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Global Mercury Assessment UNEP
http://www.chem.unep.ch/mercury/Report/final-report-download.htm

8 Prevention and control technologies and practices
8.3 Reducing mercury releases

8.3.1 Nature of mercury emissions

629. In order to fully appreciate the relevance of various emission control
technologies, it is first necessary to review the context of these mercury emissions
(Pacyna and Pacyna, 2000, as modified by US comments to an earlier draft of this
report).

e Concentrations of mercury in coals and fuel oils vary substantially depending on
the type of fuel and its origin. The mercury in coal may be associated with the
organic or the inorganic constituents (mineral matter) of coal. When it is
associated with mineral matter such as sulfides it can often be removed by
physical coal cleaning techniques. The removal of mercury from the organic
fraction of coal is much more difficult and costly.

e Most of the processes generating atmospheric emissions of mercury employ high
temperature. During these processes, including combustion of fossil fuels,
incineration of wastes, roasting and smelting operations in non-ferrous and
ferrous metallurgy, and cement production, mercury introduced with input
material volatilizes and is converted to elemental mercury (Hg® in the high
temperature region of the process. As the flue gas is cooled to flue gas cleaning
temperatures the mercury may remain as HgC or part of it may be oxidized to
ionic mercury [Hg(Il)]. Further, Hg® and/or Hg(ll) may be adsorbed onto
particles to form particle-bound mercury [Hg(p)]. The relative magnitude of HgC,
Hg(ll), and Hg(p) in flue gas is called the speciation of mercury.

e Mercury oxidization can result from gas-phase or gas-solid reactions
(heterogeneous reactions). Laboratory experiments and thermal-chemical
studies have implicated atomic chlorine (Cl-) and nitrogen oxide (NOz) as two
potential oxidizing agents. Thermal-chemical equilibrium studies indicate that
the preferred oxidation product is HgCl2 when sufficient chlorine is present in
the fuel or waste (i.e., when the concentration of chlorine is substantially higher
than the concentration of mercury in the flue gas). Fly ash and other surfaces
within the combustion system can catalyze or mediate mercury oxidization

reactions. Major factors that affect mercury speciation are the fuel (or waste)
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composition, the combustion conditions, and the type of flue gas cleaning
methods used.

e Various technologies within the same industry may generate different amounts
of atmospheric emissions of mercury. It can be generalized for conventional
thermal power plants that the plant design, particularly the burner
configuration, fly ash characteristics, etc., have an impact on the emissions.3

e The major parameters that determine the amount and characteristics of
mercury emitted to the atmosphere from high-temperature processes are the
amount and speciation of mercury entering the flue gas cleaning devices, the
type of flue gas cleaning devices used, the concentrations of other constituents
(chlorine, NOx), and the temperature at which the flue gas cleaning devices are
operated.

8.3.2 Available options

630. The options available for reducing mercury releases from various processes may
be organized in two categories: non-control-technology options, and control- technology
options.

631. The best-known non-control-technology options include such measures as:

¢ Conversion to natural gas, oil, or a non-fossil power generating technology;

o Improved energy efficiency (reductions of CO:2-emissions as foreseen in the
Kyoto Protocol to the UN Framework Convention on Climate Change are
expected to help reduce mercury emissions from fossil fuel power generation);

e Banning mercury in products;

e Taxes or other disincentives to the use of mercury in products; and

e Product labeling.

3 Cyclone- and pulverized coal- (PC) fired boilers both operate at temperatures that volatilise the mercury in
coal and convert it to Hg? in the high-temperature regions of the furnace. The difference in stack emissions
of mercury from these two types of units is probably due to the amount and characteristics of fly ash. In
cyclone-fired units most of the mineral matter is converted to slag, which is removed in a molten form in the
bottom of the combustion unit. A relatively small amount of the mineral matter is converted to fly ash,
which in turn contains a relatively small amount of unburned carbon. In PC-fired boilers, approximately 90
percent of the coal mineral matter is converted to fly ash. The use of low- NOx burners tends to increase the
amount of carbon in fly ash, increasing the amount of mercury that is adsorbed and subsequently captured
as Hg(p) in a downstream electrostatic precipitator (ESP) or fabric filter (FF).

A similar phenomenon has been observed in systems that burn municipal solid waste. Some
mass-burn-water-wall incinerators exhibit very good combustion and low fly ash carbon concentrations.
Well operated mass-burn units equipped with spray dryer and fabric filters (SD/FFs) exhibit little if any
mercury capture. Alternatively, US tests on one refuse-derived-fuel (RDF) combustor equipped with a
SD/FF exhibited mercury captures ranging from 96 to 99 percent. In a similar fashion, fluidized bed
incinerators typically emit relatively large amounts of fly ash with a high carbon content. While improved
mercury capture by fly ash sometimes correlates with low NOx emission, there does not appear to be a cause
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632. Banning and taxes are reasonably self-explanatory. Product labelling has
advantages and disadvantages, but has proven rather effective in some cases, in
combination with other measures. For example, in the case of consumer batteries,
consumers paid significant attention to labels concerning the content of mercury and
cadmium.

633. Control-technology options for reducing releases may be thought of in the
following three categories, which are further elaborated in the next section:

A. Pre-treatment measures;
B. Combustion modifications; and
C. Flue gas cleaning or end-of-pipe controls.

634. It should be noted that the descriptions of techniques and technologies for
emission reductions that follow are general, and not intended to prescribe methods or
equipment that should be used to control mercury releases from any specific site or
plant. The ultimate appropriateness and effectiveness of any given technique or
technology is site specific, and needs to take into consideration local circumstances.

8.3.3 Reducing mercury emissions from utility and non-utility boilers and incinerators*
A. Pre-treatment measures

635. Pre-treatment measures typically include coal washing, hand-sorting of waste
at an incinerator or disposal site, the production of refuse-derived fuel at an incinerator
site, or the separation of waste at a material recycling and handling facility.

B. Combustion modifications

636. Combustion modifications act to change the combustion process. These
modifications may be used to reduce mercury concentrations in the process flue gas, or
they may be used to change the characteristics of the flue gas stream so that mercury is
more easily captured in downstream flue gas cleaning equipment. The modifications
may include using technologies such as fluidized bed combustor, mass burn/waterwall
combustor, low-NOx burner, etc.

637. As an example, combustion modification-based low-NOx technologies should
reduce mercury emissions in the exhaust gases due to lower operating temperatures,
although very limited information on this technology makes it difficult to draw firm
conclusions. While some sources indicate that a reasonable reduction can be achieved,

and effect relationship between the flue gas concentration of NOx and mercury capture.
4 For considerably more detail about recent US developments in this field, the reader is invited to consult
US EPA (1998), Brown et al. (1999) and US EPA (2002).
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other preliminary results of staged combustion in atmospheric fluidized bed combustion
(AFBC) units indicated that low-NOx had little effect on trace element emissions.

638. Switching to the same type of fuel, but with lower mercury content, which does
not involve pretreatment, may also be considered a combustion modification.

639. Other examples of modifications that can potentially be used to improve capture
of mercury are combustion modification techniques that increase the carbon content and
subsequent mercury adsorption capacity of fly ash. Increased fly ash carbon content
occurs during the use of low-NOx burners or the use of a NOx control technology called
reburning. This results from fuel-rich regions within the combustion system. While
increased mercury capture has been shown to occur with increased fly ash carbon, this
phenomenon has not been used in commercial practice for the control of mercury
emissions, and it should be considered a potential control option that might be available
in the future.

C. Flue gas treatment (end-of-pipe) controls

640. Flue gas treatment, or end-of-pipe, controls are currently deployed for control of
SOz, NOx, and PM: SO controls include a variety of wet and dry scrubbers; NOx may be
controlled by selective catalytic or selective non-catalytic reduction; and PM may be
controlled by fabric filters (FFs) or electrostatic precipitators (ESPs). There has been
extensive testing of the mercury removable capabilities of these systems on a wide range
of coal-fired utility boilers in the USA. The average results ranged from 0 to 96 percent
dependent on a variety of factors as described in detail below. Generally speaking:

e A specific technology, or combination of technologies, produced a range of mercury
reduction for any coal type;

e The type of coal strongly affected the mercury control achieved, with average
percent removal increasing as coal “rank” increased from lignite through
subbituminous to bituminous. Within any given rank, a range of removals was
achieved. Note also that world coals represent a wider range of coal rank (e.g.
brown coal) and characteristics (e.g. sulfur, ash) than US coals.

641. Additional mercury control can be achieved by injection of a sorbent (carbon-
and/or calcium-based) prior to the flue gas treatment system. These technologies are
currently under development and demonstration in the USA, but are not yet
commercially deployed.

642. Research so far has indicated that the most cost-effective approach to mercury
control may be an integrated multipollutant (SO2, NOx, PM, and mercury) control
technology. A number of these technologies are in the pilot-scale development stage in
the USA, but have generally not yet been demonstrated at full-scale. Recent Swedish
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experience has demonstrated the economic as well as technical efficiency of such systems
in full-scale waste incinerators and utility burners (Hylander et al., 2002, as cited in
comments from Uppsala University, Sweden).

643. The potential impact of mercury control technology on by-product utilization
and/or disposal needs to be evaluated. For example, increased mercury concentration in
the gypsum collected in flue-gas scrubbers may exceed the level permitted in wallboard;
or an increased carbon content in the by-product may limit its use in aggregate used for
road surfacing. Furthermore, any by-product must be in a stable form for disposal if it
cannot be utilized. Either of these potential impacts would affect the cost-effectiveness of
the process.

644. The major mercury capture mechanisms include the adsorption of mercury onto
solid surfaces and the solvation of mercury in liquid scrubbers. Mercury can be
adsorbed onto fly ash or entrained sorbent particles for subsequent capture in
particulate matter (PM) control devices. Mercury can also be captured in packed beds
containing a variety of sorbents.

645. Distribution of mercury within the various streams of wet flue gas
desulfurisation (FGD) systems has been studied in a number of countries. These studies
have shown that mercury capture in wet FGD systems depends on the rank of coal
burned, and the design and operating conditions of the FGD system. Wet FGD scrubbers
were generally preceded by PM control devices (i.e., ESPs or FFs). The total amount of
mercury captured in a boiler equipped with a scrubber depended on the amount of
mercury captured in the upstream PM control device and the soluble Hg?+ captured by
the scrubber. Flue gas from the exhausts of units burning bituminous coals exhibited
higher levels of Hg?+ than flue gas from burning of lower rank coals; this mercury was
readily captured in the PM control device and downstream scrubber. Mercury in the
exhausts of units burning low rank coals tended to be Hg® and mercury capture in these
units tended to be minimal. The scrubber chemistry must also be controlled to insure
that Hg?+ that is dissolved in the scrubber liquor is not converted back to Hg® and
re-entrained in the flue gas. Scrubber sludges must also be handled in an
environmentally acceptable manner.

646. Pacyna reported that some wet FGD systems are unable to remove more than 30
percent of the mercury in the flue gas, but in general the removal efficiency ranges from
30 to 50 percent (Pacyna and Pacyna, 2000). Short-term tests in the USA have exhibited
emission reductions for units firing bituminous coals that range from 40 to 95 percent.
The best capture was found for a unit equipped with a FF and a wet limestone (a type of
FGD) scrubber.
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647. Soluble forms of mercury can be captured in wet scrubbers. Soluble forms of
mercury include mercuric chloride [Hg(Cl2)] and other ionic forms of mercury. HgC is
relatively insoluble in aqueous solutions and it must either be adsorbed onto a solid, or it
must be oxidized to an ionic form that can be captured by scrubbing. Wet FGD systems
used on units burning bituminous coal (which emit relatively more of the water soluble
ionic mercury) perform much better than do such systems on units burning
subbituminous coal (which emit relatively more non-soluble elemental mercury).

648. Major factors that affect mercury speciation are the fuel (or waste) composition,
the combustion conditions, and the type of flue gas cleaning methods used. Coal rank
and chlorine content are extremely important factors in the speciation and capture of
mercury with different types of air pollution control technologies. In the USA,
bituminous coals tend to have relatively high concentrations of chlorine (Cl). This can
result in the oxidization of Hg°® to Hg?* (primarily HgClz2). The Hg2* can be adsorbed
onto fly ash carbon and captured in an ESP or FF. Bituminous pulverized-coal (PC)
fired boilers equipped with an ESP or FF may exhibit total mercury captures ranging
from 20 percent to more than 90 percent. The higher levels of capture are believed to be
associated with a higher fly ash carbon content. However, carbon in fly ash can
negatively impact its use as a by-product in concrete, as well as negatively impact plant
heat rate. Units that burn bituminous coal, and that are equipped with dry flue gas
desulfurization (FGD) scrubbers or wet FGD scrubbers, also exhibit high levels of
mercury capture. In contrast, low rank US coals (subbituminous coal and lignite) are
alkaline, have a relatively low chlorine content, and have fly ash with a low carbon
content. Mercury in the exhausts of plants burning low rank coals tends to be
predominately Hg®. The capture of mercury from the flue gas from these plants tends
to be low, whether the units are equipped with an ESP, FF, dry FGD scrubber, or wet
FGD scrubber.

649. Conventional mercury measurement methods must be carefully performed to
effectively determine the critical speciation distribution (i.e., Hg%Hg?*). In addition,
continuous emission monitors (CEMS), intended to provide a direct determination of
either total Hg° and/or Hg® and Hg2* are currently under development and evaluation in
the field.

(2) Wet FGD systems

650. Distribution of mercury within various streams of the wet FGD system was
studied in a number of countries. The relatively low temperatures found in wet
scrubber systems helped many of the more volatile trace elements to condense from the
vapour phase and thus to be removed from the flue gases. Due to the special
characteristics of mercury, wet FGD facilities are sometimes unable to remove more than
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30 percent of the mercury in exhaust gases. In general, however, removal efficiency for
mercury ranges from 30 to 50 percent (Pacyna and Pacyna, 2000).

651. Removal of trace elements from exhaust gases by wet FGD systems has been
studied in the Netherlands, where only pulverized coal-fired dry-bottom boilers are used,
equipped with a high-efficiency electrostatic precipitator (ESP) and an FGD design that
consists of a wet lime/limestone-gypsum process with “prescrubber.” Mostly bituminous
coals (lower mercury content) imported mainly from the USA and Australia are burnt.
In one study the mercury concentration upstream of the FGD system was 3.4 g/m?3 and
downstream was 1.0 g/m3. The relative distribution of mercury among bottom ash,
collected pulverised-fuel ash and fly-ash in the flue gases and in the vapour phase was
about 10 percent on fine particles and about 90 percent in vapour phase. 87 percent of
the mercury content of the coal was released in the flue gases, and up to 70 percent of
that was removed by the wet FGD system. About 60 percent of mercury removal takes
place in the prescrubber and about 40 percent in the main scrubber. These mercury
removal stages are summarized in figure 8.2 below (Pacyna and Pacyna, 2000).

Pulverized - High-efficiency - FGD with wet - O
coal-fired dry- electrostatic lime/limestone-gypsum @)
. 87% L 78% 23%o
bottom boiler precipitator process
I Pre- Main
U scrubber  scrubber
U U
Residue Collected ash Residue Residue
13% 9% 33% 22%
Figure 8.2 Reducing mercury emissions with wet FGD systems
652. Mercury mass balances are difficult to make. They are dependent on equipment

configurations and operating conditions used at each individual site. For example, the
partitioning of mercury among bottom ash (residue), collected fly ash, scrubber residues,
and stack emissions may vary substantially depending on the coal rank, the boiler design,
plant operating conditions, and the flue gas cleaning methods used.

(2) Dry FGD systems

653. Retention of vapour phase mercury by spray dryers has been investigated in
Scandinavia and the USA for coal combustors and for incinerators. In summary, the
overall removal of mercury in various spray dry systems varied from about 35 to 85 percent.
The highest removal efficiencies were achieved in spray dry systems fitted with downstream
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fabric filters (Pacyna and Pacyna, 2000).

(3) Mercury-bearing particle emissions

654. Coal-fired power plants and municipal incinerators are most frequently equipped
with either electrostatic precipitators (ESPs) or fabric filters. ESPs are particularly
efficient in removing all types of particles with diameters larger than 0.01 m, including
those bearing mercury after condensation within exhaust gases. Particles containing trace
elements are concentrated mostly in two size ranges:

1) atca. 0.15 m diameter and 2) between 2 and 8 m diameter. Mercury can be found on
particles in both size ranges. ESPs can tolerate operating temperatures as high as 720 K
(Pacyna and Pacyna, 2000).

655. Fabric filters are also used in coal-fired power plants. The particle collection
efficiency (not the same as the mercury collection efficiency) is always very high, and even
for particles of 0.01 m diameter, exceeds 99 percent. However, the durability of fabric
filters is very dependent upon the working temperature and their resistance to chemical
attack by corrosive elements in exhaust gases. The temperature of exhaust gases often
exceeds the temperature tolerance for fabric filter material, and therefore limits the
application of fabric filters (Pacyna and Pacyna, 2000). According to comments from the US,
fabric filters capable of temperatures seen in coal-fired boilers are available in the US.

656.

D. Control of incinerator emissions

661. Various countries rely to a greater or lesser extent on controlled waste incineration,
which reduces the waste volume and (optimally) makes use of the energy contained in the
waste materials. Because of its low boiling point, most of the mercury content of the waste
evaporates during combustion, and is emitted directly to the atmosphere, unless the
exhaust gas is properly controlled. In many countries emission controls on waste
incinerators have been improved during the last decade, and this is reflected in decreased
emissions of mercury (AMAP, 2000). In units fitted with control technologies, Pirrone et al.
(2001) found that 35-85 percent of the mercury is removed by flue gas controls.

662. According to compliance tests recently conducted at 115 of the 167 large municipal
waste incinerators, MWIs, in the USA, the average and median mercury control efficiencies
for large MWIs were 91.5 percent and 94 percent, respectively. The average control
efficiency at each site was based on a 3-test average determined by measuring the total flue
gas concentration of mercury both before and after the control system at each site (injection
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of powdered activated carbon upstream of either a spray dryer and fabric filter baghouse, or
a spray dryer and electrostatic precipitator).

663. The mercury eliminated from exhaust gases is retained in incineration residues and,
for some types of filtering technology, in solid residues from wastewater treatment (from the
scrubbing process). These residues are generally sent to landfills or — depending upon
their content of hazardous materials and other characteristics — used for special
construction purposes (wallboard, roadbeds or similar). In some cases such solid residues
are stored in special deposits for hazardous waste, which are additionally secured with a
membrane or other cover that eliminates or reduces releases by evaporation and leaching
(Pacyna and Pacyna, 2000).

664. Typical control efficiencies for a municipal waste incinerator are shown in figure 8.5
below, and a greater range of common control measures in table 8.7. Note that additional
releases from deposited ashes and residues are not reflected in the figure.

High-efficiency
electrostatic precipitator
or fabric filter

Municipal | =
waste 100%

= Flue gas =
40-70% | desulfurisation |15-60%

y U y
collected ash residues
0%
30-60% 6-40%

Figure 8.5 Reducing mercury emissions from waste incinerators — typical efficiencies of key technologies
(based on Pirrone et al., 2001)
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Table 8.7 Efficiency of common mercury control technologies for incinerators (based on Pirrone et al.,

2001)
. . Control combinations, percent reduction of
Emission source and control technologies . : .
for inci mercury emissions, final concentration of
or incinerators :
mercury in effluent, etc.
Municipal waste incinerators (MWI) (@) emits higher levels of mercury and compounds
a) mass burn/waterwall (MB/WW) type of than other types of MWI
combustor (b)+(c) achieve 75% reduction, of which 50-70% by
b) high-efficiency electrostatic precipitator (b) (Bergstrom, 1983)
(ESP) (c) achieves typical 35-85% reduction, in the
c) spray dry FGD system higher range when supplemented by (d)
d) downstream fabric filter (“baghouse”)
Sewage sludge incinerators (a) emits lower levels of mercury to the atmosphere
a) fluidized bed (FB) combustor than other incinerators, and (b) emits more
b) multiple hearth (MH) technique mercury than most

Abbreviations: ESP - Electrostatic precipitator
FB - Fluidized bed
FGD - Flue gas desulfurization
MH - Multiple hearth
Note: This table does not include the use of activated carbon injection as a control option. However,
recent advances in the use of this technology are mentioned in previous paragraphs.

665. For comparison, figure 8.6 shows the behaviour of mercury in a specific Japanese
incinerator (data provided by the Republic of South Korea). According to measurements,
98.2 percent of the mercury in the waste moves to the emission gas treatment facility, and
only 2 percent remains in slag residues. Then, 14 percent of the mercury is removed by the
electrostatic precipitator and remains in the collected ash and 91 percent of the mercury
that passes the electrostatic precipitator (77 percent of total mercury) is removed by the gas
cleaning facility. Finally, 7 percent of the mercury originally contained in the waste is
emitted to the atmosphere.

Incinerator = Electrostatic = Gas cleaning
98.2% precipitator 84.3% | facility FGD
U U U
. Gas cleaning
Risg;l/ue Collected ash 13.9% water
o7 77.0%

Figure 8.6 Behaviour of mercury in a Japanese incinerator (Nakamura, 1994).
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8.5 Mercury control costs and effectiveness

707. While the costs of control technologies are highly variable, depending on the country
and location, local circumstances, availability of equipment and technicians, characteristics
of raw material being combusted or waste being incinerated etc., this section draws on
several key sources to provide some comparative estimates of these costs.

8.5.1 Costs of reducing mercury emissions from boilers and incinerators

¢ )

B. Mercury control costs for incinerators

712. Incinerators employ many of the same mercury control technologies used in utility
boilers. However, the cost structure is much different, so it is useful to present them in a
separate table, and to compare incinerator control costs with other incinerator control costs
rather than with utility boiler control costs. Once again, it should be kept in mind that the
costs calculated in table 8.13 assume that the entire cost of emission controls is allocated to
mercury alone, which is clearly not representative of the real world situation. Each of the
control options discussed in the table has some effect on greenhouse gases and other
emissions, and these effects must be taken into consideration before final decisions on
multi-pollutant control technologies are made.

713. In conclusion, the relative costs and mercury removal effectiveness of the most
common control technologies applied to incinerators are presented in table 8.14. In this
case activated carbon injection seems to clearly lead the field in cost effectiveness, although
its ability to remove other pollutants from the flue gas is greatly limited. It is therefore
combined with an electrostatic precipitator or a fabric filter.
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Table 8.13  Control technologies and cost effectiveness for incinerators (US EPA, 1997)

Source Mercury control Cost effectiveness Cost comments
technique
$US/g Hg removed Other indicators
Municipal |Material separation $3.19 $0.41/metric tons | Costs very community specific; results
waste (batteries) MSW shown based on one community's program.
combustor |Product substitution [see comment] [see comment] The potential for product substitutions
(MWC) (e. g., batteries, ther- requires that the specific circumstances of
mometers etc.) each situation be examined; general cost
estimates are not possible.
Activated carbon injec- $0.46 — 1.92 $0.77-3.85 metric | Costs assume an 85% reduction; the range
tion tons MSW of costs covers two model plants.
Costs equivalent to 1.3% (large unit) to
6.9% (small unit) calculated cost increase*
Carbon filter beds $1.13-2.39 $5.98-10.33/metric | Range of costs covers two model plants.
tons MSW
Polishing wet scrubber $3.52-7.31 $5.83-14.85/metric | Costs assume an 85 percent reduction;
tons MSW range of costs covers two model plants.
Medical Material separation less than $3.19 less than Costs vary on a site-specific basis; no costs
waste (batteries) [see comment] $0.41/metric tons | were available; cost effectiveness for a
incinerator MSW [see comment]| hospital program would be assumed to be
(MWI) better than for a community program.

Good combustion, wet
scrubber or dry
scrubber with carbon
injection

Switching with waste
segregation
Switching without
waste segregation

0.01-0.04% calcu-
lated cost increase*
0.02-0.09% calcu¥
lated cost increase*

For cost- effectiveness estimates for
individual facilities, the reader should
consult Hospital/ Medical/ Infectious Waste
Incinerators.: Background Information for
Promulgated Standards and Guidelines -
Regulatory Impact Analysis for New and
Existing Facilities (EPA- 453/ R- 97- 009b)

* “Calculated cost increase” is the estimated cost increase in the service or product to cover the cost of these emission

controls.

Abbreviation: MSW - municipal solid waste

Table 8.14 Cost-effectiveness of mercury control measures in waste incinerators (based on Pirrone et al.,
2001) (ton = metric ton)

Mercury Costs
Control option Removal Operation &
efficiency Investment maintenance
Municipal waste combustor (percent) ($US 1000/ton waste) ($US 1000/ton wastelyr)
capacity of MWC ~180 t/day | ~2000 t/day | ~180 t/day | ~2000 t/day
ESP only 10 n.a. n.a. n.a. n.a.
FF only 29 n.a. n.a. n.a. n.a.
ESP or FF + carbon filter bed 99 31.7 80.0 6.5 15.6
Activated carbon injection + ESP or FF | 50-90+ 0.3 0.8 0.25 1.3
Polishing wet scrubber + ESP or FF 85 10.3 22.9 1.9 4.9
Medical waste incinerator (percent) ($US 1000/ton waste) ($US 1000/ton wastelyr)
capacity of MWI ~60 kg/hr ~460 kg/hr | ~60 kg/hr | ~460 kg/hr

ESP only 10 n.a. n.a. n.a. n.a.
FF only 29 n.a. n.a. n.a. n.a.
Activated carbon injection + FF 50-90+ 56.5 127.0 89.0 84.0
Polishing wet scrubber + FF 85 400.0 400.0 100.0 100.0
Abbreviations: ESP - Electrostatic precipitator MWh - Megawatt-hours

FF -  Fabric filter (baghouse) MWC - Municipal waste combustor

FGD - Flue gas desulfurization MWI - Medical waste incinerator

SDA - Spray dryer absorber
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