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OUTLINE

e Why do we care?

- U.S. oil and gas environmental expenditure
— Regulations

e Current Research Needs

— SOA Budget

— SOA Modeling

— SOA Formation

— SOA Complexity
— SOA Composition

e Summary
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e Ambient Air Measurements

 Environmental Chamber Experiments
— Nighttime chemistry
— Outdoor chamber

e Modeling

e Business Unit Support
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WHY DO WE CARE @
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WHY DO WE CARE - OIL & GAS ENVIRONMENTAL EXPENDITURE

Spending on the Environment per Business Sector since 1990’
1990 - 2014: Total Expenditures = $302.0 Billion

Refining: 51% | $154.4
ng: 51% | §154 Marketing: 7% | $20.7

* R&D and Corporate

Programs: 3% | £9.3

Exploration and
Production:
28% | $85.9
Transportation:
11% | $31.7

T Remadiation & Spills expenditures are poluded in the ssscior rumbens and are repocted data onby.
Thes rsmaaining Sechor expendiures are estimated for te eritiee industry

U.S. oil and gas industry environmental expenditures (1990-2014)

PHILLIPS

Environmental Expenditures by the U.S. Oil and Natural Gas Industry, American Petroleum Industry



WHY DO WE CARE - OIL & GAS ENVIRONMENTAL EXPENDITURE m

1990-2014 Environmental Expenditures by Medium’

{in billicns of dollars) Total Expenditures = $302 billion

Water: 21% | $63.2

Wastes: 7% | $21.8

Air: 43% | $128.7

Other:
15% | $46.4

» ) Remediation and Spills:
'Rameadiation & Spils expenditures ane raporbed data only 1 d
The remainirg expenditures ans astimabed for the ertine industng. % | $’d2

A majority of the investment - both historically and in 2014 - has focused on achieving reductions in airborne emissions

Environmental Expenditures by the U.S. Oil and Natural Gas Industry, American Petroleum Industry



WHY DO WE CARE - HISTORICAL PM STANDARDS
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Industry faces more and more challenges to meet compliances in a changing regulatory landscape



WHY DO WE CARE -AEROSOL COMPOSITION @

’ Chabogue Manchester, UK Hyytiala QUEST T , Garm
Pittsburgh, PA PSP, NY AN Edinburgh, Uk ['i'i'inllr]! [Summer) TORGHY, UK TR 2, UK Finland , Finland , Hll'l::w ] e
m

15pgm®  12pgm® 2.8 pgm® 3opgm’  S2pgm’  Opgm’  S3pgm’  Tepgm' 20ppm’  26ugm

7.0 ppim” . 4.2 pgim”®
Eq Mm\ﬁu N \ﬁﬂ\ \ a DA ‘sﬁl:
3 A ] = A 3\& | ‘ +70 &
g5 S : g ! VER
:U F oty . o il f ‘qg
' A3 : 8.9 pgim’
- 2.1 pgim ; HE-
e |
-2 i
. -
i : -
19 pgim Tygm' o
: - am
d y::
12 pgim” 16 ugm®
=4 ./}0’ =2
3t i
£ fzpgm’  43ugim’ 3pgm® ZBpgm’  BSpgm’®  15pgm’ 23ugim® 11 pgim® 13 pgim? 13pgm® 13 pgm’ ___E—
= f Fa
T Y Y Y I Y XXX Y XY
) 4 ] r - ey ¥ o y F b -
& . ¥ Fa

Houston Mexico City Duke Forest Off Coast ME Mace Head  Jungfraujoch Cheju istand Okinawa lsland Fukue ksland
T® NC us Ireland Switzertand Korsa Japan Japan

Organics [ Suiiete [ Mirst= [ Ammcniom [ Chiorids Urban Downwind Urban FRural - Remote

Organic material contributes significantly to PM, ; mass across the globe, and is least understood

Zhang et al. 2007 8
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WHY DO WE CARE - SECONDARY ORGANIC AEROSOL (SOA)

® Urban Inorganics: mm Sulfate m Nitrate m Chloride
@® Urban Downwind
® Remote Organics: | mm HOA mm Other OA m Total OOA m LV-OOA

Jimenez et al.,
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CURRENT RESEARCH NEEDS

SOA Modeling

1

SOA Formation

SOA Budget

SOA Complexity

!

SOA Composition

The black box is still there waiting to be opened little by little



CURRENT RESEARCH NEEDS - SOA BUDGET

SOA chemical production SOA lifetime
120 1 14 N
100 12
80 10
o 12 8
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Model Model

SOA formation/removal parameterization still needs to be improved

Tsigaridis et al. 2014 11




CURRENT RESEARCH NEEDS - SOA MODELING

Volkamer et al., 2006

100

TORCH 2003 NEAQS 2002
UK PBL US PBL

10

n

ACE-Asia 2001

MCMA 2003 free tropospher
polluted urban

measured = modelled

1 10 100 1000
Photochemical Age [hh]

Model can not reproduce the measured results

12



CURRENT RESEARCH NEEDS - SOA MODELING

MODELING SOA: 2-product Model
(APPROACH #1)

SOA Yields (%)

AMay Ko 4 N AMaskom, _ AM
1+ kom1AM 14k AM  AHC

SOA Mass Loading (ug/m?)

Chamber data provides direct modeling parameters (ay, kom1 .2, Kom,)

2-product model was used in most global/regional models, gas phase adsorption to particle surfaces is typically neglected

13

Odum et al. 1999




CURRENT RESEARCH NEEDS - SOA MODELING

MODELING SOA: Explicit Chemistry

(APPROACH #2)
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Need to increase partitioning coefficients by factor of 500 to match with the observed data

Johnson et al., 2006 14




CURRENT RESEARCH NEEDS - SOA MODELING

MODELING SOA: Volatility Basis Set
(APPROACH #3)
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Donahue et al., 2005 15




CURRENT RESEARCH NEEDS - SOA FORMATION m

Chamber Process: Vapor Wall Loss
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Chamber vapor wall loss could partially account for the disagreement between simulated and observed data

Zhang et al. 2015 16



CURRENT RESEARCH NEEDS - SOA FORMATION m

Reaction Pathway: Formation of Extremely Low Volatility Products

Mass spec from alpha-pinene ozonolysis
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Source and composition for non-volatile organic vapors that contribute to SOA formation was poorly understood

Ehn et al. 2014 17




CURRENT RESEARCH NEEDS - SOA FORMATION

Reaction Pathway: Heterogeneous Chemistry
— Pathway for small molecules to contribute to SOA formation

VOCs+OH —» 0\\ //0

HO OH O OH
HO OH ¢ H OH
Oligomers

aq o

Heterogeneous chemistry of glyoxal on acidic solutions leads to SOA formation through hydration and oligomerization

Gomez et al. 2014 18




CURRENT RESEARCH NEEDS - SOA FORMATION @

Isoprene Chemistry (IEPOX)
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Surratt et al., 2009



CURRENT RESEARCH NEEDS - SOA FORMATION

Biogenic and Anthropogenic Emission Interaction

—400. -80. Q. 10, 20, 100, 200, 400. &00. 1000. 2000, 3000. 7000,

pug/m?

(A) Modelled total column increase in SOA since the pre-industrial period
(B) Mass formed directly from anthropogenic SOA precursors

Enhancement of biogenic SOA through interaction with anthropogenic emissions

Hoyle et al. 2011 20




CURRENT RESEARCH NEEDS - DEAL WITH COMPLEXITY @
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Modeling performance for complex mixtures is poor when using the parameterization derived from single precursor
chamber experiments

Jathar et al. 2014 21




CURRENT RESEARCH NEEDS - MEASUREMENT OF COMPOSITION
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Hallquist et al. 2009 22




SUMMARY

1. SOA budget

e 2. Modeling of SOA

3. Fundamental understanding of processes leading to SOA formation

e 4, Dealing with complexity

e 5. Measurement of aerosol composition
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Back up slides




WHY DO WE CARE - FUEL REFORMULATIONS

PHILLIPS

U.S. Gasoline Requirements

Mantang

South Daehata

- Oxygenated Fuels
H c/rrG

I cAOXY RFG
I -7 cBe
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Bl o Fuels7.0 AVP
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- 5 RFG w/Ethanol S
onMobi
7.0 AVP
I 7 ave As of June 2015
7.8 AVP No 1 psi ETOH Allowance
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Mote: This map is not intended to provide legal advice or to be used as guidance for state andfor federal fuel requirements, mcluding but not imited to oxy fuel or RFG compliance requirements. AP makes no
representations or warranties, express or otherwise, as to the accuracy or completeness of this map.

Environmental effect of reformulated fuel
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CURRENT AND EMERGING ISSUES - SOA FORMATION

Isoprene Chemistry

Isoprene
Emission
mg/m2/day

[ 100-15¢
B - 150

Guenther et al., 2006

Isoprene is the most abundant non-methane hydrocarbon in the atmosphere
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CURRENT AND EMERGING ISSUES - SOA FORMATION

Gas-phase Particle Climate
emission & oxidation formation & growth effects
Biogenic O3
VoC OH
c
o .2 g
:? il
820  SOA
= D
' §_g
Anthropogenic QH
SO,  0OyCriegee
CN CCN (=100 nm)

Nano-CN (~1 nm)
Particle size

A schematic showing the role of ELVOC in the formation and growth of new particles, and their contribution to SOA in a
boreal forest region
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Hodzic et al. 2015



CURRENT RESEARCH NEEDS - SOA FORMATION

12

Isoprene Chemistry (IEPOX)
CMAQ new |IEPOX SOA

CMAQ original [IEPOX SOA
IEPOX OA PMF factor

ugC m3

| | fu‘f'

ll‘ V! "\ |IJ

| | | I I | I I I [
8/9 8/15 8121 827 972 95 98 9/14

Date 8/09-9/14 2011

Isoprene chemistry needs to be better addressed to more accurately predict the biogenic SOA formation using CMAQ

Karambelas et al. 2014 24°)
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