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- For the first two questions, we compare model estimates against
reported data from the 2010 Hazardous Air Polluant Information
Collection Request (HAPS) [2]
- For the third question, we focus on mercury emissions to the air
and compare against reported data from 2015 Mercury Continuous
Emissions Monitoring (CEMS) [3]

Modeling Trace Element Emissions
- An overview of the research questions and methods are shown
below:
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Estimating and comparing mercury emissions

- We perform a Monte Carlo analysis to estimate the TE emission
factor entering air, liquid, and solid,
for boiler b, TE t, and
phase ϕ in [mg/MWh] as follows:

Where
is a vector composed of all coal samples of rank, r, reported in
COALQUAL (CQ) in county, l. [4]

- We compare
to reported HAPS TE concentrations [ppm]
- 92%, 79%, 86%, and 38% of Hg, Se, As, and Cl of HAPS
distributions are completely contained within
leads to estimates of TE emissions with greater variance

Where

is the amount coal consumed by the boiler [tons]
is the generation the boiler [MWh].

, are the coal purchases made by the CFPP [tons] for the county, l, and
coal rank, r
Plant specific data are reported by the Energy Information Administration (EIA) [5-6]
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Note only 30 plants out of 150 and mercury and chlorine are shown for sake of visual clarity.

Removal of Trace Elements by Air Pollution Controls
- We compute the removal fraction from the literature, into phase, ϕ,
in study, st, for APC, a, and TE, t, as follows:

Where
and

is the emission exiting the APC(s) in phase ϕ [g/hr]

is the mass entering the APC(s) [g/hr].

- For comparison, we compare
to removal fraction in HAPS
- Wide range of APC removals in the literature and HAPS, due to
plant operation differences, regardless of TE.
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phase, ϕ
We run 10,000 trials, randomly sampling from

and

.

- We compare
against reported mercury emissions factor into
the air according to CEMS,
.
Monte Carlo n = 10000
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1. What is the concentration of TEs (Hg, Se, As, and Cl) in coal
consumed at each U.S. CFPP?
2. What is the removal fraction of TE by different air pollution
controls (APCs)?
3. How much TEs exit each CFPP in air, liquid, or solid phases?

- We aggregate the TE concentrations in coal [ppm],
and a CFPP, cfpp, as follows:

Hg removal fraction

- Coal-fired power plants (CFPPs) are a large source of human
health and environmental damages. [1]
- Amongst pollutants exiting CFPPs, some pollutants are
well-studied. However, trace elements (TE) are not well-studied.
- CFPPs can determine environmental compliance by: (1) Direct
measurement, which is too expensive, or (2) modeling
- We mitigate the gap in the literature by addressing the following
research questions:
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- We find that 16% and 80% of boilers have reported
within
the 25-75th percentile and 0-100th percentile of the
distribution, respectively.
- The comparison against CEMS suggests that lower mercury
concentrations in coal and higher removals are more likely to predict
reported mercury emissions.
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