2

(oo Understanding Wintertime Air Pollution:

\\W} the Roles of Building Heating Emissions and Temperature

SR
v
A i 110 Cara Scalpone!#, Tracey Holloway'4, and Monica Harkey~
I Department of Atmospheric and Oceanic Sciences, University of Wisconsin (UW)-Madison; 2 Nelson Institute Center for Sustainability and the Global Environment, UW-Madison email: scalpone@wisc.edu
Background Key Result 1: Key Result 2:
| | Increase in maximum NOX emission rates Shift in monthly emissions to reflect local heating season
* Nitrogen oxides (NOx = NO + NO,) and /
' ' - Maximum Daily NOx Emission Rate (tons/da
oarticulate nitrate (pNO<, formed from NOX) Y ( y) Monthly Residential Heating % Change to Monthly  Difference in % Contribution
narm huma.n he?lth’ and often have peak Fixed Seasonal Daily Temperature-Based NOx Emissions (tons) Heating NOx Emission  to Total Anthropogenic NOXx
concentrations in cold weather months.' Allocation Allocation
- Burning fuels to heat homes emits NOXx, | Our Terxﬁ:cr;::?;:‘e-Based Temp.-Based - Seasonal Seasonal % - Temp.-Based %

and heating demand increases with

decreasing temperatures.
Jan.
Fig.c (TS 20002 TN
0 103 102 10° 100 10!
NOx Emissions (tons)
% Change in Maximum Daily NOx Emission Rate Mar.
« Home heating represent an important - - L
control on wintertime air quality, which ' e ’ | 'l"-\;'*;z ; =
. . . o ¢ # ' Max: : -
covaries with changes in atmospheric . . VA"‘“ ax =
properties and chemistry: . w .:/’,‘/"“ | il B
Sy e & o
¥ temperature, ™ NOX lifetime>* and ™ heating emissions s . # Oct. | {
s\. 5 ‘ % 1) N
V daylight, ¥ photolysis and * nocturnal chemistry~ o 1720 v 2\ Max: 73.9 1 L Max: 74.1% | o U A g
Min: -20.4% - > iy _::-] -: _ _ —
-:l | ' ' T
P stagnation and ¥ boundary layer height, 100 0O 200 400 600 800  >1000 O 103102107 10° 10" 102 -100 O 100 200 300 >400 -20 0 20
T concentrationss Fig. 7 Percent Change (%) Fig. 10 NOx Emissions (tons)  Fig. 11 Percent Change (%) Fig.12  Percent (%)
1 or ¢ NOx lifetime (depending on oxidative capacity) & HotClimateCity: & Cold Climate City:
Houston, TX Minneapolis, MN o o
| Implications and Future Work
/ \ >, 107 2,102 :
Research Aim 8 8 * \We will use our temperature- / \
S S dependent heating emissions TROPOMI NO, in counties with top-10
O Q ; . . . : : : .
Develop and evaluate an hourly emissions E £ Inventory in chemical transport highest contribution of home heating
3 3 1 ° . [ J
: - - - Z 100 Z 100 model simulations to Isolate the < 80
nventory (El) for reS|dent|.aI heating S W _ N—._1.1 V1o fact ¢ omics: £
emissions that reflects daily temperature- NOx Emission Rate (tons/day) NOx Emission Rate (tons/day) genizirlbletaiatelis e elilktlo iz, 05
based changes in heating demand. Fig.8 mmm Temp-Based Fig.9 mmm Temp.-Based temperature, and chemistry on >3 40 ,
\ / Fixed Seasonal /| Fixed Seasonal amblent Wlntertlme NOX and pNO3-o g %
: O &
* We expect our inventory to have the o =
Methods: Examples from Two Climates greatest Impact to peak NOXx x O T 50 T 100
concentrations during particularly \ Fig.13  Avg. Daily Max. Temp (°F) /
Temporal Allocation Methods: Annual Sum of Heating Degree Days (HDD) cold days In urban areas.
| -
Default Approach: Seasonally-Fixed Daily NOx * 7000 a CMAQ Scenario Description Emissions
= NEI Annual NOXx * Seasonal Scaling Factor Cold Climate City: T ;
J Minneapolis M,i]/ 5000 & Base Case Default heating EQUATES 2019
Our Approach: Temperature-Dependent Daily NOx 2 emissions
= NEI Annual NOx * Temp.-Based Scaling Factor * 5000 g HDD Case emperature-based EQUATES 2019 with
- L | C residential heatin temperature-based
. Daily Heating Degree Day (HDD) Hot Climate City: ERANTEEA 1000 < S £l P
Temp.-Based Scaling-——————o—o——— Houston, TX FIg- 3 1 ¥ 1™ g
Annual sum of HDDs Zero Heating Zero residential heating |[EQUATES 2019 with
NEI Annual Heating NOXx Daily Mean Temp. Temporal Scaling Factors Case cMissions zerqeq out heating
_ , . > - emissions
iy 4 | _ _ /. 0.020 Temp.-Based
&7 | M0z 20 e A L B e lh T il 118 2o Approach
s . 1. 2 O " | T = .
< LA N 2 O
il 1o - s -IC)((); | Fixed Seasonal
00 2 £ O L IL u [Approach J rSfca“for Acknowledgements
: 0 O O) lJ il elrerences
2 104 c I—E £ 0005 1N |] / i; This research was funded in part by a grant from the U.S. Environmental Protection Agency awarded to
W L _20- © ‘ ' iy N \ ,,|||L|, the University of Wisconsin-Madison. It has not been reviewed by the EPA. This research was supported
NN 102 O A 0000, U IV VY o AT by Audi settlement funds awarded to the Holloway Group by the State of Wisconsin. Continued research
Hax:z,162)) > ; \ Z _— ' I F M A M ] ] A S 0 N D by the author is supported by the National Science Foundation’s Graduate Research Fellowship Program.
2 : e O J, FMAMI ) ASOND . - We would like to thank the publicly available data from the U.S. EPA's EQUATES Project.
Fig. 2 Fig. 4 Date Fig. 5 Date




