste to
energy plants are emissions from the process and handling the process
residues. Air emissions can be controlled through technology and process
similar to that in other industries. Process residues can be managed through
controlling the waste input and disposing of waste in accordance with
regulatory guidelines.

Air emissions

The EPA’s objective for air is to maintain air quality for the protection of the
environment and human health and amenity. In order to achieve this, waste to
energy plants should be designed to meet best practice, both in terms of
technology and process. Best practice is defined by the EPA as:

¢ All relevant environmental quality standards must be met.

e Common pollutants should be controlled by proponents adopting Best
Practicable Measures (BPM) to protect the environment.

e Hazardous pollutants (like dioxins) should be controlled to the
Maximum Extent Achievable (MEA), which involves the most stringent
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measures available. For a small number of very hazardous and toxic
pollutants, costs are not taken into account.

e There is a responsibility for proponents not only to minimise adverse
impacts, but also to consider improving the environment through
rehabilitation and offsets where applicable and practicable.

The technical review by WSP provides a comparison of air emissions
standards from three jurisdictions being the European Union, the United
States and Japan. The European Union’s Waste Incineration Directive (WID)
standards are generally the strictest across the range of typical emissions.
Individual States or local authorities may have stricter emissions limits on
certain emissions of concern where appropriate to the local context (e.g. the
plant is located within an urban setting). The EPA and the Waste Authority
agree that the WID standards should be the minimum accepted in Western
Australia.

Recommendation8 In order to minimise the discharge of
pollutants, and risks to human health and the environment,
waste to energy plants should be required to use best practice
technologies and processes. Best practice technologies should,
as a minimum and under both steady state and non-steady state
operating conditions, meet the equivalent of the emissions
standards set in the European Union’s Waste Incineration
Directive (2000/76/EC)".

The figure on the next page shows the air emissions from all the European
and United States case studies considered in the attached technical report
(see Stage Two Report). All European case studies are within WID limits. In
many cases the emissions are more than an order of magnitude below the
regulatory limit.

' http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32000L0076:EN:NOT
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Of those jurisdictions investigated, most specify minimum pollutant emission
standards which must be met. However, there is a trend internationally to
also require best available technologies to prevent or minimise pollution, in
addition to specifying minimum standards.

It has been demonstrated that plants employing best practice technologies
operating under steady state conditions can readily meet the strictest
emissions standards set by the European Union’s WID.

Peak emissions generally occur during start up, shut down and non-standard
operation (e.g. when the temperature of the furnace is too low). Any waste to
energy proposal should demonstrate how it will minimise emissions during
non-standard operation, start up and shut down. Generally, for start up and
shut down, this is managed by excluding waste from the combustor. Waste to
energy plants will be required to meet emission standards during non-
standard operations.

Recommendation 9  Pollution control equipment must be capable of
meeting emissions standards during non-standard operations.

To demonstrate that a waste to energy plant is in full compliance with
emissions limits, continuous emissions monitoring of emissions of concern
should be undertaken where the technology to do so is available. Where this
is not available, non-continuous emissions monitoring should be undertaken.
The emissions monitored should include all those relevant to the waste
feedstock and air pollution control techniques. The main emissions of concern
generally include particulates, heavy metals, dioxins and furans.

The extent of non-continuous monitoring required will initially be set more
frequently, particularly during the commissioning phase of the plant. This
phase is most likely to have emissions closer to the limits and so is a key point
to closely monitor emissions. Once the plant is fully commissioned and has
demonstrated continuous operation within the limits, the non-continuous
emissions monitoring frequency may be reduced. These monitoring
requirements will form part of the Works Approval and Licence issued for a
prescribed premises under Part V of the EP Act.
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Recommendation 10 Continuous Emissions Monitoring must be
applied where the technology is feasible to do so (e.g.
particulates, TOC, HCI, HF, SO,, NOx, CO). Non-continuous air
emission monitoring shall occur for other pollutants (e.g. heavy
metals, dioxins and furans) and should be more frequent during
the initial operation of the plant (minimum of two years after
receipt of Certificate of Practical Completion). This monitoring
should capture seasonal variability in waste feedstock and
characteristics. Monitoring frequency of non-continuously
monitored parameters may be reduced once there is evidence
that emissions standards are being consistently met.

Measuring background levels of emissions of concern is important to set the
baseline for comparison. These background levels must be obtained far
enough in advance so that they can be used in air dispersion models as part
of the assessment of a plant.

Recommendation 11 Background levels of pollutants at sensitive
receptors should be determined for the Environmental Impact
Assessment process and used in air dispersion modelling. This
modelling should include an assessment of the worst, best and
most likely case air emissions using appropriate air dispersion
modelling techniques to enable comparison of the predicted air
quality against the appropriate air quality standards. Background
monitoring should continue periodically after commencement of
operation.

Dioxins and furans

The emission of dioxins and furans has been one of the community’s greatest
concerns with waste incinerators and is likely to continue with waste to energy
plants. However, since the 1990s reform of the regulations, the emission of
dioxins and furans has decreased significantly. In the United States, between
1987 and 2002, emissions of dioxins reduced by 99.9% with the introduction
of Maximum Achievable Control Technology regulations, while in Germany,
emissions were reduced by three orders of magnitude. Air pollution control
technologies, waste acceptance criteria and appropriate process controls (e.g.
maintaining a high temperature) are able to limit the amount of dioxins
emitted.

The majority of dioxin emissions occur during start-up, shutdown and non-
standard operation. These spikes in emissions can relate to waste not being
fully established on the combustion grate during start-up and shutdown.
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Where there are increases in emissions during non-standard operation, these
should be investigated to determine the cause and changes made to prevent
this issue occurring again.

Recommendation 12 To address community concerns, proponents
should document in detail how dioxin and furan emissions will
be minimised through process controls, air pollution control
equipment and during non-standard operating conditions.

Particulates (dust)

The main concern relating to particulate emissions is the impact of ultrafine
and nanoparticles on human health. While it is accepted that ultrafine particles
do have an impact on human health, there is still uncertainty as to the
mechanism. There has been some debate about whether the mass of
particles should only be assessed in relation to health impacts or if the total
number of particles needs to be considered as well. There are still significant
questions about the feasibility of obtaining robust data to make inferences
relating to health risks from fine and ultrafine particle counts.

Waste to energy plants will have both nanoparticles already contained within
the input waste feedstock as well as new nanoparticles created during
combustion.

The potential impact of nanoparticles in the waste industry will increase in the
future as the use of nanoparticles in manufactured goods becomes more
common. Nanoparticles do not appear to be changed by combustion or by
adhering to larger particles. The literature suggests that manufactured
nanomaterials in the waste stream may be efficiently filtered during
combustion by filter systems designed to capture small particles. This occurs
because nanoparticles bind loosely to each other and other particles and to
solid residues which are in turn captured during filtration. As a consequence,
the bulk of the nanoparticles are found in the fly ash and bottom ash. This
suggests potential exposure to nanoparticles could occur predominantly
during disposal and deposition of the ash.

At this stage, products containing manufactured nanoparticles should be
treated with caution. Large quantities of known manufactured nanoparticles
should not be accepted by waste to energy plants.

The fate and behaviour of nanoparticles formed during combustion is also not
known. Neither nanoparticle numbers nor concentrations have been routinely
monitored. The health effects of nanoparticles cannot be separated from
those associated with fine particles although the evidence strongly suggests
ultrafine particles present a real risk in the development of chronic diseases.
The absence of any evidence of harm directly attributable to nanoparticles
should not be taken as evidence of no harm.
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However, it is important to remember that waste to energy plants are only one
source of nanoparticles and would only contribute a small amount when
compared with other sources, including industrial, transport and natural.

Waste to energy plants will have three potential exposure pathways — the
handling of process residues (ash) by workers, emissions to air and potential
leaching from re-use of process residues.

In order to increase the knowledge of the effects of nanoparticles, better data
is required and consideration should be given to monitoring nanoparticles
from newly established industrial facilities. This increased knowledge should
feed back into the development of appropriate management of nanoparticles.
Emissions monitoring data should be made available so that this can occur.

Odour

Odour has the potential to significantly disrupt community comfort and
amenity. Odour is generally one of the most complained about environmental
pollution issues. Waste to energy plants can be designed to minimise odours
as the entire process is generally contained within a building. Doors are
designed to close behind vehicles to reduce the chance of odours escaping
the plant. Typical installations keep the building under negative pressure by
extracting air from the waste tipping hall and feeding it into the combustion
process.

Other potential sources of odour are emissions from vehicles and emissions
during downtime of the combustion process. Appropriate siting of waste to
energy plants will reduce the impact of fugitive odours from garbage trucks.
Siting is discussed further in section 4. During extended downtime this odour
can be managed through either air pollution technology such as biofilters or
process controls such as diverting incoming waste.

It is essential that odour management is adequately planned to ensure that
control systems are built into the design of the plant.

Recommendation 13 Proposals must demonstrate that odour
emissions can be effectively managed during both operation and
shut-down of the plant.

Process residues

There are two main types of process residue from a waste to energy plant —
bottom ash and air pollution control (APC) residue (APC residues mostly
consist of a material known as fly ash). Depending on the type of air pollution
control technology used, waste water may also require disposal. In some
cases overseas these residues have been used as products in the
construction industry rather than being disposed of to landfill. This advice
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deals with the bottom ash and air pollution control residue separately as the
content of each of these varies.

Air pollution control residue

The residues captured in air pollution control equipment can be highly toxic. It
is essential that this material is characterised and disposed of in accordance
with waste guidelines. This includes appropriate transport to a licensed
landfill.

Overseas, particularly in Japan, vitrification of process residues including APC
residue has been used to treat the waste. Vitrification means heating the
waste to a very high temperature and adding silicon dioxide to melt the waste
into a glass-like product. This product can then be used in the construction
industry replacing aggregate material. This process occurs using slagging
gasification or plasma technology.

While vitrification of APC residues has been found to limit leaching of toxins
into the environment, there is likely to be higher level of risk associated with
any lesser treatment of air pollution control residues. In the European Union,
most APC residue does not meet waste acceptance criteria for disposal in
hazardous landfill unless it has been pre-treated.

The EPA and the Waste Authority recommend that a precautionary approach
must be taken in relation to the use of any APC residue. At this stage, it is
recommended that all APC residue be disposed of to an appropriate landfill.

Recommendation 14 All air pollution control residues must be
characterised and disposed of to an appropriate waste facility
according to that characterisation.

Bottom ash

Bottom ash is the generally inert non-combustible residue that remains after
treatment of waste in the plant. It also contains ferrous and non-ferrous metals
which are usually extracted and recycled. Bottom ash is increasingly being
processed into new materials for the construction industry rather than being
disposed of to landfill. Bottom ash is typically used as a bound material in
asphalt or cement. When bound, the potential for leaching is greatly reduced.

The content of dioxins in bottom ash is considered to be very low and no
greater than alternative materials already used in the construction industry.
The content of the bottom ash is a direct result of the waste input. It is
important to regularly test both the waste input characteristics and bottom ash
composition to ensure that any use of bottom ash will be within contaminant
limits. Nanoparticles are a known component of bottom ash and need to be
considered in the handling and use of any product.

The end product can be processed further to reduce any potential for
18
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contaminant leaching. This could be through weathering of the bottom ash
before use to stabilise most of the pollutants. The use of the product can also
be controlled.

Before any re-use is proposed, issues need to be considered beyond the
creation of a stable product to the whole life cycle of the product. This includes
both leaching while the product is in use and the potential impacts when the
product is disposed of.

If used appropriately the risks of these products to human health and the
environment are likely to be minimal. Until it can be demonstrated that the
material used in specific applications can meet acceptable contaminant
release thresholds, the EPA and the Waste Authority recommend that bottom
ash be disposed of to landfill. In the future, re-use of the bottom ash may be
acceptable once proponents can demonstrate that the product does not pose
unacceptable risks to the community or the environment.

Recommendation 15 Bottom ash must be disposed of at an
appropriate landfill unless approval has been granted to reuse
this product.

Recommendation 16 Any proposed use of process bottom ash must
demonstrate the health and environmental safety and integrity of
a proposed use, through characterisation of the ash and leachate
testing of the by-product. This should include consideration of
manufactured nanoparticles.

Recommendation 17 Long term use and disposal of any by-product
must be considered in determining the acceptability of the
proposed use.

Recommendation 18 Standards should be set which specify the
permitted composition of ash for further use.

The waste input will change over the life of a waste to energy plant. There will
be both gradual changes to the composition of the MSW mix as well as
immediate changes where a new waste input stream is accepted. By-products
should be tested regularly and every time there is a major change, such as a
new waste input source, to ensure they still fit within the standards.

Recommendation 19 Regular composition testing of the by-products
must occur to ensure that the waste is treated appropriately.
Waste by-products must be tested whenever a new waste input
is introduced.
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Waste water

Waste water discharge, like air emissions, will be regulated under Part V of
the EP Act. However, not all plants will discharge water, and some will only
discharge water from independent cooling systems, where temperature will be
the main emission of concern. Others will discharge water after treatment from
air pollution control equipment used (e.g. wet scrubbers). Contaminant levels
for water discharge will be set through Part V licence conditions in the local
context.

4 Planning and efficiency

Siting

Appropriate siting of waste to energy plants is essential to minimise
community concerns and health and environmental risks. While internationally
many waste to energy plants exist within densely populated and urban areas,

this is unlikely to be acceptable to the Western Australian community at this
point.

Planning controls in Western Australia require waste to energy plants to be
located in industrial zoned land. Generally, these industrial estates are
separated by a buffer from other sensitive land uses. Modelling of noise,
odour and air pollution will need to demonstrate that adequate buffers exist.
Furthermore, to ensure the separation of incompatible land uses, the integrity
of the buffer must be maintained over the life of the plant.

Appropriate siting can also ensure that ancillary impacts, such as noise, odour
and greenhouse gas emissions from the transport of waste, are minimised.

Recommendation 20 Waste to energy plants must be sited in
appropriate current or future industrial zoned areas with
adequate buffer distances to sensitive receptors. Buffer integrity
should be maintained over the life of the plant.

Energy efficiency

In the Western Australian context, it is understood that the current waste to
energy proposals have the dual primary purpose of generating energy and
reducing the amount of waste going to landfill. Proponents should select a
technology that, while being appropriate for the expected waste stream, also
maximises the efficiency of energy recovery. Waste to energy plants should
meet the efficiency criteria as defined by the European Union, which
separates incineration facilities from genuine energy recovery facilities. This is
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known as the R1 Efficiency Indicator and is explained further in the attached
technical report (see Stage Two Report — Section 3).

Recommendation 21 For a waste to energy plant to be considered
an energy recovery facility, a proposal must demonstrate that it
can meet the R1 Efficiency Indicator as defined in WID.

Greenhouse gases

The greenhouse gas emissions from each individual waste to energy plant will
vary depending on a number of factors including the composition of its waste
input, the efficiency of the technology used, the source of any energy inputs
and the substituted energy mix. However, because waste to energy plants
produce energy that displaces emissions from the use of conventional
emissions intensive fossil energy sources, they are considered beneficial in
minimising greenhouse gas emissions.

Waste to energy plants can also produce heat which can be exported to other
commercial users. This could reduce other’s greenhouse gas emissions and
should be considered as part of the siting of a plant.

It should be noted that waste to energy facilities that emit over 25,000 tonnes
of carbon dioxide equivalent are liable under the Australian Government’'s
Carbon Pricing Mechanism and have reporting obligations under the National
Greenhouse and Energy Reporting Act 2007. Waste to energy facilities may
be eligible to create large-scale generation certificates under the Renewable
Energy Target depending on their feedstock?.

5 Conclusions

While there is still uncertainty about the impacts of nanoparticles on human
health, overall, the international waste to energy plants studied in the WSP
Report have performed well within emissions limits at levels acceptable to the
community. The distinction between modern state-of-the-art plants and older
incinerators is significant and an important factor in the recommendations
contained in this advice. Western Australia should be focussed on ensuring
application of best practice for any waste to energy proposals and continually
improving the standards of this industry as further knowledge is gained. This
precautionary approach will provide the opportunity for a successful, long term
contribution of waste to energy plants to the management of waste in Western
Australia, without unacceptable environmental consequences.

2 Biomass-based components of municipal solid waste are considered an eligible renewable
energy source under the Renewable Energy (Electricity) Act 2000.
http.//ret.cleanenergyrequlator.gov.au/For-Industry/Renewable-Enerqy-Power-Stations/L GC-
Eligibility-Formula/lgc-eligibility-formula
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