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UMass Greenhouse Gas Emissions
_ Ludmilla Pavlova-Gillham Mohamad Farzinmoghadm



Develop a method for Scope 3 emissions
calculation related to employer passenger
vehicle commuting

Calculate UMass FY 2013 Scope 3 emissions

Document the process for future application



Database of parking permits and their holders

Database of individuals and their personnel type

Online geocoding Service

Online North America Routing Service



10,270 records in Excel, Provided with detailed information

1000
1001
1002
1003
1004
1005
1410
1416
1417
1418
1419
1432
1530
1556
1576

Employee 10 Palley Village Place Amherst
Employee 61 Woodbridge Terrace#6 South Hadley
Employee 221 Massachusetts Ave Boston
Employee 104 State Street Northampton
Employee 60 Patterson Avenue Springfield
Employee 112 SUNSET DRIVE SPRINGFIELD
Employee 280 Green River Road Greenfield
Employee West Leyden Rd Leyden
Employee West Leyden Rd Leyden
Employee 22 Salem Place Amherst
Employee 66 Gulf Road Belchertown
Employee 156 School St Greenfield
Employee 86 S PlainRd Sunderland
Employee 10A Hadley Rd. Sunderland
Employee 404 Alvord Place South Hadley
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SUM{Murmber of Records)

5,458




Personnel ID Personnel ID Personnel ID
FME
Home Address . PersonnelFype . FME Personnel Type
Lot Number Home Address Home Address
CarType Lot Number Lot Number
CarHype CarHype
X,Y HOME
X,Y PARKING
UNIASS HR e
ADDRESS LOCATORS
Personnel ID
PARKING LOT



DATABASE DATABASE

Personnel ID Personnel ID

Personnel Type NETWORK BUILDING  Personnel Type
& L
Home Address GISONLINE SERVICE ~ HOme Address e
Lot Number Lot Number ® °
DATA GENERATION
Car Type Car Type
X,Y HOME X,Y HOME
X,Y PARKING X,Y PARKING

Information about
shortest Distance in
JSON



FME FRAMEWORK (Parking and Address merging features)

b Attribu...eator 2 -

: IHPLIT
- b FeatureMerger - b StringSearcher b OUTPLT
“W REQUESTOR INPUT
= Featur. LIER51 p—F=  SUPPLIER b MATCHED
b COMPLETE b oMNOT MP.T% b Attribu,..eatar_3 e b Attribu..eper 5 -
b INCOMPLETE - IMPLIT - B INPUT
b EMPTY b b StringSearcher 2 - — b OUTRUT b @ Attribut. FUT 96
b REFEREMCED = = meUT
P UNREFERENCED: B> 7 TIATERED b Attrbu,..eator 4 -
b DUPLL..PRLIER b= b NOT_MATCHED B © — '
- INPLIT
b StringSearcher_3 -+ » QUTPLT
- PUT
b MATCHED

b MOT_MATCHED .—\_:.&ttrihu...eaturj @
IMNPUT

b QUTPUT



Max work days/employee = (52*5) — 15 = 245 days

Employees park on campus an average of 80% of the time
245 * 0.8 = 196 days



Max student study days = (32*5) — 5 = 155 days

Students park on campus an average of 80% of the time
155 * 0.8 = 124 days
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Student
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Annual_VMT Frequency

Total

Percentage

4,066 Miles

5,400 Miles

36770 Miles

22 Miles

24,179,160 Miles




24,179,160 Miles = times around the Earth
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Annual_VMT
150
200
250
300
350
400
450
500
750
1000
1252
1500
1750
2000
2500
3000
4000
5000
10000
15000

More
Total

Frequency
37
82

Percentage
0.64
1.42

15.89
19.67
17.20
10.36
0.71
0.55
5:25
2.95
351
2.18
1.43
1.11
2.56
1.69
2.16
1.86
2.87
0.86
5.18
100

303 Miles

1,877 Miles

18,253 Miles

13.48 Miles

10,872,154 Miles




10,872,154 Miles = times around the Earth
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SURMannual _vrT)
295
500,000
1,000,000
1,500,000
2,000,000
2,715 667




Annual_VMT
295

500,000
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Status
. Employee

Student

Map based on Longitude (generated) and Latitude (generated). Color shows details about Status. Size shows sumofAnnual_VMT. Details are shown for city.
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Sum of Annual_VMT for each ci




8.92 x 1073 metric tons CO,/gallon gasoline x
35,051,314 VMT (total) x

1/21.5 miles per gallon for car/truck average
Divided by

0.985 metric tons CO,/gallon gasoline

Energy of 760 Homes /year
Electricity of 2,210 Homes/year
34,333 Barrels of Oil/year

http://www.epa.gov/cleanenergy/energy-resources/calculator.html#results



EPA Optional Emissions from Commuting,
Business Travel and Product Transport -
Climate Leaders Greenhouse Gas Inventory
Protocol

Table 1: Emission Factors for Passenger Vehicle Business
Travel (vehicle-mile)

CH, Emission Factor | N,O Emission Factor

(g CH,/vehicle-mile)

0.519
0.167

Equation 1: Passenger
Vehicle Business Travel
Emissions (vehicle-mile)

2 + EFcyy * 0.021 +

where:

B Total COy-equivalent Emissions
VMT = Vehicle Miles Traveled

EF¢q> = CO, Emission Factor

EF¢yy = CH, Emission Factor

EFys0 = N;O Emission Factor

0.021 = Conversion Factor

0.310 Conversion Factor




Methodology for Calculating Air Travel Emissions



Dataset — Departmental and Individual

Hierarchy Level 4
Name

AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL
AMHERST TRAVEL

AMHERST TRAVEL

McCC

3000

3000

3000

3000

3000

3000

3000

3000

3000

3000

3000

3000

3000

3000

MCC Description
United Airlines
United Airlines
United Airlines
United Airlines
United Airlines
United Airlines
United Airlines
United Airlines
United Airlines
United Airlines
United Airlines
United Airlines
United Airlines

United Airlines

Sales
Tax

Source
Amount

-2575

-1500

-1250

-1082.36

-1082.36

-1082.36

-1082.36

-706.8

-706.8

-706.8

-706.8

-706.8

-706.8

-697.2

Transaction
Post Date

2/18/2013
4/5/2013
5/14/2013
10/19/2012
10/19/2012
10/19/2012
10/19/2012
4/20/2012
4/20/2012
4/20/2012
4/20/2012
4/20/2012
4/20/2012

2/15/2013

Depart
Travel Date

2/17/2013
3/10/2013
3/17/2013
10/27/2012
10/27/2012
10/29/2012
10/29/2012
4/26/2012
4/26/2012
4/26/2012
4/29/2012
4/29/2012
4/29/2012

2/7/2013

Dest
City

DEP
DEP
DEP
BDL
ORD
YUL
YYC
BDL
DCA
PHX
CLE
DEN
OAK

LAX

Fare Base
Y/AGYD
Y/AGYD
Y/AGYD
VA7FN
VA7FN
V7Q8TP
V7Q8TP
TXA7NJ
TXA7NJ
TXA7NJ
VA7KN
VA7KN
VA7KN

LA14FN

Orig City
HDQ
HDQ
HDQ
ORD
YYC
BDL
YUL
DCA
PHX
(0714
BDL
(07:1¢
DEN

YVR

Passenger Name
ADEPOSIT/A
ADEPOSIT/A
ADEPOSIT/A
LEE/PATRICK
LEE/PATRICK
LEE/PATRICK
LEE/PATRICK

BROWN/DEVON

BROWN/DEVON

BROWN/DEVON

BROWN/DEVON

BROWN/DEVON

BROWN/DEVON

MADAISKY/AARON

Service
Class

Y/
Y/
Y/

LA

Tkt Number
01623446664755
01623523121032
01623518347732
01671404678602
01671404678602
01671404678602
01671404678602
01670537284710
01670537284710
01670537284710
01670537284710
01670537284710
01670537284710

01623490236362

Metrics

-2575

-1500

-1250

-1082.36

-1082.36

-1082.36

-1082.36

-706.8

-706.8

-706.8

-706.8

-706.8

-706.8

-697.2



Dataset — Esri US Airports Map
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Campus Carbon Calculator (CO2 Emission factors)

Fiscal Year MMBtu / passenger mile kg CO, / mile kg CH; / mile kg N,O / mile
1990 0.004766563 0.915466074 9.21535E-06 1.05924E-05
1991 0.004536137 0.871210476 8.76986E-06 1.00803E-05
1992 0.004413371 0.84763205 8.53252E-06 9.80749E-06
1993 0.004457418 0.856091779 8.61768E-06 9.90537E-06
1994 0.004344826 0.834467317 8.4E-06 9.65517E-06
1995 0.004282079 0.819872594 8.27869E-06 9.51573E-06
1996 0.004095891 0.798821716 7.91872E-06 9.10198E-06
1997 0.004091169 0.797900734 7.90959E-06 9.09149E-06
1998 0.00388095 0.756901694 7.50317E-06 8.62433E-06
1999 0.004009144 0.781903342 7.75101E-06 8.90921E-06
2000 0.003892236 0.759102716 7.52499E-06 8.64941E-06
2001 0.003848188 0.750512019 7.43983E-06 8.55153E-06
2002 0.003607876 0.703644097 6.97523E-06 8.0175E-06
2003 0.003492953 0.681230677 6.75304E-06 7.76212E-06
2004 0.003407854 0.664633774 6.58852E-06 7.57301E-06
2005 0.003231973 0.630331682 6.24848E-06 7.18216E-06
2006 0.003141605 0.612707309 6.07377E-06 6.98135E-06
2007 0.003040058 0.59290244 5.87744E-06 6.75568E-06
2008 0.002936042 0.572616204 5.67635E-06 6.52454E-06
2009 0.002774477 0.541106325 5.36399E-06 6.16551E-06
2010 0.002690893 0.52480488 5.20239E-06 5.97976E-06
2011 0.002690893 0.52480488 5.20239E-06 5.97976E-06
2012 0.002690893 0.52480488 5.20239E-06 5.97976E-06

2013 0.002690893 0.52480488 5.20239E-06 5.97976E-06



Location
City:

Near (Alt.):
Name:

ICAQ / IATA:
FAA

Elevation:
Runways:
Longest:

Time
Time Zone:

Dataset — Great Circle Mapper

BDL - Airport
BDL

Detailed information for an airport code

Windsor Locks, Connecticut, United States
Hartford, Springfield

Bradley International Airport

KBDL / BDL

BDL

Airport (Part 139 Class [)

Public/Civil, International (customs port of entry)
41°56'21"N (41.939145)

72°41'00"W (-72.683370)

WGS 1984

173 ft (53 m)

3

9510 = 200 ft (2899 x 61 m), paved

UTG-5 (DST-4)
04 Dec 2013 12:43 EST

KBDL 0416512 00000KT 108M BKN120 BKM250 06/M02 A3010 RMK AD2 SLP193 TO0G11022
KBDL 041141Z 0412/0518 00000KT PESM FEWO030 BKN120

FM041700 00000KT PESM SCTOTO

FM050400 00000KT PGSM BKNO40

FM050800 00000KT 5SM BR BKN025

FM051100 VRBO3KT 35M -DZ BR BKNO10

« United States (US)
MGY: 11738 mi/ 18891 km
Margaret River, WA, AU

(all) beyond |0
Airport mi B

Heliport but within 100
Seaplane Base

Ultralight Flightpark any heading =

STOLport

Gliderport j

Home

Location

Details

Time

Weather

Related | ocations
Other Information
Airport Diagram
Sectional Chart
Satellite Image

Taxi Bradley
Airport
www.aaacab.net

All Airports No Local pay cash
Get 10% Off Bradley Int’l

Airport

Airport Diagram




PROJECT METHOD

CO2,CH4,N20 Calculation

b Attribu...over_2

INPUT Dep vs Ind EXCEL
b OUTPUT D‘I Using different Column for Date

Dep (col 6}, Ind {col 4)

b Year_of_Travel
Lo string.puT 74
String...HED 74
String...HED_77 P FeatureMerger 3
String...HED 71 REQUESTOR
String...HED_75 SUPPLIER
MERGED
NOT_MERGED
REFEREMCED

b Sheet...S¥RT] __b_\_LAth'ibu...amer B UNREFERENCED
LT DUPLL..PPLIER
b OUTPUT

Fiscal Year MMBtu / passenger mile

P Express,..aluator
INPUT
b CUTPUT E’
e

[+ Exxpress...ator_2

£ INPUT
b OUTPUT o
o
[» Express..ator_3
=% INpUT
p OUTPUT e
——

[+ Express...ator_4

= mpuT

b CUTPUT ,?-

[» Express..ator_6&

"‘E INPUT

P OUTPUT

kg CO, / mile

p CO2_Equivalent

INPUT
b OUTPUT

kg CH4 / mile

e

[

b MNewF...SKWI] |-

kg N0 / mile

1990 0.004766563
1991 0.004536137
1992 0.004413371
1993 0.004457418
1994 0.004344826
1995 0.004282079
1996 0.004095891
1997 0.004091169

0.915466074
0.871210476
0.84763205
0.856091779
0.834467317
0.819872594
0.798821716
0.797900734

9.21535E-06
8.76986E-06
8.53252E-06
8.61768E-06
8.4E-06
8.27869E-06
7.91872E-06
7.90959E-06

1.05924E-05
1.00803E-05
9.80749E-06
9.90537E-06
9.65517E-06
9.51573E-06
9.10198E-06
9.09149E-06




Airports Location using Great Circle Mapper (FME)

g http:/ f www.gcmap.com/airport/ATH - Original Source
File Edit Format
121 : <opti value="N">Seaplane and Helicopter (Beach)
122 : <opt value= sWeather Station
123 : <option v »Metropolitan Area
124 : <option v »Spaceport/Cosmodrome
125 : <option v *Railway Station
126 ; <option v »Bus Station
127 W *FIR
128 Z"»0ther
129 : < /
138 < pan=4>&nbsp;&nbsp; </td>
131 <t ap align=right>beyond <input type="text" name="BEYOND" size=5 value="8">»</td>
132 < pan=4>&nbsp;</td>
133 : < pan=2 valign=middle><select name="NEAR-UNITS"»
134 ; <optionsmi
135 : <optionsnm
136 ; <optionxkm
137 : </selectx</td>
138 : </tr>
139 : <tr><td nowrap align=rightrbut within <input type="text" name="WITHIN" size=5 value="188"></td></tr»
148 olspan=2 align=right»<select name="HEADING" size=1>
141 value="" selectedrany heading
142
143
144
145
146
147
148
149
158
151
152 ; <td colspan=2 align=right><input type="submit"” value="Find"></td>
153 : </tre</tablex</form></tds</tr>
154
155 ;| <tr><td nowrap colspan=4 class="secthdr”><br><a name="other":>Other Information</a></td></tr>
156 ; <tr valign=baseline><td colspar nowrapsMaps:<br><ul class="otherlist">
157 ; <liz<a hre mapui?P=ATH&amp;Ms=wls">Great Circle Mapper</a>
158 : <liz«<a href="http://maps.gcogle.com/maps?spn=0.043190,0.854762%amp ; t=h&amp;hl=endamp;11=37.936358,23.944467%amp ; fc=1">Google Maps satellite view</a>
159 ; <liz<a href="http://www.bing.com/maps/?cp=37.936358~23.09444678amp;1v1=11">Bing Maps</a>
168 : </uls</tds</tr>
161 : <tr valign=baseline><td colspan=4 nowrap>NOTAMs:<br><ul class="otherlist">
<1li>«<a href="https://pilotweb.nas.faa.gov/PilotWeb/notamRetrievalByICADACticn.do?
method=displayByICADs&amp; reportType=RANEamp; formatType=DOMESTICR&amp s retrievelocId=LGAVEamp; actionType=notamRetrievalByICAOs">FAA PilotWeb: NOTAM Retrieval</a>
<fuls</td></tr>

colspan=4xLinks:<br:<ul class="otherlist">
w.aia.gr/"swew.aia.gra/as
geourl.org/near?lat=37.9363588amp; long=23. 944467 " >GcURL: web sites near ATH</a>
<liz<a href="https://www.cia.gov/library/publications/the-world-factbook/gecs/gr.html">CIA: The World Factbook: Greece</a>
<fuls</tds</tr>
<tr valign=baseline><td colspan=4>Sources:<br><ul class="otherlist">
<1i»DAFIF&#174; (see <a href="/credits#airports.dafif">important details</a>) cycle 8610, effective 28&nbsp;Sepinbsp;2086&nbsp;- 25&nbsp;Octinbsp; 2006
<1i»NOAA <a href="htt weather.noaa.gov/">Internet Weather Source</a>
<liz<a href="http://skyvector.com/">SkyVector.com</a>
<fulx</Sftd></tr>




Air Travels (Airports-Origin)

1000 -~
900 -
e Baltimore/Washington International Airport 967 Flights
800 -
* ORD (Chicago O'Hare International Airport) 695 Flights
700 e BOS (Logan International Airport) 643 Flights
600 e PHL (Philadelphia International Airport) 581 Flights
e ATL (Jackson Atlanta International Airport) 553 Flights
500 -
400
300 -
200 -+
100 +
0 IO T e e e e e e e e T e T T T T T T T e e e T T T O e e e e T e T T O T T T e e e e e e e T T T e m

LIT

ORD
TPA
MCO
DFW
CMH
CHO
BUF
MCI
DTW
LAR
MSY
ACV
BMI
CVG
HPN
MSO
ELP
GTR
LFT
S
TRI
AVP
LGB
YYC
GVA
HAM
FUK
HEL
CDG
DOH
TBS
TNR
ATH
PSA
DEL
DAC
OosL
VKO
CMX
0Tz
CHA
NRN
MNL
LYS
FLR
BSB
cJu
KWL
BVB



1200

1000

800

600

400

200

Air Travels (Airports-Destination)

e Baltimore/Washington International Airport 1,004 Flights
e BOS (Logan International Airport) 756 Flights

¢ ORD (Chicago O'Hare International Airport) 700 Flights

e PHL (Philadelphia International Airport) 626 Flights

e ATL (Jackson Atlanta International Airport) 587 Flights
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Total Number of personal departmental Flights

Average GHG emission produced per person Air Travel

Median of GHG emission produced by each Air Travel

Max of GHG emission

Min of GHG emission

Total GHG emission from Air Travel
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CO,e produced by Air Travels

Tons CO,e
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CO,e produced by Air Travels
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