/Ihb¢9obte{

EXECUTIVBUMMARY

I © = QY Y 1

2. THEPALOOYORIEUTURE......uuiiiiiiiieiieii e eeeime e e et e eet e e et e e e e meeeeeaan e e eeeens 3
2.1. Hectrifying All Energy Uses in Pennsylvania...........cccoooeeeiiiiiieni i eeevim 3
2.2. Higher Electric Demand, Even with Efficiency Measures..........cccoceeeevieeviciiiiiieeeeeeeeen, 3
2.3. Investing in Renewables RegIANIAE ............ccoiiiiiiiiiiiiiiie e 5
2.4. Zero Greenhouse Gas Emissions for Pennsylvania.............ccccccoeeviceeeiiiiiiii e 9
2.5. Lower Energy Expenditure witRenewables and Efficiency............cccccovveeiiiiiiciiiennn. 15

3. PENNSYLVANIBACKGROUND. .....ittttueeeettieeeetnimeeesnneesessnnsesessnnsesessnnmeessnnns 16
3.1, ENergy SECIOr OVEIVIEW........coeviiiiiii i e e e eeeeeiei e et e e e e e e e e er e e e e e e e et s e e e e e eeeeseenee 16
3.2. Renewable Energy and Energy Efficiency Progress........ccccovveeeiiieeeciiieee e eeeceeevinn, 27

4. HE.ECTRIFICATION GHANSPORTATION.....uitueeueerneeeneesmeneeeaneeeneeenneeaneeenneenns 35
4.1. Transportation in PENNSYIVANIA............cccooiiiiiiiiiiiee e 35
42. t Syyaet g yal Qa 9f SQUNAFAQL.OAZ2Y...9FF2NI3R G2 51
4.3. Electric Transportation Technology OPLiONS..........cceiieeeiiiiiiiiimeee e 40
4.4. Targets for EIeCtric TranSpOrtation..............uuiiiiiieiiiiieii e eeeeer e e e 43
T o[ Toy YA == 11 01V |2 TSR 45

S. BELECTRIFICATIONIBEATING......ccvuiiiiie it cee e 51
5.1. Residential and Commercial Space Heating............cccooeeviiiiiiieiiiieiiee e 51
5.2. Residential and Commercial Water Heating...............cooiiiieiiiiciiiie e 56
5.3. Other Residential and Commercial Electrificatian...............ccoovuiiiiiciiiiiin e, 57
o 0o [ 1S3 £ =TI =To (o T 59
55. t Syyaeft gryAl Qa 9f SQUNARFAQOL.LAZ2Y.. . 9FF2NlI62 G2 51
I T =1 (=Tod 1 o= 4[] o @] o] o] o L= 63

SynapseEnergyEconomikm;. Oy PAraA2yAy3d tSyyaet gl yilQ



5.7. Targets for Heating and Water Heating Electrification................cccccvvvie e, 65

5.8. POlICY PatNWays.......ccoo i 67
6. INCREASHENERGYEFFICIENCY.....cciiierrtuiieeeiienniime e eeernis e e e e ennn s emrn s 73
6.1. Pennsylvania Energy Efficiency POlICIES ..o 74
6.2. POlICY PAtNWaYS......ccco oo 82
7. PERMITTING ANBTINGENERGYNFRASTRUCTURE. .....ciiiiiirriiiiiieeesrimiis e e e eeennne 92
7.0, INEEICONNECHION. ... nr s 93
7.2. Pemitting and SItING........ccooiiiiiiiiiiiiiii e 97
APPENDDA: MODELINASSUMPTIONS ANAETHODOLOGY......ccvvvviueeeerenrriiimeeennnns Al
Overview of MethodolOgy..........ooouuiiiiiii e e Al
[ ToTo (Y [T qTo =TT U Ty o] o] 1 o] F= TSP A2
Multi-Sector Emissions Model (BBEM).........ime e A2
Electric sector REEDS MOdEL...........uuuiiiiiiee e A2
TEMPOTAl SCOPE....ceiiiiiiiiii ittt e e e e e e e e e e e e e e e e e e e e e e e e e st e e e e e e e e e e e eeeeeees A3
(€1=ToTs [ £=To] g T{oaSTolo] o 1= PP PP RTRRRPRTRTRTON A3
Caveats and data IMItatioNS..........cooooiiiiii s A3
Sales and energy effiCIENCY.........cciiiiiiiiiii e Ad
RENEWADIE ENEIGY....ciiiiiiiiiiiiiiiiiie et e e e e e e e e e e e e e e e e e e e e e e e eeeeeees Ad
NBEUFAL GATITICES. ..ttt e e e e e e e e e e e e e e e e e e e e e e e eeeeeeameensenneeeneneees A6
Recent and near term unit additioNS...........ooooiiiiiiiiiiiiiieii e A7
Unit retirements and environmental retrofitS.............cccocoiiiio e Al0
VA= 11T U] ] )11 1 RPN Al3
APPENDIB: JOBMODELINBAETHODOLOGY. .. ctueietuaernneeeeneeeimeeenneeeeneeennaeeennaaeens Bl

& Synapse Energy ECONOMICE;. OYBAAA2YAYd tSyyadt dtyAalQ




1. h+tow+L9:?2

Preventing dangerous climate change requires all communities around the world to do their part to end

the emission of greenhouse gases like carbon dioxide) (@ human activities. This study presents a

future in whichclean energy servdsf f 2 F t Sy y & & f @y2950thefeby adhigvinhE®d Yy SSRA
CQ emissions fromi K S acansuiinftiongof energy. To this erBynapse Energy Economics and EQ
Research havdesigned @ennsylvania 100 percent Renewabler & t-m n /£ wwf@ure in which the
followingtakes place

1 Increasing the efficiency of existing energy us&srong energy efficiency measures reduce the
use of electicity by existing endises, including lighng, refrigeration, and cooling. Electric
demand for these uses is reducbd 24 percent in Pennsylvantampared toa future with no
efficiency gains.

9 Electrification of non-electric energy consumptionAll transportation, space heating, water
heating,and industrial fossil fuel energy use is gradually converted to electric technologies over
the next few decadedThis electrification makes it possible to power Y@@cent of
t Syyaet glyial Qa SySNBHe& densfterstongdfigefcimeasuteSated Ly SOA
Lidzi Ayd2 LI I OS> tSyyaef gl yal Qahilditedirdcf dzasS 2F Sf
combustion of fossil fuels falls to zero

1 DNBSYyAy3d t Syyaet @300 adcoal add suSedd podfer pianishate been
retired, and 57ercent of all electricity generated in Pennsylvania comes from renewables. (The
remaining 43 percent of electric powkdNE RdzOSR Ay t Syyaef gryAl 0O2YSa
natural gas generatorandis exportedfor other state€)  JNo $ew natural gapower plants
are built in Pennsylvania after the last plant that is currently under construction is completed in
2018 and unlessadditional policies are enacted to close natural gas plants saotiey last
natural gas plant would cease operation in thetstaround 2068.

I Stimulating the growth of renewables regiowide: Pennsylvania matches every megawatt
hour (MWh) of electricity that it consumes with a purchase of a renewable energy certificate
(REG)ensuring that enoughenewablegeneration occurs within Pennsylvania ongarby
statestosupplyl £ £ 2F (GKS /2YY2ygSIt(iKQa ySGddher ¢ KS&asS
state cannot also use them for their own clean energy development. As a result, renewable
power generation capatyi in the wider region is 26 times higher in 2050 than it was in 2015.

SynapseEnergyEconomikm;. Oy @graArzyAray3da tSyyaat dlyil Qa



Just as it does today, in the future in eaclited modeled scenarig electricity produced in Pennsylvania

flows into a power pool for the greater PJM regiofihrough the purchase dioth in- and outof-state
RECdPennsylvania both finances and takes responsibility for renewable electric generation sufficient to

meet its energy needs. The remaining natural gas generation taking place in Pennsyivanetfiscit
exported to Pennsylvanl Qa Yy SAIKOo2NB ¢6K24S RSYFYR F2NJ OFNb2y L
to all CQemissions from power plants located in Pennsylvania will require eithethe retirement of

the last natural gas plant in Pennsylvania (this wandgpenaround 28 assuming &0-year lifetime

and no additional policy measureseaapediteretirement); or(2) the end of demand fo€Q-emitting

generation in the PJM region as a whole.

hdzNJ FylFfedaAra Aa NBAGNAROGSR (2 t Syyissohs@dmbarhim@a O2y &
fossil fuels. We have not addressed emissions from fossil fuel extraction, emissions freanergy

sources, upstream or lifeycle emissios) greenhouse gases other th&0, or emissions from biomass.

In this analysis, we compared different futures: one in which Pennsylvania continues on its current
carbonSYAGGAYy3 (GNIX2SO02NE 60GKS awSTFSNByOS¢ OFasSo FyR
carbonF NB S ¥ dzll dzNB L2 ¢ S NB R noe: wNeR\wiiktha adkilkddologysiokrdwna t !

and includes detailed electric sector modeling, this reports follows the intent of several studies by Mark

Z. Jacobson, Mark A. Delucchi, and other scholars at Stanford Unigersity.

We begin the study i€hapter 2 with a description of the stuty FA Y RAY 3a aAK2gAy3 | Fo
2F tSyyaet gdlyail Qa Sy SNHeChypes Ran exaifatioa & NFS/R &d & NGBy 2
current energy profileincludingthe/ 2 YY2y St f 1 KQa NBySgrofS SySNHeE |y
to date. Qapter4SELJX 2NB& t Syyaet dryal Qa 2LJiAz2ya FT2N St SO0
transition toE\s. In Chapteb, we review opportunities for electrification of space and water heating in

the residential and commercial sectors, as well adlehges for industrial end useSur analysis in

Chapteré demonstrates the impact of increased energy efficiency. Chapmovidesan assessmendf

permitting and siting issudacludingpolicy pathways for achieving the greatest impagnally, our

modeling assumptions and methodologies are readim anAppendixto the report.

1 The PIM power region includes all of Delaware, the District of Columbia, Maryland, New Jersey, Ohio, Pennsylvania, Virginia,
West Virginia, and parts of lllinois, Indiana, Michigan, North Carolina, Tennessee, and Kentucky. The PJM system operato
coordinates power generation to meet electric demand throughout the region.

2wl 0206482Yys ad %dS ad ! d 55t dzOOKA o SaentificdrmericatNovernbdrR00g;2 { dza G Ay o f
Jacobson, M. Z., M. A. Delucchi. 201 d¢t NE@GARAY 3 ff 3JIft206FLf SySNHE ALK SAYRI g1 i
SySNHeé NBaz2dz2NDSasx lidad yiAidaSa IBfidgy PANGBS, £154A869. A Y F NI & ( NHzOG dzZNB = |y
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2. C g mwn o :CGhve wo

Il FdzidzNBE Ay 6KAOK |ff 2F tSyyaeftgdlyialQa SySNHe yS
F2NJ GKS /2YY2y8SI t (K Giadessb&NHuge madelEir2tHikIstudy © Achiev® K | LG
100 percent renewable energy supply by 2050.

2.1. ElectrifyingAll Energy Usem Pennsylvania

Allfossil fuelnon-electric energy uses in Pennsylvania are electrified by 2050 in ti®B%RE case.

This mans that # transportation, space and water heating, industrial, commercial and resideistsl

are gradually converted to electric technologatartingtoday. @ wWnpnx ff 2F GKS / 2Y)
energy needs are served by electricity.

Figurel shows the energy consumed by sectors in Pennsylvania other than the electric sector. Note that
inthePAM AN E>w9 &O0SYFNAR2 O0GKS t2fA0e asméhanhddobnan YI NJ SR
electric energy consumption remains in the year 2050. This residual energy use is biomass consumption

in the industrial, commercial, and residential sectors. EIA, the source of this data, considers biomass

fuels to have zero greenhousg@s emissions.

Figurel. Non-electric energy use in Pennsylvania

2,500
6
=] 2,000
=%
£
2
c
8'§ 1,500 Transportation
E\ong Industrial
g 2
S = 1,000 Commercial
v =
5 m Residential
]
i 500
c
- ARR N

: H = BT B

Hist Hist Hist Ref 100% Ref 100% Ref 100% Ref 100%
1990 2000 2010 2020 2030 2040 2050

2.2. HigherElectric Demand, Even with Efficiency Measures

a4 GNYYAaALRZNIIFGA2Yy S KSFGAY3 FYR 20KSNJ SySNHeé dzaSa
growssteeply over timan the PA100%RE scenaribigure? depicts the large difference in electric sales
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between the Reference and P0%RE cases resulting from elditation of all fossifuel nonenergy
uses.

Figure2. Electric sales in Pennsylvania
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Electric technologies are typically more efficient than their4edgctric counterparts, so each conversion

saves on energyn additonwe asi dzy S G KI G t Syyaef @t y At MDchadigatiiyB y (i dza

and appliance useswill be made a little more efficient over time in the Reference scenario and much

more efficient in the PA00%RE policy scenarkigure3 showsthe impact of energy efficiency on

current usesf electricityin both the Referencecenario andinthe P n x> w9 a4 O0OSYy I NA2d ¢ KS

(No Energy Efficiencyrpjectory is basedonthe ®{ ® 9y SNH& LYy F2NXIGA2Y ! RYAY)
of growth of electric sales for the Pennsylvania, Maryland, and Delaware réfgigdghe Reference case,

we assume energy efficiency efforts increase at historical rates for Pennsylvania, reachimgatica

Al GAy3a 2F dpPo LISNOSyYyd 2SN -0RBRECdse weaSséimelendigy2 S O (1 2 N.
efficiency efforts are expanded more quickly to be consistent with the rates currently in place in states

with the strongest efficiency efforts. Thresults in a cumulative savings of 23.5 percent (compared to

no energy efficiency) by 2050, or tvemd-a-half times as much energy efficiency as is implemented in

the Reference case.

3 Annual Energy Outlook (AEED)15 Reference case

& Synapse Energy Economic;. OYyGBAaA2YAYy3d t Syyaadt dlyil Qa



Figure3. Impact of energy efficiency on crtant end uses
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2.3. Investing inRenewables RegiokVide

To meet this new, higher total electric demand while decreasing greenhouse gas emissions,

Pennsylvania purchases an increasing number-efate and outof-state RECs, and the composition of

electric gerrating resources in both Pennsylvania and the PIM region as a whole changes dramatically.
Coalfired power plants are retired more rapidly, no new natural gas power plants are built in the state,
FYR tSyyaetdlyil Qa NBY S| 106dd bévegn201D and 3050 (s8d LJ- OA G &
Figured). Through these REC purchases Pennsylvania pays for and takes ownership of renewable
generation throughout the PJkégion; remaining fossil fuel generation within the state is effectively

exported to neighboring states that still have a demand for it.

(8 Synapse Energy Economics. QY DBAAAR2YAYI tSyyast dryil Qa




Figure4. Electric generating capacity in Pennsylvania
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levels are shown for comparison.

t Syyaet dryAaAlQa St SOGNARO ISYSNI GAy3d OFLIOAGE F2NJ 2
solar PV grows rapidly the PA100%RE case (s&ablel).

Tablel. Electric generating capacity (GW): 2015 actual and 2050 in th& B®®RE scenario

2015 2050

Onshore Wind
Pennsylvania 1.4 9.2
PIM 5.2 36.3
Utility PV
Pennsylvania <0.1 50.4
PIM 1.6 141.5
Rooftop PV
Pennsylvania 0.3 22.5
PIM 1.6 44.4

Even the amount of renewables capacity built in B®®100%RE scenaribowever, is just a part of the
overall technical potential for these resources. Here, technical potential refers to the total possible
amount of energy that can be produced from a resource given geographic and system constraints, but
without any consideation of its economics. In the PEOO%RE scenario, wind capacity built by 2050
represents about 77 percent of the technical potential, rooftop solar PV represents 52 percent of the

-SynapseEnergyEconomilu:K;. Y DBAAAR2YAY I tSyyast dkyil Qa



technical potential, and utility solar PV capacity built represents jysréent of the technical
potential *

As depicted irFigureb, utility solar PV and wind farms built in the-RB0%RE case take up just a small

AKFNB 27T tt&taf ¥l aréadtheyakgestdieen circle). Similarly, rooftop solar PV uses only a

LI NI 2F GKS G20l f LRAIGSYdArt NB2F I NBF Ay GKS /2YY
currently occupied by residential, commercial, and industrial imastin Pennsylvania are included for

context.

Figure5. Land footprint taken by renewables in 2050
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By 2050, in the PAO0%REcenario57 percent of all electricity generated in Pennsylvania comes from
renewables (se€igure6). (The remaining 43 percedtt t Syyaeét g yAl Qa St SOGNRO
using natural gas and effectively exported out of state.) Pennsylvania gatienis not however, large
Sy2dzaK (2 alaArafFe GKS /2YY2ysSHft iKQa-100%RETasdF I NJ INB
(sales reach 510 TWh in 2050)

4 National Rnewable Energy Laboratory (NREEstimating Renewable Energy Economic Potential in the United States:
Methodology and Initial Resultsvww.nrel.gov/docs/fy150sti/64503.pdind "Rooftop Solarhdtovoltaic Technical Potential
in the United States: A Detailed Assessniantvw.nrel.gov/docs/fy160sti/65298.pdf
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Figure6. Electric generation in Pennsylvania
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Achieving complete dechonization in Pennsylvania by 2050 requires imported renewable generation
from other members of the PIM electric operation system. In both the Reference ahdPARE cases,
Pennsylvania exportessil fuelpower electricity to the rest of PJM. In the RB0%REase, however,
Pennsylvania becomes a big net importer: importing more renewgpblgered electricity than its export
of fossil fuelpower electricity (se€igure7).

Figure7. Net dectricity exports from and imports to Pennsylvania
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Note: In this figure, negative numbers indicate overall net imports of electricity to the state of Pennsylvania, whetieas posi
numbers indicate overall hexports of electricity from Pennsylvania to neighboring states.
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Just as it is today, in both of our scenarios, developers and utilities may build renewables anywhere

GKS tWa NBIA2Y G2 YSSG tSyyaeft dryAil daseNFeyidd 6t S L
for both electricity and RECs in the-P@0%RE case, Pennsylvania stakes a claim to much of the greater
AKINB 2F GKS NBIA2YyQa NBYSglrotS ISYSNIGA2YS FyR
new GW of renewables from 2010 to ZD® supply both Pennsylvania and the existing renewable

portfolio standards in other PJM statdsigure8 presents theémpact that the PALO0%RE scenario has

on thegrowth in renewable®ver time in thelargerPJM region as a whole. Pennsylvania buys 89

percent of all PIM RECs in the FA%RE case (compared to 24 percent in the Referencearade)

stimulates the growth of renewables throughout the regi@&y. 2050, dter states continue to rely on

natural gas for electricity generation. These states will need to implement policies like the kind used by
Pennsylvania in the PP00% case in order to further reduce the consumption of fossil fuels.

Figure8. Electric generation in PIJM
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2.4. ZeroGreenhouse Gas Emissiofts Pennsylvania

Overtime, all energy use in Pennsylvania is electrified and all electricity is generated by renewable
NE&a2dz2NODSad . & HnpnI YdzOK 27T tVilgoyhioagh Bothyhandeud Sy SNAE @
of-state purchases of renewableSigure9a K2 g a8 K2¢ GKS aKIFINBa 2F tSyyaet ¢
from various electric and nealectNA O FdzSf a2 dzZNDSa OKIy3aSa 20SNJI GAYSo
decreases by onthird as a result of endise electrification and energy efficiency measures.
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Figure9. Total energy consumption in Pennsylvania in the AR0%REcenario
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Note that although Pennsylvania continues to host-€Ritting natural gas generators through 2050,

GKS St SOGNAROAGE LINPRJIzOSR o6& tSyyaetgdlyAlQa NBYLIAY
Sufficient in and outof-state RECs apurchased to fully match the amount of electricity used by

Pennsylvanians offsetting emissions from the remaining&dtting sources. Because Pennsylvania

shares a jointly coordinated electric power pool with the other PIM states, either a change in the

demand forfossil fuelF A NBR St SOGNRO IASYSNI A2y Ay (GKS /2YY2Yys
policies directed at energy production would be required to ensure that Pennsylvania no longer hosts

emitting generators. Until that time, even in the BB0%RE scenario, energy extraction and production

facilities within Pennsylvania result in both direct emission of carbon dioxide and upstream emissions

from nonCQ greenhouse gases including methane.

t Syyaet @enysaidngXshown iRigurel0) are its:
9 emissions from noslectric energy sources, plus
9 emission from electric generation physically located in Pennsylvania, less
1 emissions exported alanwith exported electricity.

t Syyaet glyAal Qa LJzNOKFasS 2F w9/ a SyadaNBa GKIaG GKS
generation that it provides incentives for regardless of where they are located in the PJM region. As a

NB adz G t S yssian®fdll @omybkel 28GEmill®rYmetric tons in 2015 to zero in 2050 in the PA
100%REcenario

(8 Synapse Energy Economics. 9YOBAAAR2YAY 3 tSyyaad gk yAl Q&



Figurelod t Sy y & @G dthissiohsn@ritory
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Each of the strategies employed in the-PB0%RE case has a different impact onahssions that
would have occurred in the Reference case but are instead av@sged able2).

Table2. Share of 2050 CG@missions reductions (difference between Reference and FOR%RE cases)

Share of 2050 CO
reductions

Electric 28%
Renewables 25%
Electric energy efficiency 3%

Residential and Commercial 14%
Space heating electrification (heat pumps) 7%
Water heating electrification 3%
Other electrification 4%

Industrial 29%
Industrial electrification 29%

Transportation 29%
Motor gasoline electrification 14%
Other transportation electrification 13%
Airplane electrification 2%

Industrial electrificatioris ane of the largest single diérs of emission reductionby itselfthis measure

reduces emissions by nearly 30 percent compared to Reference case emissions. Other strategies that

achieve major emissions reductions include motor gasoline and other transportation electrification. Like
industrial electrification, these strategiescountfor especially large shared total emission reductions

becausethey impact endusesthat do not experiencsubstantial emision reductions in the Reference

case¢ KS awSySglofSaé¢ OFGSI2NE A& Itths 2ategoryfepedeBtS RNA O S

-SynapseEnergyEconomikm;. Y OBAAAR2YAY 3T tSyyaar gryAl Q&



both the instate renewables and RECs purchased to power existing electrigsesdand the emissions
displaced from newhglectrified sectors of the economy.

Electric sectodirectemissions of criteria pollutan{®ot including any upstream imptcfrom

extraction) including nitrogen oxides (NJsulfur dioxides (S§) and mercury (Hg) fall in both the
Reference and R200% RE scenarios (deigurell, Figurel2, andFigurel3). These pollutants have

been demonstrated to cause smogdiacid rain, as well as increased negative health effects, including
asthma and heart attacks. At the same time, water consumption and water withdrawals also decrease in
the PALOO%RE case (sEgurel4andFigurel5). All five of the environmental impactiepictedhere
showdramatic improvements even in the Reference scenario as a result of scheduled coal retirements
and environmental retrofits at power plants. Thesavironmental impacts areeducedevenmore

rapidly in the PALO0%RE scenario than in the Reference scenario.

Electrification of load at this scale could take decades at an aggressiveAsaaeesult, in the early

years of the study period, electrification of load outpaces the transformation of the power sector, and
criteria pollutant emissions increase. Thlisan unfortunate but temporary sideffect of the need for

rapid and comprehensive change at so many point sources. Despite the modest increase in electric
sector criteria pollutant emissions, these sources of lgagpresenting point sources of fosgiil
combustion across the stateare no longer emitting those same criteria pollutants at the point of use.

Figurell. NOcemissionsfrom Pennsylvani®a St SOGNR O &aSOG 2 NJ
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Note: Data in this figure only contains Nédnissions fronelectric generators. It does not include nissions from the
transportation,residential, commercial, or industrial sectofs a result, this figure does roptantify the significanNGx
emission reductions from nealectric sources, which together neakp around 80 percent of &lIOx emissions
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Figure12. SQ emissionsfrom Pennsylvani®a St SOGNKR O aS OG0 2 NJ
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Note: Data in this figure only contains S#nissions from electric generators. It does not includee8ssions from the
transportation,residential, commercial, or industrial sectors

Figurel3. Mercury (HQS YA & aA 2y & FTNRBY t SyyaetglryilQa StSOGNRO asSoiz
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Note: Data in this figure only contains mercury emissions from electreraens. It does not include mercury emissions from
the transportation residential, commercial, or industrial sectors
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Figurel4. Water withdrawalsin Pennsylvani 8 St SOGNR O aSOi 2 NJ
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Note: This figure does not include water witials associated with upstream uses, including hydraulic fracking.

Figurel5. Water consumptionin Pennsylvani®@ & St SOGNRA O aSOi 2 NJ
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2.5. LowerEnergy Expendituravith Renewablesand Efficiency

Energy expenditures are lower in the-RAO%RE case thamthe Reference case. Electsector and
fuel cost savings included in our modeling amount to $134 billion over the 20A@6® period, and $9
billion in 2050 alone in electric bill and fuel cost savings Fsgearel6).

Figurel6. Energy expenditures iRennsylvania
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The expenditures shown here include costs of building new electricity infrastructure in Pennsylvania,
costs of importing electricity to meet reliability, and fuel expenditures in the-eleatric sectors but the
cost of implementing new pdalies or technologies that result in decarbonization are limited in this
analysis to the costs of electric energy efficiency and renewables. For example, in the transportation
sector fuel and electric costs (including new renewables) are included but paltedtigher costs dE\s
and new norelectric infrastructure are not. This additional investment would have a clear cost, but
would also carry benefits because additional money spent to build new infrastructure to electrify the
transportation, heating anéhdustrial sectors and build new renewable resourcest modeled here
would stimulate the state and regional economy increasing economic value, tax revenue, and jobs.

At the same time Pennsylvanians save money on energy expenditures, they accrue thes loéjab

gains resulting from the RRO0%RE scenario. In comparison to the reference case, in th@PARE
scenario we calculate that between 2016 and 2050, Pennsylvania could see a net increase of nearly
500,000 jobyears or an average af4,300job-years per year during thstudy period® These jobs result
from new investment in renewables and energy efficiency.

51 4e8&lo Nduivaleat to the employment of one fefime worker for theperiod of one year
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3. t9bb{,[t"bYDwh! b5

Pennsylvania is a hotable energy producer, electricity exporter, and electricity market pidistez.

sixth most populous state with 12.8 million resideABennsylvania was the thiddrgest energy

producing state in the United States in 2013 behind Texas and Wyoming, producing 5,880 trillion BTU.
Pennsylvania is also the largest electricity expoim the nation, with nearly onhird of energy

generated exportedin-state electric consumption totaled 3,795 trillion BTU in 2813.

3.1. Energy Sector Overview

As presented ifrigurel?, the industrial sector is the largest energy user in Pennsylvaighlighting
the significant presence of energytensive industries in the state.

Figurel?. Penrsylvania energy use byestor (trillion BTU), 2013

930
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Commercial
= [ndustrial
= Transportation
630.8

1318.2
SourceEIAG ¢ 6f S ConyY ¢2GLHf 9ySNHE /2y&adzYLiiAzy: t NAOST FyR 9ELISYR

Greenhouse gasreissions

Most greenhouse gas emissions related to energy come freatradity generation, transportation, and
industrial uses in Pennsylvar{seeFigurel8). In its Draft Climate Change Action Plan, the Pennsylvania
Department of EnvironmentaProtection(PADEPkstimated 2012 gross greenhouse gas emissions at

6 U.SEnergy Information AdministratiofEIA® &t Sy y & &t @I yAkcested ANELE, 20065 5 | ¢
www.eia.gov/state/data.cfm?sid=PA#ConsumptionExpenditures.

9Ll @ awlylAYy3IEAY ¢20l tcesded BiAS 200 MBVRIdzgb/StagelfaEkings/PsideRAEseries/101

8 Pennsylvania Department of Environmerfabtection (PA DEP). 20I3raft 2015 Climate Change Action Rlan
www.portal.state.pa.us/portal/server.pt/document/1612924/draft_2015_chie change_action_plan_update_(PQ-
2015)_pdf

9 EIA Pennsylvania: Profile Data.
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287.38MMTCO2eThis wasin 11 percent decrease relative to 2000 due mainlgaidon emissions
from electric generatiorby coal being increasingly replaceadth natural gas:?

Figurel8. Pennsylvaniggreenhouse gas emissions by sector, 2015 (estimated
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SourcePennsylvania Department of EnvironmerRabtection Draft 2015 Climate Change Action Plan.

Energy poduction

Historically acoal mining state, Pennsylvampeoduced6 LIS NOSy i 2 F G KS YMoeA 2y Q&
recently, the widespreaddoption of hydraulic fracturing drillinggchniques has allowed drillers to gain
access to natural gas in the Marcellus and Utica doafeations. This harapidly propelled natural gas
production in Pennsylvania, which now trails only Texas in annual proddétion.

Electricity market

Pennsylvania was one of tfiest states to deregulate its electricity market and offer customers choice
in their electric generation supplier. Since then, more than 2 million customers have switched electric
generation suppliers, representing 86 percefindustrial custmers, 45 percent of commercial
customers, and 34 percent of residential customtrs.

Eleen investorowned electric distribution companies (EDCs) deliver electricity to most Pennsylvania
customers. Cooperatives and municipal syss provide service to several rural and urban areas. This

10pp DEMDraft 2015 Climate Change Action P@r\lote: Greenhouse gas emissions, which include a Forestry and Land Use
sector sink of 36.26 MMTCO2e, were estimated at 2Z53AMTCO2e.

HopLr o awlhylAy3ay /2F ¢ prilNg RodSWink daybav/statelsnkitys/?sitl=0ASefias/88R !

2910 awlyl1Ay3aY bl dzNF f AbdessedApriNg, S04SR t NP RdzOGA2YZ HAamn dé
www.eia.gov/state/rankings/?sid=PA#series/47.

13 Corbett, T2014.Energy = Jobs: Pennsylvania State Energy ®4an

(OF:
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includes 14 electric distribution cooperatives in Pervesyia and Sussex County, New Jersey serving
600,000 rural customer¥

The 11 investeowned EDCs regulated by the Pennsylvania Public Utility Comm({Bsi@hre:

Citizens' Electric Company

Duquesne Light Company

Metropolitan Edison Company (FirstEgey

Pennsylvania Electric Company (FirstEnergy)

Pennsylvania Power Company (FirstEnergy)

PPL Electric Utilities Corporation

PECO Energy Company (Exelon)

Pike County Light & Power Company (Orange & Rockland Utilities Inc.)

UGI Utilities Incc Electric Division

=A =4 =4 =4 =4 4 -4 -4 -4 -

Wellsboro Electric Company
' West Penn Power Company (FirstEneiyy)

Pennsylvania is wholly within the footprint tife PJM Interconnection, LLC, a regional transmission
organization that also serves all or part of &eéhre, Illinois, Indiana, Kentucky, Maryland, Michigan,
New Jersey, North Carolina, Ohio, Tennessee, Virginia, West Virginia, and the District of Columbia.
Headquartered in Valley ForgeefhsylvaniaPJM is one of the largest wholesale electricity markets
the world.

Electric gneration

Pennsylvania is the thifdrgest generator of electricity in the nation and currently has approximately
200 major electric generation facilitié& With nine nuclear reactors at five power plants, Pennsylvania
generated anajority of its electricity from nuclear power in 201%0ducingmore than any state except
for lllinois (seeFigurel9 and Figure20).1’ Coal and natural gas account for most of the balance of
electricity generation. Natural gas has grown from dhhercent of electric generation in 2000 to more

Yy Syyast OryAl wdNIt 9t SOGNRO ! aa20Al (i A2y decesSed Apfdl GAN20TB. / 2 2 LIS NI i
www.prea.com/Content/membercooperatives.asp.

15 PennsylvanigPublic Utilities Commission (PA PLROIL5.Electric Power Outlook for Pennsylvania
www.puc.pa.gov/General/publications_reports/pdf/EPO_2015.pdf.

16 pA DEFpraft 2015 Climate Change Action Plan
17Corbett, TPennsylvania State Energy Plan, 19.
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than 27 percent in 2015, ¥ coal declining from 57 percent of generation to just above 30 percent
during the same periaéf

Figurel9. Sources of electricaperation in Pennsylvania, 2002015
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Figure20. Pennsylvania electricityairces, 2015
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18 Corbdt, T, Pennsylvania State Energy Plan, 9.
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As shown in th@able3 below, coaled all generation sourceas recently as 2014 (the most recent year
for which complete data was availabia)terms of installed capacity (14.2 GW) and generation, leading
naturd gas (11.9 GW) and nuclear (9.6 GW).

Table3. Pennsylvania electricapacityand generation 2014

Source Capacity (MW) Generation (MWh)
Coal 14,214 78,985,629
Hydroelectric 893 2,641,157
Natural gas 11926 53,021,235
Nuclear 9,641 78,714,659
Other 20 900,134
Other biomass 459 1,904,224
Other gas 100 490,777
Petroleum 2,380 803,004
Pumped storage 1,583 (578,653)
Solar (UtilityScale) 42 62,392
Wind 1,334 3,564,730
Wood 121 549,077

Total 221,058,365

Source9 L! & a¢l of GNAO t26SNJ LYRdzAGNE /LI oAdnd & o0& tNRY
a¢lrotS py 9S8

ny u
GNAO t26SNI LYRdzZAGNE DSYySNI GA2Yy o6& t NAYIFNE 9ySN

O w»

As depicted irFigure21, while currentlycomprisinga small proportion of electricity generation,
renewable energgources are growing. Sy y a & f @ ajfive enerdy portfolio Statifarcequires

annual increases itihe proportion of electricity generated by alternative energy. In 2014, approximately
3.2 percent of electricity was generated from wind, water, and solar soufgesdditional 1.5 percent

comesfrom biomass, biogas, landfijas, and coal mine methar@

19pA PUC2016.2014 Annual Report: Alternative Energy Portfolio Standards Act of 2004
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Figure21. Renewable energy electricityegneration in Pennsylvania, 2002015
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The 258 MW of total solar PV installed in Pennsylvania ranks it 15th in the United%tadsgever, the

state ranked only 25th and 24th in 2014 and 2015, respectively, in terms of newityaadditions?

This indicateshat while originally a solar leader, Pennsylvania has recently been adding new solar
capacity at a slower rate than about half of all other states and will fall in the state rankings in the future
if recent trends continue.

Retail electric sales

Electric distribution companies and suppliers accounted for 97 percent of retail electric sales in 2014,
with cooperatives (2 percent) and municipal utilities (1 percent) contributing only a small portion of
total sales’? Electricityprices for residential ($0.1412/kWh) and industrial ($0.0693) customers are
slightly higher than the U.S. average, whereas commercial ($0.093/kWh) customers pay slightly below
the national averagé® As shown irFigure22, the residential and commercial sectors each account for a

00 2¢1 NJ 9YSNHE Ly RdzalNKSa Accesse Qpvil 18, RGN seintor§/stafeiold G YAl { 2 | NIDé
policy/pennsyania.

21 GTM Researct2016.U.S. Solar Market Insight: 2015 Y-@aReview Executive Summary, 9.

29110 ¢loftS po wSihkAft 9t SO0 NKodFsatdprifls, 0@ {GF GA&GAOET HAMNDY t
www.eia.gov/electricity/state/pennsylvania/.

2?’EIA Pennsylvania: Profile Data.
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slightly higher proportion of retail sales than the industrial sector, which consumes most of its energy
from other energy soices.

Figure22. Pennsylvania electricity sales bgaor, 2014
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Source9 L! & &a{GFGS 9ySNHe 514Gl {2aliSyodé

Distributed generation

While not yet a substantial proportion of electricity generated in Pennsylvania, distributed gemera
capacity hagrown steadily in recent years. The vast majority of the 220 MW ofrretered distributed
generation systems are solar PV, with only 1 MW of distributed wind and 32 MW of other distributed
energy resources in Pennsylvania. Specifidiire were 9,578 solar net metering customers with a

total of 188 MW of capacity through the end of 2015 (ségure23). ElAestimates distributed PV

generated more than 217,500 MWh in 20350f the installeddistributed generatiorPV capacity at the

end of 2015, approximately 34 percent is located at residential customer sites, 44 percent at commercial
sites, and 21 percent at industrial sites.

229 L1 @ a@ANY RSN At SR RI (Acoess¢dprit 18,20 18ww Bid. goweretticiy/data/eias26/.
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Figure23. Solar PV net metering capacity in Pennsylvania
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Commercial and residential energy use

Space heating (50 percent) and cooling (3 percent)veattgr heating (15 percent) are responsible for a
majority of electricity used in Pennsylvania homes, with the remainder used by appliances and
lighting2° Slightly more than half of Pennsylvania households used natural gas as their primary home
heating fuelin 2013, while 22 percent use electric heating, 18 percent use fuel oil, and 4 percent use
liquid petroleum gases (sddgure24).26 Electricity is theprimary energy source used to cool
households, with 56 percent using central air conditioning andtbird using individual window/wall
units 2’

P9L1 o 61 2dzaSK2fR 9ySNHe !asS 01¢ t Syyaetdryil oé 10
www.eia.gov/consumption/residentialéports/2009/state_briefs/pdf/pa.pdf.

I LINQ £

O«
u»
ax
Q)
u»
puls

26EIA Pennsylvania: Profile Data.
27 pA DEMDraft 2015 Climate Change Action Pl
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Figure24. Residential heating and cooling in Pennsylvania homes
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Pennsylvania using the fuel as the primary source for heating and cooling.

Combining a U.S. average for commercial buildftaysd aPennsylvanispecific average for the
residential secto?approximately 20 percent of space heating and 31 percent of water heating is
already electrified® Beyond space conditioning and water heating, most othereses in residential

and commercial bldings are fully electrified. The major exceptions to this are cooking in both sectors,
and clothes drying to a lesser extent in the residential sector.

Industrial sector

Industrial energy use can be broken down into fossil fuel combustion, industrieésses, coal mining,
and natural gas and oil system activities.

In 2013, 16.7 percent of energy consumption in the industrial sector was powered using retail electricity
sales, with naturagas (35ercent), coal (22 percent), and petroleum fuels (22 pattmaking up the
majority of industrial energy use (s&égure25).3! Energyintensive industries in the state include
agriculture; mining; aluminunsteel and relatedheavy manufacturing; forest products; and tourism.

BgL1 ® 4/ 2YYSNDALIE 9ySNHEE / 2142018 divieia gov/dordaNiptdicornmelcid/OS 5 8 SR | LINA €
299 L1 & & wSESNESY 7 AR2HyTE doY LddessedyApri| 1dzNIA Gvindeia. gov/consumption/residentiall.
30The averages are calculated on a weighted basis based on the relative energy consumption of each sector.

BlgL1 o ¢l o6tS /¢cY Ly Rdz Edifdtes, 1968 Oid ME 9y SNHE / 2y adzYLiiA2y
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Figure25. Pennsylvaniaridustrial sector energyconsumption, 2013
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Accordirg to the Statewide Evaluator Team, which conducts monitoring, verification, and assessments
related to electric distribution company energy efficiency and conservation programs in Pennsylvania,
the industrialsector has a technical energy savings potemtd3 percent by 2020, and 24.6 percent by
2025, relative to 201682

Transportation

The primaryenergy source fueling transportation needs in Pennsylvania is petroleum, which accounts
for 95 percent of energy use in the transportation sectbin 2013, thee were 98.3 million vehicle
miles traveled in Pennsylvania, ranking ninth in the United Sites

t Syyast gl yAl (nEastiublirefpdudisNG I G A 2 y

1 23interstate highways totaling 1,953 miles crossing through the state, accounting for 24
percent of & vehicle traffic>®

f 3,874 gas stations in 209

32 statewide Evaluation Tear®015.Energy Efficiency Potential Study for Pennsylvaitia
33 Corbett,T,Pennsylvania State Energy Plan, 38.

34EIA,PennsyIvania: Profile Data

35Corbett, TPennsylvania State Energy Plan, 49.

36 EIA Pennsylvania: Profile Data
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9 Six international airports and 15 scheduled service airports in Pennsylvania, resulting in
more than 20 millia departing passengers and approximately 1.2 million metric tons of

cargo every yeat!
9 5,000miles of railroads® and

1 Adeepwater port in Philadelphia (4th largest in the United States for handling imported
goods), an inland port in Pittsburgh, and a Great Lakes port if¥Erie.

Between 2015 and 2030, enerdga S Ay t Syyaeét g yokis eQpected téddefraasdboli | G A 2 y
0.52 percent each year due to increasing federal fuel economy regulations fedlighvehicles©

Furthermore the Pennsylvania Clean Vehicles Prograquires that new vehicles loertified by the

California Air Resourc&vard,the requirementsof whichincludegreenhouse gastandards in addition

to other air pollutants.

As shown irFigure26, almost all of the energy poweririgansporiation uses in Pennsylvania aterived
from petroleum, with small portions from natural gas and electricity.

Figure26. Transportation fuels onsumed in Pennsylvania, 2013 (trillion BTU)
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37Corbett, TPennsylvania State Energy Plan, 50.
38 Corbett, TPennsylvania State Energy Plah,

39Corbett, TPennsylvania State Energy Plan, 51.
40pA DEMDraft 2015 Climate Change Action Pig2,
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3.2. Renewable Energy and Energy Efficiency Progress

Pennsylvanidas already taken important first steps to increase its use of renewable energy and energy
efficiency. While there is more work to be done, these foundational policies offer a stadinggmd a
dza S¥dzZf LRt AOE FTNIYSE2N] F2NI I OOSEtSNIdGAy3a GKS adl

Renewable aergy

In November 2004, Pennsylvania enacted the Alternative Energy Portfolio Standard (AEPS). AEPS

requires eaclEDC and electric generation supplier étail electric customers in Pennsylvania to supply

specific amounts of electricity sourced from alternative energy each year, with an end target of 18
percentbytheJune2020a | @ HAHM O2YLIX ALYy OS @SIFENI 64/, HAHMEDL D
percent must come from solar PV, 8 percent must come from Tier | sources (including the solar PV
carveout), and at least 1Ppercentmust come from Tier Il sources.

Tier | alternative energy sources include solar PV, solar thermal, windnlpact hydrgpower,
geothermalelectric biomass, biologically derived methagas (anaerobic digestion), fuel cells, and coal
mine methane. Tier Il alternative energy sources include waste coal, distributed generation systems,
demandside management, largecale hydrpower, municipal solid wastegeneration of electricity

utilizing byproducts ofthe pulping process and wood manufacturing process, and integrated combined
coal gasification technolog$/ t SIF N¥ @2 y2d Fff &l ft SNyl GADSér SySNB&
Tier 1l resources undéne AEPS are renewable, environmentally sustainable resoufogsnstance,

waste coal and coal mine methane quafify the AEPS, as do facilities that may use natural gas such as
fuel cells, small cogeneration aimtustrial blast furnaces. Likewise, pumped storage hydropower
resavoirs may be charged using fossil generation resoufeesnsylvani@ashistorically me a

substantial portion oAEP$equirements with resources other than wind, water, and solar.

Enegy 101: Aroverview of other energy sources

Most people are familiar with traditional sources of energy: coal, naturalpgsyleum (oil, gasoline,

diesel, etc.), and nuclear as well as renewable energy sources like solar panels and wind turbines. But

thSNBE INB YlIye 20KSNJ a2dz2NOSa 2F SySNHe GKFG FNB k£,
Pennsylvanidnder the Pennsylvania AEPS, each of these resources has a distinct definition. For the

purpose of clarity, several of these definitions are paragkd below:

9 Biologically Derived Methane Gas: Methane (essentially, natural gas) that is produced
from microorganisms breaking down biodegradable materials in the absence of oxygen
and then combusted to generate electriciffhis includes landfill gas a=ll as
anaerobic digesters that use animal waste (e.g., livestock farms) or human waste
(wastewater treatment plants).

4173 p.S. § 1648.1648.8
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1 Biomass: Electricity produced from the combustion of plant matter or solid
nonhazardous cellulosic waste matef(alg., pallets, treerimmings, and agricultural
residues).

1 Coal Mine Methane: Methane (essentially, natural gas) that is found in underground
coal deposits and combusted to generate energy.

1 DemandSide Managemenifechnologies or management practices that shift electric
loadfrom periods of high demand to low demarid¢cluding solar water heating
facilities,and industrial byproducts (e.qg., blast furnace exhaust gas) used to generate
electricity.

9 Distributed GenerationFacilities of 5 MW or less that produce electricity and useful
thermal energy (i.e., cogeneration or combined heat and power facilities).

91 Fuel cellAn electrochemical device that converts chemical energy in a hydmgen
fuel directly into electricityheat, and water without combustioin Pennsylvania fuel
cells are not required to use hydrogen sourced from renewable soutizes fuel cells
that use natural gas as a fuel are permitted to qualify for the AEPS.

1 Geothermal Electric: Electricity prodeat using geothermal hot water or steam to drive
a generator that produces electricity (i.e., not geothermal energy used for heating)

1 Integrated Combined Coal Gasification: A coal plant using a gasifier to turn coal into a
synthesis gas prior to combustitige fuel to generate electricity.

9 LargeScale Hydropower: Hydropower that does not meet the definition ofilopact
hydropower. This includes pumped storage hydropower facilities, in which water is
pumped from low elevation to a higher elevation resenand released to generate
electricity when neededMost often the pumping power is provided by inflexible
baseload electricity generation facilities (e.g., coal or nuclear) with excess generation
capability during ofpeak hours.

1 Lowlmpact Hydropower: Hydropower that meets certification standards of the Low
Impact Hydropower Institute and American Rivers, Inc., and which also does not have
adverse impacts on aquatic systems, aquatic life, erosion, or cultural and historic
resources.

1 Municipal Solid Waste: Energy from existing wastenergy facilitiegi.e., solid waste
incineratorsjthat are in compliance with environmental regulations

1 WasteCoal Previously discardedal of lowenergy value that is combusted to
generateelectricity in a coal plant that has certain environmental pollution control
measures in place.

EDCs andlectric generation suppliscomply with theirAERSrequirements by reting alternative
energy creditswhich equals on&Wh of qualified generationEDCs anelectric generation supplier
can obtainalternative energy creditsom anywhere irthe PJM Interconnection region to comply with
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the AEPS, meaning the alternative energy does not necessarily have to be generated in Pennsylvania to
be counted bwards compliance.

In the most recent AEPS compliance report published in January 2016, the Penn&W4@iand that
all EDCs complied with their CY 2014 requirements, butdimatric generation suppliedid not, and
weretherefore required to pay &trnative compliance payments for the amount of the requirement
they failed to meet! Tier | requirements were madrimarily by wind (6Jpercend, landfill gas (18
percend, and wood and wood waste (pércend. Tier Il requirements were met primarily witlydro
pumped storage (5@erceni), waste coal (3@ercend), and conventional hydro (@ercen). The solar PV
requirement was met mostly with istate resources (8percend), whereas only 3percentof all Tier |
resources and 6percentof Tier Il resoures were located in Pennsylvania.

Table4 shows that 64.1 percent of Tier I, 4.0 percent of Tier Il, and 100 percent of the solaocarve
AEPS obligimns were met using wind, wateand sun (excluding pumped hydro) in 2014, or 3.2 percent
of total Pennsylvania sales.

Table4. 2015 AEPSmplianceusing water, wind and solar surces

Wind, Water, or Solar? % of 2014 Tier |

Wind 60.8%

Conventional Hydro 3.3%

Total 64.1%

Conventional Hydro 3.7%

DG 0.3%

Total 4.0%

Wind, Water, or Solar? % of 2014 Solar Carv@ut
Solar PV 100%

Total 100%

Sourceti t Sy y & BUCZA014 AnhuaReport: Alternative Energy Portfolio Standards Act of 2004.

Twentynine states and the District of Columbia have renewable portfolio standards (RPS), and 8 states

have a renewablgortfoliogoalw St | G A @S G2 wt{ LI2tAOASaSidngt 2 I KSNJ &
particularly ambitious in terms of bringing additional renewable energy onto the grid. Both Tier | and Il
obligations, with the exception of the specific requirement for solar PV, can be met using resources

other than wind, water, and solar, inding fossil fuels.

In PJM, lllinois, Maryland, Delaware, New Jersey, and the District of Columbia all have an RPS with an
end target of at least 20 percent renewable energiis isignificantly higher as a percentage of state

42pAPUC2014 Annual Report
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electricity salesthantamy LISNOSy (i a | fequBadfylPénhagldasia CY Y& NNEtably,
bSé WSNHESE Qa outlSequirigiafprodidately Al1 perceNtdddar by 2027, has led to a
solar boom in the stateMore than 1,600 MWhave beerinstalled over nearly 44,000 installatioims
New Jersews of February 29, 20186.

Because Pennsylvania generates more total electricity than other states in PJM, its annual renewable
energy generation targets on an absolute basis exceed those of ddterRPS targets, as shown in

Figure27.

Figure27. RPS/AEPSbhtigations for states in PJivhterconnection, 20162035
RPS Obligations for States in PJM, 2010-2035
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t Ne2S00iA2yaé dal NOK HamcO® b2GS dKFG NBYSglofS SySNHE (SOKy?2
renewable energy technologies areluded in this figure, depending on the stafgecific eligible technology criteria.

43New Jersey Clean Energy Prograni6.a wSy Sl 6t S 9y SNB& / ZAcvehsediAprd13a2616.0 Ay 3 b2iGSa
www.njcleanenergy.com/files/file/Committee%20Meeting%20Postings/renewables/Renewable%20Energy%20Committee%
20Meeting@%20Notes%20032416.pdf.
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Distributed generation plicies

Pennsylvania has enacted one of the strongest net metering policies in the nath@s earned y & ! €

every year since 2007 in the amal Freeing the Grideport, which grades states on their distributed
generationpolicies** All investorowned utilities are required to offer net metering for residential

systems up to 50 kWhonresidential systems up to 3 MW, and microgrid and emergsgsiems up to
5MW.2aGSYya Olyyz2it SEOSSR wnn LISth&eStyciy céahdumptichS Odza G 2 Y
There is no aggregate capacity limit, and virtual net metering is alloR@d.state©hio, West Virginia,

Maryland, Delaware, and New Jersey a2 S| NY SR |y a! é F2N) ySi YSUOUSNRAY

t Syyaet glyAal SFENYSR | &. EreeifigieIGAdTha requivemehNiarR vy SOG A 2 y
customers have a redundant external disconnect switch and the applicability of the policy to only
investorowned utilities are two limitations of the existing framework. lllinois, Ohio, Virginia, and North

I P NREAYlF KFE@S Fff SyFrOGSR 0SGGUSNI AYy(iSNO2yySOilAzy
al NBflyRZ 5SflgFNBZ YR bSgsg WSNEASE [ff NBOSAOGSR |

Energy #iciency

Pennsylvania has enacted a number of important policies to promote energy efficiency. Most significant

G2 GKS StSOGNRO aSO0l2NJ Aa G KStheéHnérgy SffixiencySayidS NHe& STTFA
Conservation Programwhich was enacted in 2@0and implemented in 2009. ThaNR2 3 Nddoctiva

targets apply to the seven EDCs that have at least 100,000 customers. These EDCs were required to

reduce electriciticonsumptionby 1percentby the end ofCY 2011and3 percentby the end ofCy 2013

relative to June 200, May 20100 & t K I. Apflicablé BDCs were also required to reduce peak

demand by 4.%ercentby the end ofCY 2013elative to June 200Z May 2008 peak demand.

Subsequently, the PUC extended thesgquirements in Phase Il (CY 2@1@Y 2016}°and Phase Ill (CY
2017¢ CY 202fforders, as shown ifiables.

4 nterstate Renewable Energy Council (REQ.NB SA v I (i R&essdIApR 134 2006 pwiideeingthegrid.org.
45pA PUC2012.Implementation Order, Docket No-20122289411 August 2.
46pp PUC015.ImplementationOrder, Docket No. M0142424864 June 11
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Table5. Pennsylvania utility energy efficienagsource sandard, CY 2012021

Utili Phase Il (CY 202£LY 2016) Phase Ill (CY 201TCY 2021)
ili
vy MWh Reduction % Reduction MWh Reduction % Reduction

PECO (Exelon) 1,125,851 2.90% 1,962,659 5.00%
PPL 821,072 2.10% 1,443,035 3.80%
Met-Ed (FirstEnergy) 337,753 2.30% 599,352 4.00%
West Penn (FirstEnergy) 337,533 1.60% 540,986 2.60%
Penelec (FirstEnergy) 318,813 2.20% 566,168 3.90%
Duquesne Light 276,722 2.00% 440,916 3.10%
Penn Power (FirstEnergy) 95,502 2.00% 157,371 3.30%

Total (MWh)/Average (%) 3,313,246 2.16% 5,710,487 3.67%

For Program Year 6 (Jung2D14¢ May 31, 2015)which falls inthe second year of the thregear Phase
I, the Statewide Evaluation Team found that the seven EDCs subject to the efficiency requirements had
achieved 93 percent of the Phase || MWh/yr targets, or 2,5055,656 MWh/yr during PR&se II.

The technical, economiend achievable potential for energy ei#ncy in Pennsylvania is outlined in

Table6 and Table7, reproduced from Energy Efficiency Potential Study for Pennsyl¢&mechnical
LROGSYydAlLt A& aiKS GKS2NBGAOIf YL EA Yoga&fficiéndy2z dzy i 2F S
disregardingnosS Y 3 A y S S NA vy # Ti@ 2o6romnitjotenfids thebgortion of the technical

potential that is coseffective to implement, and the achievable potential is the portion of the economic
LRGSYdGAlFf GKFIG aOFly NBIFItAAGAOIfte 0SS al SR IAAXAGSyY
administration costS® The maximum achievable estimate represents a perfeuityed incentive

amount, whereas the base achievable case is an estimate that assumes EDCs pay an historical incentive
level of 57.5percentof measurel incremental costs for the residential sector ammaighly 25percentfor

the commercial and industrial sectots.

47 Statewide Evaluation TearAct 19 Statewide Evaluator Annual Report: Program Year 6: June IM2913t, 2015March
8, 2016), 37. Accessed April 14, 2016ww.puc.state.pa.us/Electric/pdf/Act129/SWE_PFKifial Annual_Report.pdf.

48 Statewide Evaluation Tear2015.Energy Efficiency Potentiau8lyy for Pennsylvanja ables E$ and E.
49 Statewide Evaluation TearEnergy Efficiency Potential Study for Pennsylvdnia,

50 gatewide Evaluation Teanknergy Effieincy Potential Study for Pennsylvart,

51statewide Evaluation TearEnergy Efficiency Potential Study for Pennsylv&ti®1.
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Table6. Statewide summary of potential savings and costs by scenario by year

2016 2017 2018 2019 2020 2025
Cumulative Savings Potential - MWh
Technical 6,707,085 13,016,622 18,973,644 24,294,903 25,336,859 41,190,328
Economic 4,895,392 9,387,083 13,662,316 17,628,245 17,253,764 26,944,933
Maximum Achievable 2,761,211 5,438,518 8,133,238 10,772,462 10,983,129 19,357,092
Base Achievable 1,610,739 3,285,284 4,980,543 6,649,165 6,748,807 12,111,889
Program 1,217,554 2,480,941 3,758,994 5,015,090 5,092,433 -
Cumulative Savings Potential - % of 2010 Load
Maximum Achievable 1.9% 3.7% 5.5% 7.3% 7.5% 13.2%
Base Achievable 1.1% 2.2% 3.4% 4.5% 4.6% 8.3%
Program 0.8% 1.7% 2.6% 3.4% 3.5%
Maximum Achievable 2,761,211 2,866,823 2,989,121 3,104,271 2,610,702 2,574,169
Base Achievable 1,610,739 1,725,249 1,836,917 1,943,976 1,665,279 1,794,256
Program 1,217,554 1,302,307 1,386,202 1,466,663 1,256,735
Maximum Achievable 1.9% 2.0% 2.1% 1.8%
Base Achievable 1.1% 1.2% 1 3’6 1 396 1 1% 1.2%
Program 0.8% 0.9% 0.9%
Maximum Achlevable $581.8 $601.9 $619.9 $638.5 $607.0 $642.6
Base Achievable $302.1 $316.2 $329.3 $342.6 $325.7 $361.6
Program $228.7 $239.2 $249.1 $259.2 $246.4 n/a*

*Program potential was only estimated for five years to be consistent with a Phase Ill of Act 129. Program potential in 2025

would be part of Phase IV of Act 129

Table7. Statewide cumulative annual potential by customeector by year

Base Achievable Potential 2016 2017 2018 2019 2020 2025
Cumulative Savings Potential - MWh

Residential 953,810 2,005,954 3,087,372 4,149,256 | 3,722,120 | 6,587,083
Commercial 408,759 791,076 1,173,748 1,550,571 | 1,853,605 | 3,205,776
Industrial 248,169 488,254 719,423 949,338 | 1,173,082 | 2,319,030
Residential 0.7% 1.4% 2.1% 2.8% 2.5% 4.5%
Commercial 0.3% 0.5% 0.8% 1.1% 1.3% 2.2%
Industrial 0.2% 0.3% 0.5% 0.6% 0.8% 1.6%

AlthoughPennsylvania is a large energy producer and electricity generatocapéa energy use and
expenditures were in the bottom half of U.S. states in 2013 at 297 million BTU per capita per year at an
averageannualcost of $4,23(?2

52 EIA Pennsylvania: Profile Data
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Overall,Pennsylvania ranked 17th among states on the American Council for an Hifcgnt
9 02 y 2208 QtateEnergy Efficiency ScorecatDf states in PIM, only Maryland (7th), lllinois
(10th), and Michigan (14th) scoréigher(seeFigure28).

Figure28.! / 999 Qa wnmp {GFGS 9ySNHE 9FFAOASyOe { O02NBOINR

v Most improved
I Ranks 1-10
I Ranks 1120
I Ranks 21- 30
B Ranks 3140
Ranks 41-51

Source: Reproducdbm! / 999 d &a{ Gl GS 9ySNHE& 9FFAOASYyOe { O2NBOI NRDE

Building odes

Pennsylvania has adoptestatewide building code$ut the current codes are somewhat dated.
Currently the 2009 International Energy Conservation Code (IE€@ains in effector both residential
and commercial buildings iPennsylvani&*In comparison to Pennsylvanit states have adopted
morerecent (i.e.2012 or 201%versions of thdECQCesidential building codes and 22 have adopted
more recentcommercial building code¥.The more recentersions of the IECC are more stringent than
older versions.

53 American Council for an Energfficient EconomyACEER® 6 { (i} (S 9y SNE & Abc@sFed Apkil &3/ 2086. { O2 NB O NJ
www.aceee.org/statepolicy/scorecard.

S4Building Codes a a A adl yOS t Sr 28 0ddzaw{ IS §hpapan@rdd.org/code ®é G5 6
status/state/pennsylvania/
55pA DEMDraft 2015 Climat€hange Action Plas?.
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TheU.Stransportation sector is fueled primarily with petroleum fuels, including gasoline, diesel, and
liquid petroleum. Currently in the United States, tleegetroleum fuels account for approximately 92
percent of the energgonsumed by the transportation sectétt Sy y & & t @eénysaidngXallow this
pattern, with the transportation sector accounting for 24 percent of enerjgted CQ@emissions in

201357 In order to meet the goal of 100 percent emission reductions by 2050, the transportation sector
must be converted from traditional combustion engines to electric vehicles (EVs) powered by clean,
renewable electricity. Reducing emissions from gas andrditssil fuelpowered vehicles will reduce
CQas well as other harmful emissiopfs.

EVs are not only vital to the reduction of transportation emissions, but they can also play a role in
lowering electricity emissions. EVs can facilitate a greater condentraf renewables onto the electric

grid by providing a flexible energy storage mechanism and by helping to balance electric demand.
Specifically, utilizing smart grid technology, EVs can be charged during periods of low demand, or when
excesgenewable @ergy is being put onto the gridheycan deliver electricity back to the grid during

peak demand in ordeo reduce the need for fossil fuel generatié$f®

CNF YAAGAZ2YAY 3 t Syyaet oBwakdtaiag advilitagediile NdndfitatheE¥s/ & SOG 2
can provide to the grid will require major changes to infrastructure and consumer behavior, but careful
strong policy changes caake Pennsylvania to a zefemissions transportation system.

4.1. Transportation in Pennsylvania

Despite the benefits of trasitioning toEVA >~ t Syyaeft @ yAlF Qa GNIYyaLRNIFGAZ2Y
RSLISYRSyYylU 2y LISGNRf Sdzy Fdz2Stad Ly wnmoX GKS adaldsSa
of petroleum fuels, including over 117 million barrels of motor gasdkeeFigure29).51 Within the
transportation sector, gasolinpowered onroad vehicles contribute the most to greenhouse gas

BgL1 & HaMCD Ga2 V-AKNDKDPYSNBSt BSHOHH® ! O0S3aSR ! LINRE MOZ HAMCO®
www.eia.gov/totalenergy/data/monthly/pdf/sec2_11.pdf

579 L1 ® 5 wRethtediCRSA Bilixide Emissions at the State Level; 200 0 ®¢ ! 0O0Saa SR ! LINKf MOZ HJ
www.eia.gov/environment/emissions/state/analysis/pdf/table3.pdf

58 pennEnvionment Research & Policy Center. 20CBarging Forward: The Emergency of Electric Vehicles and Their Role in
Reducing Oil ConsumptioRages 3. Accessed April 13, 2016.
www.pennenvironment.org/sites/environment/files/reports/Charging%20ForwehnEnvironment. pdf

59 pid.

60g YSNEE {02NIF3S ! 3a20AF GA2yldy HaMKEdORd EOIGINEROIARSR (12 INNIIES # 1y WRC
www.energystorage.org/energgtorage/technologyapplications/electricitystorageand-plug-vehicles

blgL1 ® Hnmcd G{ NB&S IBNBRTAGSaI0FR¢9IBES /¢1d ! OOS5aSR ! LINAE wmoX
www.eia.gov/state/seds/data.cfm?incfile=/state/seds/sep_use/tra/use_tra_PA.htm|&amsylvania
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http://www.pennenvironment.org/sites/environment/files/reports/Charging%20Forward-PennEnvironment.pdf
http://www.energystorage.org/energy-storage/technology-applications/electricity-storage-and-plug-vehicles
http://www.eia.gov/state/seds/data.cfm?incfile=/state/seds/sep_use/tra/use_tra_PA.html&sid=Pennsylvania

emissions in Pennsylvanagcounting for 66 percent of emissions in 200A-road diesel vehicles
account for 22 percent of greenhouse gas emissionsKagee30).52 Over 10.5million motor vehicles,
including cars, trucks, buses, and motorcycles, contribute to these emissions throughout the
Commonwealttf3

In Pennsylvania, conversion s has yet to make significant reductions to these emissions. The
National Renewable Energpaboratory reports that only 4,540 electric or hyblEtE were registered in
Pennsylvania in 201%,and only 2,300 aklectric vehicles were registered as of July 2816harging
infrastructure has also yet to take off in the state: an estimated 233ipefctric charging stations with
462 charging outlets are available in Pennsylvania. By comparisonnitesl Statesn total has
approximately 13,310 electric charging stations with 32,654 ouffets.

62pADEP. 201Pennsylvania Climate Change Action Plan UpdRage 27. Accessed April 13, 2016.
www.portal.state.paus/portal/server.pt/document/1385625/final_climate_change_action_plan_update. pdf

63 o{ ® 5SLI NIYSYyd 2F ¢NI yaLR2NII (A 2yl.dccassed pptl 13 20063 K61 & { G GA&GAO
www.fhwa.dot.gov/policyinformation/statistics/2014/mv1.cfm

64.S. Department of EnergySDOB) Hnmp ® G CF OG | £ 5c B Wi JAYT + SKmOf St dzBy S NI G A
Accessed April 13, 2016ww.energy.gov/eere/vehicles/faed76june-8-2015plug-electricvehiclepenetrationstate-2014

65pADEP. 2016 lectric Vehicles in PennsylvarAacessed April 13026.
www.elibrary.dep.state.pa.us/dsweb/Get/Documehfi0944/01260FSDEP4505. pdf

66 t GSNYI GAPS CdzSta 5Fial /SYyaSN® 4!t GSNYFGAGS CdStAya {dGldAzy
www.afdc.energy.gov/locator/stations/
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Figure29. Transportationfuelsconsumed in Pennsylvania in 2013, tirillion BTUs
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Figure30. Pennsylvanigjreenhouse gas emissions from transportation, by end p2610

Gasoline-Powered On-Road
Vehicles

On-Road Diesel Vehicles

22%

= Jet Fuel and Aviation Gasoline

Marine Vessels, Rail, and Othe
66%

SourcePADERR013 4t Syyaet g yAl [ fAYEFGS3Eé KFEy3asS 1 0lAazy tftlky ! LIRFGS

The PA DERas found that emissions from transportation are decreasilaglining 3.8 percent from

2000 t02010. This trend is likely to continue due to federally mandated improvesientuel

economy®’ In addition, according to a Commonwealth Economics study, consumer behavior,
technological advancements, and public policy will also contribute to decreasing energy consumption in
t Syyaet gryal Qa EPRpyoeddsiNgr trdnds 2ationadllBad in@e\ficient vehicles

are expected to increase in market share. Energy consumed by aircraft is exfmedtednationally

through 2040, as significant increases in air travel are only partially offset by improved efficiency. For
both rail and marine travel, energy consumption is expected to remain relatively flat, with efficiency
improvements keeping pace with a growth in dem&#d.

67 pADEPClimate Change Action Plan Update.

68 commonwealttEconomics. 201Energy in Pennsylvania: Past, Present, and FuRage 13. Accessed April 13, 2016.
www.elibrary.dep.state.pais/dsweb/Get/Documen96943/Final%20PA%20Comprehensive%20Energy%20Analysis.pdf

69gA. 201RMEO9-12. Accessed April 13, 2018ww.eia.gov/forecasts/aeo/pdf/0383(2015).pdf
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To date, Pennsylvania has enacted few policies therage the development of electric transportation.
Several incentive programs are available to alternative transportation fuels broadly, but not
electrification specifically. THRADEPadministers a grant program for alternative fuels known as the
Alternative Fuel Grant Program. The program was established in 1992 and has a variable budget each
year; the budget in 2016 is approximately $7 milli§@dditionally, thePADEPoffers matching grants

up to 50 percent under the Small Business Advantage Gragtd#m. These grants are available to small
businesses broadly for energyficient or pollution prevention equipment, including auxiliary power

units for trucks’! Financing is available from the Pennsylvania Energy Development Authority for a
variety of ckan, advanced energy projectsLastly, PECO Electric Company offers its customers a small
incentive ($50) if they notify the utility that they have purchased=a*

The Commonwealthas also set emissions standards for passenger cars andilightrudks under the
Pennsylvania Clean Vehicles Program. Vehicles beginning with model yedn&0@¥@ sold or leased

and titled in Pennsylvania must be certified by the California Air Resources Board or be certified for sale
in all 50 stateg?

These programsompliment a number of federal incentives availableEdé and alternative
transportation technologies. A federal tax credit is available for-pilg\s of up to 14,000 pounds. The
credit is between $2,5087,500 depending on the battery siZ&Twowheded plugin E\s and
alternative fuel infrastructurénstallations are also eligible for the tax credit through 26%9additional
federal incentives include

9 Advanced Energy Research Project Grants

1 Improved Energy Technology Loans

OPADEP.20d @ &' f GSNYF GADPS CdSta LyOSydA@S DNIyd tNRINI YPé ! 00Saa
www.dep.pa.gov/Citizens/GrantsLoansRebatet@lative-Fuelsincentive Grant/Pages/default.aspx#.VwwXGGQrJN1

Tt GSNY I GAGS CdzSt 5F G / SydSNI® Hnwmpcbessed Apdl $3N30166 A S CdzSt | yR L
www.afdc.energy.gov/laws/5998.

2ppA5 9t @ HamMcd Gt SyyaestoglyAaAl 9ySNEe 5808t 2LSyd ! dziK2NRGe vé 1 C
www.dep.pa.gov/Citizens/GrantsLoansRebates/Pages/PEDA.aspx#.Vw7q42QrK9a

Bt9/h 9ySNHe /2YLIyed Hamcd at 9/t {YINI 5NXASSNI wSoliSodé 1 008
www.peco.com/Savings/ProgramsandRebates/Residential/Pages/SmartDriver.aspx

74 pennsylvania Department of Transportati®A DO®) Hamc ® &t Syyaet @l v Mecessdd Bpriy3, + SKA Ot $&
2016.www.dmv.pa.gov/VEHICIEERVICES/Pages/cleamicle.aspx#.Vw7tx2QrK9a.

BLy SNyt wS @Sy dzSin HleStuicDivd Bide Greditv(IR@30B)icdestk April 13, 2016.
www.irs.gov/Businesses/Pleg-ElectricVehicleCreditIRC30-and-IRG30D.

£ GSNY I GAGS CdzSta 5FiGk / SyidSND AceSESN 13 2016.64 FyR LyOSyiGA@sSa
www.afdc.energy.gov/fuel$aws/ELEC/US.
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1 Low and Zero Emissidfehicle Research, Demonstration, and Deployment Funding
9 Airport Zero Emission Vehicle and Infrastructure Incentives

9 Alternative Fuel and Advanced Vehicle Technology Research and Demonstration
Bondg’

Pennsylvania is also home to two Clean Cities prograims Eastern Pennsylvania Alliance for Clean
Transportation and the Pittsburgh Region Clean Cities. These programs support local actions to reduce
petroleum use in transportation, including support for local infrastructure and vehfélés.

4.3. Electric Transposdtion Technology Options

Achieving 10@ercentrenewables by 2050 will require changes to all transportation modes and
vehiclesand avariety ofnew forms oftechnology and infrastructure.

Lightduty vehicles

E\6 are available as an option for lightwieigpassenger vehicles, as most auto manufacturers now offer

at least oneEVmodel®®l 2 6 SGSNE G N} y3IS | yEASGE I ¢ an®Righ CoStgfile | 6 2 dz
lead most consumers to choose more traditional-gasvered vehicle§! As technology impraas and

prices fallE\6 are expected to become more common, especially with strong policy suffiitgin

hybrid vehicles also exist as a transitional vehicle optitmwever in order to achieve emissiotfiee

personal transportation, all consumers witted to adopt 100 perceri\s.

Heavyduty vehicles

The heavier the vehicle and the longer the trips taken, the more difficult and expensive it becomes to
St SOUNATFed | 26SOSNE G(SOKy2t238 SEA&GA (2 O2y @SNI
pounds) and certain buses to electric powét 2 R @ Qa G(SOKy2f 238 fAYAOla GKS
but certain delivery trucks, yard hostlers (vehicles that move cargo within a single port or warehouse),

T Ibid.

B9 &S NY tSyyagt gl yal |t AalyOSh oSN A/SIESHEY  NENISyREASENIERLINGA X ' dv 0659 tH
ACTOverview.

9 Pittsburgh Region Clean Citi#g8ebsite.Accessed April 13, 201%ww.pghcleancities.org/

80pjygL y 1 YS NG @ SKiA tOdadesgetAp) 1432018 dw . pluginamerica.org/vehicles.

81 Massachusetts Institute of Technology. 20&E@ctrification of the Transportation SysteAtcessed April 14, 2016.
www.mitei.mit.edu/system/files/electrificatiortransportationsystem.pdf

82\t YREEES ¢d wnmcd al SNB AS H (2 sh AS160BI0NGISTAERbMANY RBACceshet] April/14, dzd S G K S
2016.www.bloomberg.com/features/201&v-oil-crisis/.

83 |nnovation Electricity Efficiency. 201orecast of O#Road Electric Transportation in the U.S. (22@85) Page 7 Accessed
April 13, 2016 www.edisonfoundation.net/iei/Documents/IEE_OnRoadElectricTransportationForecast_0413_FINAL.pdf.
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military vehicles that stay on base, school arzhsit buses, agricultural equipment, and other rRon
highway vehicles are appropriate applications for-@ldictric vehicles that can be converted in the near
term.8485 Heavier vehicles and those that travel long distances without opportunities to chalige w
require a lower conversion to emissiefree models based on significant technological advances with
batteries and/or hydrogen. Emissions reductions can be accomplished in the short term with hybrid
models or electrification of auxiliary power un¥Eventually, all vehicles will need to be transitioned to
electric batteries or hydrogen fuel cellBable8 outlines the electrification options for different vehicle

types.

Table8. Electrificationoptions by vehicle type
Vehicle Type

Description

Electrification Opportunities

LightDuty Automobiles, Light Trucks, Motorcycle Electrify primary vehicle drive

Vehicle in both personal and commercial fleet
usage

Commercial Trucks from 8,504.0,000 Ibs. gross Electrify primary vehicle drive

Light Trucks vehicle weight

Transit Bus Buses with routes inside a single Electrify primary vehicle drive
metropolitan areatraversing relatively
short distances with more frequent
stops

School Bus Buses that carry students to and from Electrify primary vehicle drive
educational facilities, frequent stops

Military Use Mix of military groundair, and sea Ground vehicles only: electrify priman
vehicles vehicle drive

Freight Trucks  Trucks greater than 10,000 Ibs. gross Utilize electric umbilical for auxiliary
vehicle weight power when idling

Air All air carriers of passengend cargo, Replace onboard mini turbine with

Transportation as well as general aviation and small electrical umbilical for auxiliary power
aircraft when idling at gate

Domestic Water vessels with both departure anc Shore power: shipyard auxiliary tethel

Shipping arrival at U.S. port to prevent idling irdomestic

International

Water borne vessels with either a

oceanliners
Shore power: shipyard auxiliary tethei

Shipping departure or an arrival at a U.S. port, to prevent idling irinternational
but not both oceanliners
Freight Rail Locomotive drawn freight railroad cars Range and weight requirements

Intercity Bus

Buses with routes between
metropolitan areas, traversing mostly
highways with infrequent stops

84 bid.

85 Union of Concerned Scientists. 20T2uck Electrification: Cutting Oil Consumption & Reducing Polldtimessed April 14,
2016.www.ucsusaorg/sites/default/files/legacy/assets/documents/clean_vehicles/TrlkctrificationCuttingOik

Consumptiorand-ReducingPollution.pdf.

prohibitive in the near term
Electricoptions available with
infrastructure upgrades; Range and
weight may be prohibitive in the near
term

86 Massabusetts Institute of Technologlectrification of the Transportation System.

i Synapse Energy Economilcs.
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Vehicle Type Description Electrification Opportunities

Intercity Rail Trains with routes between Many already electrified; electri
metropolitan areas, traversing relativel options available
long distances with infrequent stops
Transit Rail Trains with routes inside a single Many already electrified; electric
metropolitan area, traversing relatively options available
short distances with more frequent
stops
Commuter Rail Trains with routes to and from a Many already electrified; electric
metropolitan area, traversing moderat¢ options available
distances with somewhat frequent
stops
Recreational Personal boats and watercraft Electric auxiliary options while idling,
Boats docked

Source: Adoptef NP Y Lyy2@FGA2y 9t SOUGNRK OA ( eRod El€ckiOTadspddtation inthaNISE H Mo ® & |
(2010HnopUL de TP

Marine andair travel

Similar to heawduty vehicles, technology is not yet available to electrify jets and boats. The energy
required to transport a heavy boat overseas or to fly a plane even relatively short distances is too great
for existing battery technology. However, in the short term, planes and boats can switch auxiliary
equipment to electricity rather than using petroleuinels for all energy needs. For example, planes
typically use jet fuel for power and lighting while the plane is idling at the gate, but could instead
O2yySOiG G2 GKS { SNiesetiarisgatiof dbpBodsimNizev@ntualigzhdbdt tahe
transitioned to hydrogen fuel cell versions in order to eliminate associated emis&ions.

Rail

adzOK 2F tSyyaet gryAil Qa NBIA2yFAlralbystéms tngstbd SY A a | f
converted to electric in order to reach zero emissions. Givahiiational and regional rail networks are

beyond the jurisdiction of Pennsylvania, the state will need to coordinate with other states and with the
Federal government in order to make the necessary improvements to the rail system.

Chargingnfrastructure

As more vehicles are converted to electric, charging infrastructure will need to expand throughout the
state. Many vehicles can be recharged at home or at primary parking facilities, but charging

87 Innovation Electricity Effiency.Forecast of O#iRoad Electric Transportatiph.
88 jacobson et all00% clean ancenewable, 8.

89pA DOT2015.2015 Pennsylvania State Rail Pl@mapter 2, 13Accessed April 21, 2016.
www.planthekeystone.com/PDF/StateRailPlan/Chapter%202%20
%20The%20States%20Existing%20Rail%20System_website.pdf.
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infrastructure will alsde neededn public parking area@ncluding rest stops, restaurants, shopping
centers, places of employment, etm)order to enable the growth in vehicle electrification

Charging equipment is classified by how quickly it can charge a battery. The charging time varies

depending on theige and type of the battenyAC Level 1 charging can be accomplished through the
kindof12602 f (0 2dzitf SG F2dzy R Ay FfY2ad Fftf RNADGSNEQ K2Y.
daily needslt willchargea car for 40 miles of driving in abouh8urs, or anywhere between2 miles

per hour of charging. AC Level 2 charging requires 240 volt or 208 volt electric service and can provide

for 10-20 miles of driving with just 1 hour of charging. Level 2 is used for most public charging
infrastructure,andis preferred by many residential customer who desire more flexibility and faster

charging®® Most homeowners would need to upgrade a garage outlet if they wish to use Level 2

charging Installation of this type of outlet requires the services ofedectrician and can be costly.

Directcurrent (DC) or Level 3 charging can provide even faster charbetgveen 5670 miles for just
20 minutes of charging? Such stations are useful for EV owners traveling longer distances at
restaurants, malls, rest sps, etc. Level 3 charging requires a 48t source, which is not technically
feasible for an average residential neighborhddd.

Behaviorchanges

Though technology solutions will eliminate most emissions, behavioral changes may also need to occur
in orderto reach 100 percent emissions reductions. Walking, bicycling, carpooling, and use of public
transit will decrease the number of vehicle miles traveled that need to be converted to electric.
Encouraging such behavioral changes will require changes taisanand city planningft

4.4. Targets for Electric Transportation

t Syyaet dryAlQa LINPINBaa (261 NR GNIyYyaLRNIFGAZ2Y St S
percent emissions will require converting almost the entire fleet of vehicles, boats, pkmkains to
electric over the next 30 years.

N t GSNY I GAGS CdzSta 51 il / Sy SNIBL G 5BOSD @ NWosssed AFIEINR0F6L NalzO (i dzNB i
www.afdc.energy.goviiels/electricity_infrastructure.html.

91 Ejectrification Coalition. 200Electrification Roadmap: Revolutionizing Transportation and Achieving Edecgyity Page
150.Accessed April 13, 202%ww.electrificationcoalition.org/sites/default/files/SAF_1218BCRoadmap_v12_Online.pdf.

92 Alternative Fuels Data Centddeveloping Infrastructure.

B dzy yAYIKIYS 2d wnmod G{f263% TFI &GCNET.obfOctdberd AicGeskd AprkANB16.G2 OKL N
www.cnet.com/roadshow/news/slowWast-and-fasterwhere-to-chargeelectriccars/.

9Drexel University. 201®ptions for Achieving Deep Reductions in Carbon Emissions in Philadelphia. #yc265€ed April
14, 2016 www.drexel.edu/~/media/Files/now/pdfs/Reducing%20GHG%20in%20Philadelphia.ashx?la=en
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In this study we separate the targets for transitioning the transportation sector to electricity into three
separate goals: lighduty vehicles, heawguty vehicles, and aviation and marine travel.

Lightduty vehicles

In order to set targets for converting lighuty vehicles to electric, we relied on two recent studies that
aimed to reduce emissions over a period of several decad281B8studyby the U.S. Federal Highway
Administration describes a scamain whichstatesconvert33 percent of lightduty vehicles to electric

by 2030%° Beyond 2030, a study by the Electrification Coalition, designed a roadmap to achieve 75
percentE\s nationally by 2048° Based on an average vehicle lifetime of 11.5 y@awee find these

longterm targets to be reasonable, assuming adequate incentives are created to encourage a significant
portion of new vehicles purchased to be electhi¢e also find them to beecessary in order to achieve

100 percent by 2050.

In settingthe nearterm goal, we assume that approximately 20 percent of the vehicles on the road will
be replaced between now and 2020, and that approximately 20 percent of those new vehicles
purchased will be electric if incentives are set such that EVs are ciivgetith traditional vehicle

models. Thus, the targets set for ligthtity vehicles are as follows:

4 percentE\s by 2020;
33 percentE\s by 2030;

75 percentE\s by 2040;

= = =4 =4

100 percentE\s by 2050

Othervehicles

In order to set targets for converting othglansportation modes and vehicles to electric options, we
relied on the model developed by the 2015 Jacobson et al. report which created a pathway to 100
percentrenewables ly 2050 for the entire United Stat&8

95.S. Federal Highway Administratenn mp @ G CSI AAG0Af AGe YR LYLEAOIGAZ2YE 2F 9f S0
Infrastructure Developmen{ OSy I NA2 y dé ! GFAtLofS Fay
www.fhwa.dot.gov/environment/climate_change/mitigation/publications/ev_deployment/es.cBee also Stanton, L. et al.
G¢KS wDDL hLLRNIdzyAdG& Hodndé adttpNIW.symapsen nmc & | 00SaaSR
energy.com/sites/default/files/RGGI_Opportunity_2.0.pdf

P LINAE  H

96 Ejectrification CoalitiorElectrification Roadmap

97 0ak Ridge National Laboratq@@RNLP & ¢ NI y & LI2 NIi F (A 2y 910 Bdid@sed Apifil 121 20162 2 1 ®¢é ¢+ 6f S
www.cta.ornl.g@v/data/chapter3.shtml

98 Jacobson et all00% Clean and Renewable.
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http://www.fhwa.dot.gov/environment/climate_change/mitigation/publications/ev_deployment/es.cfm

4.5. Policy Pathways

Even without major policy changes, electric cars are expected to increase in market share in the near
future. Advancements in battery technology and decreasing costs are mangore competitive with
fossil fuelpowered vehicles?®

Because air, rail, @hsome marine travel generally crosses state borders, Pennsylvania will need to work
with the Federal government and other states to make the chamgeessary tamplementequipment
efficiency and fuel use regulations that are set at the national leveleder, there are many policy

options available to state legislators and regulators to advance transportation electrification throughout
Pennsylvania.

In order to achieve the targets for electric transportation, policymakers and regulators will needko wo
with stakeholders to determine a suite of policies that work best for the state. Those policies should
include:

1 Incentive programs designed to meet the needs of different consumers, including
individuals, businesses, large fleets, and to support Ed#hand charging equipment;

9 Taxes to raise funds for incentive programs;

9 Specific vehicle goals or mandates to set expectations for manufacturers and
consumers;

9 Setting requirements for installing charging infrastructure;

1 Funding and programs to support aitative forms of transportation, especially for lew
income communities;

1 Regulatory changes needed to accommodate the growing number of EVs and charging
stations.

Financialincentives

Financial incentives are the most direct way of encouraging purcha$es o¥ith the average light
duty lifespan increasing each ye&P providing a robust incentive program as early as possible will be
crucial to boosting the adoption @&\s. Several forms of financial incentives can be used, including:

RebatesAs seenwiti KS & dz00Saa 2F (GKS a/ 1 aK F2NJ/ fdzy1 SNBRE L
fastest, easiest way to motivate customers to purch&s&°! Such programs require a dedicated

9Randall, T2016.a | SNBQa 126 9t SOGNRO / | BlEombelgiL FrebiubrdZbAccedskdAprbI@EG hAt / N
2016.www.bloomberg.com/features/201&v-oil-crisis/.

100ORNLZI'ransportation Energy Data Baok
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source of funds that may be less politically palatable, but rebates are easy tostamte and a proven
method of incentivizing the adoption of new technologies.

Tax creditsTax credits may be more politically feasible and most consumers are generally familiar with
how to use them. Providing tax credits does not require a separatecaiedi fund as required with a

direct rebate program. However, depending on the program design, some consumers may not have the
tax appetite to take advantage of tax credits, and consumers are more motivated by immediate, upfront
rebates.

Tax and fee exentons. Exempting vehicles or charging stations from sales or property taxes, or other
registration fees provides another politically palatable financial motivation for consu@énsr forms

of incentives are typically more likely than tax exemptions tdivade EVpurchases because consumers
maynot fully appreciatéhow much sales or property taxes may cost them.

Grants.Similar to rebates, grants can be a strong motivator for purchases&oér charging equipment.
Grants are typically reserved for largeash awards anchayrequire more administratin to review
applications and manage awards as compared to rebates. Grants are a good option to incentivize large
fleets to convert to electric, or to incentivize a large business or employer to install ey atgtions in

its parking lots across the state, for example. Grants can also be used for research and development to
facilitate technological advancements.

Loans.Zero or low-interest loans can be used to motivate fleet conversions or other large investments
in infrastructure or even vehicle or battery manufacturing. Lioterest loans are often available for
vehicle purchases for consumers with good credit ratitgss the state could offer loan programs for
low-income consumers or other consumers that are not eligible for commercial loan products.

No matter which incentive options are chosen, incentives for vehicles must be set su\4heae
costcompetitivewith their traditional alternatives. Incentives that are set high initially and decline over
time will encourage early adoption and may encourage consumers to trade in their gasoline vehicles
sooner than they may have planné® Different incentive options will need to be considered for
individuals, fleets, charging equipment, and manufacturers.

Specifically, businesses or government agencies with large vehicle fleets can be good candidates for
early adoption oE\s. Business€iand agencieQarge fleets can take advantage of economies of scale,
realize significant savings in fuel costs, and influence other businesses to install charging eqtfipment.
Additionally, for businesses such as utilities that operate heavy, idling eglits will decrease

employee exposure to emissigrexins, andexcessivenoise, whichwill improve worker safety and

102 g ectrification CoalitiorElectrification Roadmap
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http://www.energy.gov/sites/prod/files/2015/02/f19/QTR%20Ch8%20-%20Process%20Heating%20TA%20Feb-13-2015.pdf









http://www.neep.org/




































































































































http://www.epa.gov/re-powering/re-powering-mapping-and-screening-tools
http://www.epa.gov/re-powering/re-powering-mapping-and-screening-tools












http://www.pennfuture.org/UserFiles/PDFs/GovWolfPolicyRecommendations_201501.pdf



http://www.nrel.gov/docs/fy15osti/63416.pdf
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http://www.nrel.gov/docs/fy12osti/46534.pdf
http://www.nrel.gov/analysis/reeds
http://www.nrel.gov/analysis/reeds






http://www.synapse-energy.com/sites/default/files/Forecasting-Coal-Unit-Competitiveness-14-021.pdf
http://www.synapse-energy.com/sites/default/files/Forecasting-Coal-Unit-Competitiveness-14-021.pdf
http://www.synapse-energy.com/sites/default/files/SynapseReport.2013-11.0.EE-in-AEO-2013.12-094-Update_0.pdf






http://www.energy.gov/eere/wind/wind-vision
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