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Complexity of Combustion Emissions
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Combustion sources such as power plants, both gasoline and diesel powered engines are a complex mixture of compounds that range in physical and chemical composition.  If WE look at a speciated profile for diesel exhaust,  or more specifically in the particle-phase and IVOC/SVOC range - there is a small fraction of emissions that are speciated.  A large fraction of the emissions (about 87%) reported as an unresolved complex mixture.  

	

It would be very difficult to fully speciate OA coming out of a combustion source.  Furthermore, modeling SOA formation from these emissions is difficult because we don’t know what is coming out of the source, and even if we did, we wouldn’t have SOA yield data for most of these compounds. 



The next question to think about then is – how can we represent combustion emissions on a simpler level, particularly in the IVOC/SVOC range?  




! Old conceptual model
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! Revised conceptual model
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i Objectives of Research

= What iIs the volatility distribution of
fresh emissions?

= What is the effect of aging on primary
emissions?

= What are the implications for urban and
regional organic aerosol concentrations?
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Objective 1. Quantifying volatility
distributions

Dilution Sampler

Exhaust
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= Change T or Cg,
= Measure changes in partitioning
= Fit data to derive volatility distribution

Lipsky et al., ES&T, 2006
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Current methods to measure partitioning include the use of thermodenuders and dilution samplers (to change either the temperature or organic concentration of the emissions in order to measure changes in the partitioning) . Thermodenuders raise the temperature of emissions while concentrations of organics are diluted in dilution samplers by mixing with clean air.  Both methods use measured partitioning data and fit absorptive partitioning theory to obtain volatility distributions.


! Combining TD and Dilution Data
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Partitioning and POA Emission
Factors
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! Objective 2. Effects of aging

Experiments with increasingly complex mixtures

Single
components

® n-alkanes

® pbranched alkanes
® aromatics

® simple mixtures

11

Emission
Surrogates

—

Diluted exhaust

® motor oil (new & used) < diesel exhaust

® diesel fuel
*® mixtures of fuel & oil

® \wood smoke
® aircraft exhaust
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 In thinking about how we represent organic aerosol in the lab, the first broad category of precursors are single classes of organic compounds.  For example, alkanes, aromatics, and simple mixtures of these compounds. 



Stepping up in complexity, we can use organic material that might represent the compounds in real combustion emissions - or emission surrogates.  These emission surrogates contain a complex mixture of these single component compounds. 



Stepping up again in complexity, we can use actual diluted exhaust in our experiment, particularly with diesel exhaust and wood smoke. 






Aging of Wood Smoke Experimental Setup
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Wood smoke Aging Rapidly
Creates Lots of “SOA”
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Data from multiple wood smoke
aging experiments
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Wood smoke versus lab diesel

Wood smoke versus ambient
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n-alkane high NOx SOA yields
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! Yields are “high”
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SOA from IVOCs can be highly
oxygenated

K

Composition C15 SOA
OOA-like

0.15

Less oxidized

22;, 0.10 —_—
<
0.05 %
'{s‘*" ooy ¢hm~'*
0.00
5 6 2 3 4 5 6
1 10
-3
Cop (ngm )

(Presto et al. EST 2009 & 2010) CarnegieMellon 19



Objective 3. Regional and global
modeling to quantify organic aerosol

= Modifications
= Update inventory
= Added species
= Aging

= Critical inputs
= Volatility distribution
= Aging mechanism
= IVOC emissions

1 = Activity coefficients

OA (Average = 0.83 ug m™)

01
180°W 120°W  60°W 0° 60°E 120°E 180°W
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Example application for July 2001 intensive


e Gas-phase Reactions w/ OH

* koy =4 x 101 cm3 (molec s)?
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Updating Emission
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! Are there missing emissions?

Emissions Data
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! Summertime OA Predictions

Traditional _ _ Revised
Non-volatile POA Semivolatile POA Semivolatile + Aging

July 2001

Shrivastava et al. JGR 2008 Carnegie Mellon



! July 2001 OA
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! Wintertime OA Predictions

Traditional _ _ Revised
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! January 2002
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Revised model predicts a more
regional aerosol
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Oxygenated Organics Dominate In
Summer

Traditional Model Revised model
Non-Volatile POA Semivolatile + Aging

Traditional SOA Traditional SOA + Aged Primary
Total OA Total OA
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Revised Model and AMS OOA
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! Conclusions

= Primary emissions are semivolatile

= Aging of emissions create substantial
SOA

= Accounting for aging and partitioning
Improves predictions of CTMs

= Important implications for developing
control strategies
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