Auto Body Refinishing

Presentation: Shane Cone
Delaware Division of Air Quality (DAQ)
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Note*

m The State of Delaware and DNREC does not endorse or recommend any commercial
products, processes, or services. The views and opinions of authors expressed do not
necessarily state or reflect those of the State of Delaware or any entity thereof, and they may
not be used for advertising or product endorsement purposes.
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Category Description

Emissions Inventory Improvement Project (EIIP) Volume lll, Chapter 13,

“Auto body refinishing is the repairing of worn or damaged automobiles, light
trucks, and other vehicles, and refers to any coating applications that occur
subsequent to those at original equipment manufacturer (OEM) assembly
plants. (Coating of new cars is not included in this category.) The majority of
these operations occur at small body shops that repair and refinish
automobiles. This category covers solvent emissions from the refinishing of
automobiles, including paint solvents, thinning solvents, and solvents used

for surface preparation and cleanup.”
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Federal Regulation Content

Coating Category Limit (Ib/gal)*
Pretreatment Wash Primer 6.5
Primer/Primer Surfacer 4.8
Primer Sealer 4.6
Single/2-Stage Topcoats 3
Topcoats of 3 or more stages 5.2
Multicolored Topcoats 5.7
Specialty Coatings 7
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Delaware Air Quality Regulations

Auto Specialty Ib VOC/gal
Vacuum metalizing basecoats 9.9
Texture coatings 9.5
Reflective argent coatings 5.9
Soft specialty coatings 5.9
Gloss Flatteners 6.4
Vacuum metalizing topcoats 6.4
Texture topcoats 6.4
Stencil Coatings 6.8
Adhesion primers 6.8
Ink pad printing coatings 6.8
Electrostatic prep coats 6.8
Resist coatings 6.8

Delaware admin code, title 7, 1124 sec. 12
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=
Old Method

m EIIP Volume lll, Chapter 13

m Estimates derived from:
1997 population
1998 Solvent data from Connecticut
1999 Coatings data from Texas

m Updated by Environ report for TX Natural Resource Conservation

Commission

Final Report AREA AND MOBILE SOURCE EMISSIONS INVENTORY TECHNICAL SUPPORT PROJECT
1990-2010 EMISSION INVENTORY TRENDS AND PROJECTIONS
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Environ 2001 report

Table 2.6-2. Emission factors used for estimating auto refinishing coating emissions.
Facility Size Classes

Very Small Small Medium Large Very Large Mega
Annual Revenue (S) <200k 200k - 400k 400k - 600k 600k - 1000k  S1.0to 2.4 MM  S$2.5 to 4.9 MM
No. of employees (5100k/employee) 1 2-3 4-6 7-9 10 - 24 > 24
Types of Coatings
(SCC Assignment) VOC Ibs/yr
PreCoat Primer (2401005600) 60 130 175 305 648 1411
Primer (2401005600) 115 255 310 755 1604 3492
Sealer (2401005600) 65 145 290 315 669 1457
Base Coat (2401005700) 125 290 485 735 1562 3399
Clear Coat (2401005700) 145 300 425 815 1732 3769
Other Products (2401005700) 100 240 340 605 1286 2798
Totals 610 1360 2025 3530 7501 16326
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Solvent Tool

m EPA and contractor created Access database tool
m Run using default settings
m Solvent Tool Emission Factor: 75.58 Ib/Employee
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DE Detailed Shop Data

m Area Sources group convinced each shop to send records of
purchased painting materials
Only a couple of suppliers in the state
Supplier provided printouts of monthly purchases, which were forwarded
to DAQ
m Delaware conducted statewide surveys of every auto body shop
In the state to follow up/ initiate data collection

m Records include all painting supplies/products that contain VOC,
iIncluding cleaning solvents
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DE Detailed Shop Data Cont.

m Delaware DAQ has a nearly complete record of all paint used in
category for the 2014 year

Out of 99 shops in the state, we have complete monthly records for 85
shops

m 7/ incomplete records (part of year reported)

m 7/ no records

81 reported their number of painters

m DAQ also asked each shop to report the number of painters at the
facility
More on this later...
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Let’s Compare Methodologies
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Solvent Tool vs Delaware Surveys for 2014

% change from

Method VOC Tons/year
Survey
Remember, Delaware’s
Delaware Surveys 33.4 100% 2014 data is surveys of
nearly every auto shop in
the state
EPA Solvent Tool 226.8 679%
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Solvent Tool Results (defaults for DE) - 2017

County VOC Tons/year “Each” — Employees Ig::;leoL?e%l;
Kent 60.5 1601 1524
New Castle 149.4 3952 3548
Sussex 38.2 1011 1107
Statewide 248.1 6563 6179

Tool (run 7/9/2019 on 6-10-2019 version)

D
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Number of Painters

m Goal: Find a metric than can be easily assessed (e.g. by future
surveys) and that predicts paint used
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Combine our data with DOL

m Delaware DAQ has access to The Delaware Department of Labor
business records

m Includes fields:
DOL ID number
Business name
DBA — doing business as
Business address
Place address
North American Industrial Classification Code (NAICS) code
Number of employees (each month)
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Problem: How to combine

m Business name is a very poor match (<20% of records)

m Business address works for some (~40-50%, using matching
algorithms and both business and place address)
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Trifacta Wrangler

m [ool used to clean and combine data (among other things)
m Saves a ton of time

m Made it possible to combine dirty, entered-by-hand dataset from
Area Sources with large (~30,000 rows) DOL dataset

m https://www.trifacta.com/products/wrangler-editions/
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Trifacta “Flows”

Flows
97° Autobody x DOL e_pl_addr Add Datasets

Joining datasets based on place address in DOL

Al

Mailing List — addresses am..  Mailing List — addresses am...

2014 Q3 DOL Data.xlsx/She..
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= JEE
Wrangler

E3 A-® B FIE - - | - ' d 3= ko

¥, phone_number

address_zip REC u—g{rm , &= phone_number A8 start_date Q) end_date

(T T [e— .

5,920 Categories 7 Categories B.303 Categones 2873 Cateqones Jun 2010 - Nav 2016
44121 midwast 4 2815/87,/86
15757 wast 28n13/12/89
west ] 2812/8%/83
midatlantic i 2618/61/62 2@813/a89/488
narthwest E 28714/12/26
northwest - 2076/18/81
west i Aug 13-2@13
narthwest 4 28711/81/83
west 2818 /88/1
midatlantic Dee 22-20158
south . 2812/18,)17
34688 south 2013/18/14
31876 northest Dec 18-2813
77055 southwest 2015/89/14
32839 south 2815/87/28
32181 narthest 2816/11/18 Show pattern details...
33422 west Dec 28 2015
19948 midatlantic Har B4 2814 Suggestions
29648 south 2812/18/88
34758 south 20713/87/18
18583 south | — 2B16/18/24

Split on values matching

Blue Skies Delaware; Clean A ir for Life



Column Histograms and Data Completeness

C {t @& nhtips//coud.trifacta.com/data/33968/121615

AUTOBODY X DOL »
Mailing List — addresses amended.xlsx/Mailing List — addresses amende — 2 ~
= |nitial Sample

- E1 A- B B frliar {b =

Business_Name Number_and_Street City_Town F Zip_Code

154 Categories 154 Categories 34 Categories 37 Categories
A-to-Z-Auto/Evco-Auto-Inc. 1212 -E.-15th Wilmington

A.R.-Myers-Corporation 1388 East-8th Wilmington

Accu-Body/ -Economy - Body - Shop 6681 Gov. -Printz Wilmington

Allen- (Auto)-Body-Works-Inc. 413-N. -Central- Laurel

Allison's-Auto-Body 2357 -PearsonCorner Dover

Al's-Auto-Service-Center 4881 -Washington- Wilmington

American- Auto-Body 71 -Meadow - New-Castle

American-Custom- Built-Cycles 18-Germay - Wilmington
American-Towing-and-Recovery 12-Peoples- Newark
Amer-Tech - Auto- Body 8-Hadco Wilmington
Auto-Body-Services, - Inc. 1868 -5 -Market Wilmington
Auto-Collision-Service 581-Churchman Mew-Castle
Auto-Collision-Service 2518-W.-2nd Wilmington
Auto-Collision-Service 413-N. -Bedford- Georgetown
Auto-Works-Collision-Center 27428 - Auto-Works Dagsboro
BE&B- Auto-Body 983 -Lambson -Lane New- Castle
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Details

RBC Number_and_Street

Valid 157  100%

Mismatched 0 0%
Missing 0 0%

Unique Values

m More detailed column info

m Shows info regarding data formats
and patterns in the data

m Great data exploration tool o s ool

Show pattern details...

{any } {delim}+{any}+

Suggestions
Split on values matching

"3 times

Delete columns

Number_and_Street

Rename

Rename Number_and_Street to ‘Number_and_Street’

Group by
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2014 AUTOBODY X DOL »

2014 Q3 DOL Data.xlsx/Sheet1 = 3+

L1 I

Av
Bv

2 -

A «b- B3 A- B B FhEF {1

Included Rows
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Excluded Rows

Run Job

Current
REC e_ui_addrl
Joined-in
rec Database Address
Fuzzy match
Ignore case
Ignore special characters

Ignore whitespace

Cancel Save and Continue




"
“Fuzzy Matching”

m [rifacta now uses a double the Double Metaphone matching
algorithm

m Great for common words
m Not useful for integer values
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Excel “Fuzzy Lookup” add-in

m Free Add-in for Excel
Created and distributed by Microsoft

m Uses Jaccard Similarity

Set intersection divided by set union

Ex: {a, b, c} and {a, c, d} have Jaccard similarity of 2/4 = 0.5
m Works quite well

Cut off around 0.6
Still need to manually verify low (and high) matches

https://www.microsoft.com/en-us/download/details.aspx?id=15011
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https://www.microsoft.com/en-us/download/details.aspx?id=15011

20147 20147 ~ 2014 7T¢ | 2014 1o ~

2558.53
150.07
1057.451
1532.98
807.517
1236.78
502.334
438.68
1561.44
35
2340.07
651.57
422,145
917.64
75.18
1937.45
428.42
364.85
17.65
303.04
245.27
5334452
455.56
567.95
2726.11
46.11
50.38

626.61
26.55
1149.559
215
2317
309.05
125.94

2558.53
150.07
1057.451
1532.98
807.517
1236.78
502.334
438.68
1561.44
5
2340.07

865.46
288.06
944.59
983.96
455.13

596.3
182.14
123.65
334.51
69.14
1803.87

651.57  152.25
422,145  288.37
917.64  606.58
100.24 15.76
193745  996.27
428.42 176.02
364.835 213.12
17.65 34.53
303.04 24594
245.27 245.35
5334.452 1751.852
455.56  438.82
567.95 456.08
2726.11 1361.82

46.11
50.38
626.61
26.55
1149.559
215
23.17
309.05

12594

177.95
59.51
1367.6
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28.62
133.74
473.16

15.12
503.06
1.92
15.215
216.65
63.58
81.08
64.82
649.94

865.46
288.06
944,99
983.96
455.13
596.3
182.14
129.65
334.51
69.14
1203.87
152.25
288.37
606.58
26.34667
996.27
176.02
213.12
37.66909
245,54
245.35
1751.852
438.82
456.08
1361.82
28.62
139.74
47316

Mumbe ~ | Database Address

R W R R

W R W e e e e R e N e e

2
3
1
2
1

23541
23547

13755
1238

13470

23520

5386

15821

0.8811

0.8474

Right Table:

Left Columns:

2014 Total Lbs. [ -
2014 Total Lbs. Calle oy L= =l

2014 Total Lbs. Calc
2014 Torals Gal.
2014 Totals Gal. Cal

Quput Columns:

Table1.DEID -
Table1Shops

Table1.County

Table1.2014 Total Lbs.

Table1.2014 Total Lbs, Calculated Count
Table1.2014 Total Lbs. Calculated

] Table1.2014 Totals Gal.

4 Table12014 Totals Gal. Caleulated Count
A Table12014 Totals Gal. Caleulated v

Number of Matches: 1

Similarity Threshold: ]

Undo | Configure..




m Like any join, select columns to use as
join key

m Data sources MUST BE named tables
(names ranges)
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Fuzzy Lookup Mot
Left Table: | v |
Right Table: [{EFEH v

Left Calumns: Right Columins:

2014 Total Lbs. ~ E?“QE g_trans_cd ~

2014 Total Lbs. Calc e_type_cov

2014 Total Lbs. Calc e_ui_addrl

2014 Totals Gal. e_ui_addr2

2014 Totals Gal. Cal &_ui_ci

2014 Totals Gal. Cal e_ui_state

Comments &_ui_zip

Complete? &_ui_zipn

Courty e_uiacct

Database Address e_wage_ind

DBID &_wages

Final_Employee &_year

Fuzzymatch v D v

Match Columns:

Left Calumns Right Calumns ~ Configuration

Database Add... [SEVEEL ul Default ~ | K

Ouput Columns:

[/] Table1.DBID A
[+] Table1Shops

[+] Table1.County

[] Table1.2014 Total Lbs.

Table1.2014 Total Lbs. Calculated Count
Tahle1.2014 Total Lbs. Calculated
Table1.2014 Totals Gal.

Table1.2014 Totals Gal. Calculated Count
[+] Table1.2014 Totals Gal. Calculated W

Mumber of Matches: 15

Similarity Threshold:

Unda Configure...

Go




m Like any join, select columns to use as
join key
m Data sources MUST BE named tables
(names ranges)
m Bottom half of panel
Choose columns to output
Choose number of matches (left join vs right
join)
Choose Jaccard Similarity Threshold
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Fuzzy Lookup Mot

Left Table: |

Right Table: |

Left Columins: Right Columns:
2014 Total Lbs. ~ g_trans_cd
2014 Total Lbs. Cal E?“QE _type_cov
2014 Total Lbs. Calc e_ui_addrl
2014 Totals Gal. e_ui_addr2
2014 Totals Gal. Cal e_ui_city
2014 Totals Gal. Cal e_ui_state
Comments &_ui_zip
Complete? i_zipoc
Courty e_uiacct
Database Addre e_wage_ind
DBID _wages
Final_Employee &_year
Fuzzymatch v D

Match Columns:

Left Calumns

Right Calumns

ase B = _Li_addrl

Configuration
Default

Ouput Columns:

~ |

[ Tabl=1.DBID

[+] Table1Shops

[+] Table1.County
Table1.2014 Total Lbs.

Table1.2014 Totals Gal.
Tahle1.2014 Totals Gal. Calc
Table1.2014 Totals Gal. Calc

Table1.2014 Total Lbs. Calculated Count
Tahle1.2014 Total Lbs. Caleul

lated

ulated Count
ulated

Mumber of Matches:

wﬂhnld;

1%

Unda Configure...




Carefully Check Matches!

Shops Database Address DOL Business Name DOL Address addr1 Jaccard Similarity
: A DOOR OF HOPE
pelaware “adlla® 3408 Lancaster Pike  PREGNANCY ~ >*07 HARGASTER 0.9573
y =hop CENTER INC
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Creating an Emission Factor
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Cleaning the data

m In some instances (less than half), not all months had reported
data, for either LBS VOC or GAL PAINT

m \When looking at both fields, if more than 12 reports were filed (i.e.
12 months of LBS VOC, or 6 months of each, etc.), a total annual
value was calculated

Summed field * 12 / (# of reported months)

m Significant number of missing / unmatchable businesses from our
database to DOL-supplied database
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Cleaning the data Pt. 2

m Any shop with paint data reported, but 0 employees
Changed employees to # of painters

Likely a one-man operation, and does nor report self in all months as
“employee” — ex. “Gene’s auto body shop”

In 2014-2016, 6 instances of DOL data as “0”
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Outliers

m Some car dealerships have huge employment
They also tend to have high VOC emissions

m Largest outliers — Vocational Technical High Schools
They tend to have very few emissions
Employment of ~700
Set Employment equal to number of painters
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Annual Pounds WO C
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=
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1000 1

50 100
Number Of Employees
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Descriptive Statistics

Annual Pounds VOC  Annual Gallons Paint Number of Painters g;ggs;gi
Min 2.2 1.9 1 1
1st Qu 255.2 161.9 1 3
Median 568 300.2 1 6
Mean 847 458 1.7 24.8
3rd Qu 1235 636.6 2 21
Max 3525 1741 5 141
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Model Fitting

m Partition data to Training and Test

m Remove Null observations

m Use Base R “Im” function to train model on Training data
mn=98
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Generalized Linear Model with Painters

Measure Value
MSE 657,262
RMSE 810.7
Mean Absolute Error 661
Median Absolute Error 531.6
R2 0.12

Blue Skies Delaware; Clean A ir for Life




Generalized Linear Model with Painters

Measure Value
MSE 657,262
RMSE 810.7
Mean Absolute Error 661
Median Absolute Error 531.6
R2 0.12

Turns out that modeling emissions based on painters alone is not a good option

Blue Skies Delaware; Clean A ir for Life




Generalized Linear Model with Employees

Measure Value
MSE 476,445
RMSE 690.2
Mean Absolute Error 550.78
Median Absolute Error 518.28
R? 0.33
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"
Generalized Linear Model with Employees
and Painters

Measure Value

MSE 483,250

RMSE 695

Mean Absolute Error 554

Median Absolute Error 520

R2 0.33
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Annual Pounds YV OC

30004

20004

10004

50 100
Number Of Employees
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Model Results (employees only)

Estimate std. error

(Intercept) 530.2489 133.6039

Final_Employee 12.0031 2.805941

Blue Skies Delaware; Clean A ir for Life




Linear Model Code

# Import packages
library(ggplot2)
library(repr)
library(dplyr)
library(caret)

options(repr.plot.width=4, repr.plot.height=4) # Set the initial plot area dimensions

AutoBody14_16 <- read.csv("Autobody Database Modeling ready 2014_2016.csv")
AutoBody14_16Trim <- AutoBody14_16[ , c("X2014.Total.Lbs..Calculated", "X2014.Totals.Gal..Calculated",
"Number.of.Painters", "Final_Employee")]

AutoBody14_16Model <- na.omit(AutoBody14_16Trim)

View(AutoBody14_16Model)

set.seed(1955)

## Randomly sample cases to create independent training and test data

partition = createDataPartition(AutoBody14_16Model[,"X2014.Total.Lbs..Calculated"], times = 1, p = 0.75, list =
FALSE)

training = AutoBody14_16Model[partition,] # Create the training sample

dim(training)

test = AutoBody14_16Model[-partition,] # Create the test sample

dim(test)

## define and fit the linear regression model

lin_mod = Im(X2014.Total.Lbs..Calculated ~ Number.of.Painters + Final_Employee, data = training)
summary(lin_mod)$coefficients

print_metrics(lin_mod, test, score, label ='X2014.Total.Lbs..Calculated’)

print_metrics = function(lin_mod, df, score, label){

resids = dff,label] - score

resids2 = resids**2

N = length(score)

r2 = as.character(round(summary(lin_mod)$r.squared, 4))

adj_r2 = as.character(round(summary(lin_mod)$adj.r.squared, 4))

cat(paste('Mean Square Error ="', as.character(round(sum(resids2)/N, 4)), \n'))
cat(paste('Root Mean Square Error ="', as.character(round(sqrt(sum(resids2)/N), 4)), \n'))
cat(paste('Mean Absolute Error ="', as.character(round(sum(abs(resids))/N, 4)), '\n'))

cat(paste('Median Absolute Error =", as.character(round(median(abs(resids)), 4)), \n"))
cat(paste('R*2 ='r12,'\n")

cat(paste('Adjusted R*2 ="' adj_r2, \n")

}

score = predict(lin_mod, newdata = test)

print_metrics(lin_mod, test, score, label ='X2014.Total.Lbs..Calculated')
hist_resids = function(df, score, label, bins = 10){

options(repr.plot.width=4, repr.plot.height=3) # Set the initial plot area dimensions
df$resids = dff,label] - score

bw = (max(df$resids) - min(df$resids))/(bins + 1)

ggplot(df, aes(resids)) +

geom_histogram(binwidth = bw, aes(y=..density..), alpha = 0.5) +
geom_density(aes(y=..density..), color = 'blue') +

xlab('Residual value') + ggtitle('Histogram of residuals')

}

hist_resids(test, score, label = 'X2014.Total.Lbs..Calculated')

#QQ plot of the residuals. A 1:1 line would indicate perfectly normally distributed residuals

resids_qq = function(df, score, label){
options(repr.plot.width=4, repr.plot.height=3.5) # Set the initial plot area dimensions
df$resids = dff,label] - score
ggplot() +
geom_qgq(data = df, aes(sample = resids)) +
ylab('Quantiles of residuals') + xlab('Quantiles of standard Normal') +
ggtitle('QQ plot of residual values')
}

resids_qq(test, score, label = 'X2014.Total.Lbs..Calculated")

==L0de also available on Github: https://github.com/microscone/Autobody-Emission-Factor

2
&
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Lessons Learned

m [his was an exercise in the importance of using a relational
database to keep track of data
Each shop is entered once, and given a primary key
If name changes, primary key stays same

If addresses change, ....
= Probably a new shop

Align datasets once — keep as foreign key

m Some shops were not in DOL data in some years...
Probably a case of mismatched names, addresses, etc.
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Going Forward

m This work shows that predicting any one auto refinishing shop’s
emissions is quite difficult

m Delaware is happy with outcome, as 2014 response was nearly
entire population of shops

m May have limited use outside of Delaware, especially for non-
Eastern region large states
Delaware has relatively few large shops

Our largest shops may not even qualify as “Large” in other states
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= S
Going Forward

m Employee Numbers

DOL Filter based on NAICS in Solvent Tool for 2014
s ~6,000

DOL Employee numbers for all facilities in DAQ 2014 Database
= ~3,000

Blue Skies Delaware; Clean A ir for Life



	Auto Body Refinishing
	Note*
	Category Description
	Federal Regulation Content
	Delaware Air Quality Regulations
	Old Method
	Environ 2001 report
	Solvent Tool
	DE Detailed Shop Data
	DE Detailed Shop Data Cont.
	Let’s Compare Methodologies
	Solvent Tool vs Delaware Surveys for 2014
	Solvent Tool Results (defaults for DE) - 2017
	Number of Painters
	Combine our data with DOL
	Problem: How to combine
	Trifacta Wrangler
	Trifacta “Flows”
	Wrangler
	Column Histograms and Data Completeness
	Slide Number 21
	Joining Data
	“Fuzzy Matching”
	Excel “Fuzzy Lookup” add-in
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Carefully Check Matches!
	Creating an Emission Factor
	Cleaning the data
	Cleaning the data Pt. 2
	Outliers
	Slide Number 33
	Descriptive Statistics
	Model Fitting
	Generalized Linear Model with Painters
	Generalized Linear Model with Painters
	Generalized Linear Model with Employees
	Generalized Linear Model with Employees and Painters
	Slide Number 40
	Model Results (employees only)
	Linear Model Code
	Lessons Learned
	Going Forward
	Going Forward

