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Combustion
The Oxidation of a Fuel to produce Heat

Exhaust




Complete Combustion

A Carbon C CO,
A Hydrogen C H,O

A Fuel C Fossil Fuels C Hydrocarbons

I ldeally, only emission products are CO, and H,O




Main Points

1. Nothing is Perfect




Incomplete Combustion

‘

A Partially Oxidized Emissions
I Carbon monoxide, CO

A Non-Oxidized Emissions
I Benzene, C;H;

— VOCs

—

A Nitrogen C NO + NO, = NO,
A Sulfur C SO,




Fuels

A Natural Gas C Methane, CH,
I Cleanest burning fossil fuel

A Gasoline

I Mixture of hydrocarbons
AC5 A C12
AOctane, CgH,q

ACoal

I Dirtiest of our fossil fuels
I On Average 135 Carbons per Molecule

typical gasoline - CgH4g







Main Points

1. Nothing is Perfect
2. More Complex the Fuel,

More Complex the Emissions




Tire-Derived Fuel

Table 1. Tire and Coal Elemental and Immediate
Analyses
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Mastral et al., Energy & Fuels, v. 14, pg. 275, 2000.



Pyrosynthesis

. CHe + CH,

Acetvlene

W |

Butadienyl

Naphthalene




Polycyclic Aromatic Hydrocarbons
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Figure 1. Total PAH (ug/kg) emitted in (a) coal and (b) tire
combustion (AFBC, 860 L/h, 20% excess oxygen) as a function
of combustion temperature.
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Main Points

1. Nothing is Perfect
2. More Complex the Fuel,

More Complex the Emissions
3. Conservation of Mass
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Main Points

1. Nothing is Perfect
2. More Complex the Fuel,

More Complex the Emissions
3. Conservation of Mass

» 4. Quantity vs. Toxicity
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Criteria Air Pollutants
SO,
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Present
400

300

Present Data taken from
200 eFACTS* for Crawford
County 2009

100

o | i CRE emissions data from
DEP Air Permit Application

.y *Pennsylvania Environment Facility Application Compliance Tracking System



Criteria Air Pollutants
PM10 VOCS

PM2.5

Present

Present

Present Data taken from
eFACTS* for Crawford
County 2009

CRE emissions data from
DEP Air Permit Application

*Pennsylvania Environment Facility Application Compliance Tracking System

oy



BACT

AiBest Available Contrr

A For this facility, applies to:
i SO,
0 PM
i NO,
ucCoO







