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1. h±9w±L9² 

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

the emission of greenhouse gases like carbon dioxide (CO2) from human activities. This study presents a 

future in which clean energy serves ŀƭƭ ƻŦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƴŜǊƎȅ ƴŜŜŘǎ by 2050, thereby achieving zero 

CO2 emissions from ǘƘŜ ǎǘŀǘŜΩǎ consumption of energy. To this end, Synapse Energy Economics and EQ 

Research have designed a Pennsylvania 100 percent Renewableτor άt!-млл҈w9έτfuture in which the 

following takes place:  

¶ Increasing the efficiency of existing energy uses: Strong energy efficiency measures reduce the 

use of electricity by existing end-uses, including lighting, refrigeration, and cooling. Electric 

demand for these uses is reduced by 24 percent in Pennsylvania compared to a future with no 

efficiency gains.  

¶ Electrification of non-electric energy consumption: All transportation, space heating, water 

heating, and industrial fossil fuel energy use is gradually converted to electric technologies over 

the next few decades. This electrification makes it possible to power 100 percent of 

tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƴŜǊƎȅ ǳǎŜ ōȅ ǊŜƴŜǿŀōƭŜǎΦ LƴŜǾƛǘŀōƭȅΣ Ŝven after strong efficiency measures are 

Ǉǳǘ ƛƴǘƻ ǇƭŀŎŜΣ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǘƻǘŀƭ ǳǎŜ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ƳƻǊŜ ǘƘŀƴ ǘǊƛǇƭŜǎ, while its direct 

combustion of fossil fuels falls to zero.  

¶ DǊŜŜƴƛƴƎ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǇƻǿŜǊ ǇƭŀƴǘǎΥ By 2050, all coal and nuclear power plants have been 

retired, and 57 percent of all electricity generated in Pennsylvania comes from renewables. (The 

remaining 43 percent of electric power ǇǊƻŘǳŎŜŘ ƛƴ tŜƴƴǎȅƭǾŀƴƛŀ ŎƻƳŜǎ ŦǊƻƳ ǘƻŘŀȅΩǎ ŜȄƛǎǘƛƴƎ 

natural gas generators and is exported for other statesΩ ǳǎŜ.) No new natural gas power plants 

are built in Pennsylvania after the last plant that is currently under construction is completed in 

2018, andτunless additional policies are enacted to close natural gas plants soonerτthe last 

natural gas plant would cease operation in the state around 2068. 

¶ Stimulating the growth of renewables region-wide: Pennsylvania matches every megawatt-

hour (MWh) of electricity that it consumes with a purchase of a renewable energy certificate 

(REC), ensuring that enough renewable generation occurs within Pennsylvania or in nearby 

states to supply ŀƭƭ ƻŦ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ƴŜŜŘǎΦ ¢ƘŜǎŜ w9/ǎ Ŏŀƴ ƻƴƭȅ ōŜ ǳǎŜŘ ƻƴŎŜτanother 

state cannot also use them for their own clean energy development. As a result, renewable 

power generation capacity in the wider region is 26 times higher in 2050 than it was in 2015. 
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Just as it does today, in the future in each of the modeled scenarios, electricity produced in Pennsylvania 

flows into a power pool for the greater PJM region.1 Through the purchase of both in- and out-of-state 

RECs, Pennsylvania both finances and takes responsibility for renewable electric generation sufficient to 

meet its energy needs. The remaining natural gas generation taking place in Pennsylvania isτin effectτ

exported to PennsylvanƛŀΩǎ ƴŜƛƎƘōƻǊǎ ǿƘƻǎŜ ŘŜƳŀƴŘ ŦƻǊ ŎŀǊōƻƴ ǇƻƭƭǳǘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǘƛƴǳŜǎΦ !ƴ ŜƴŘ 

to all CO2 emissions from power plants located in Pennsylvania will require either: (1) the retirement of 

the last natural gas plant in Pennsylvania (this would happen around 2068 assuming a 50-year lifetime 

and no additional policy measures to expedite retirement); or (2) the end of demand for CO2-emitting 

generation in the PJM region as a whole. 

hǳǊ ŀƴŀƭȅǎƛǎ ƛǎ ǊŜǎǘǊƛŎǘŜŘ ǘƻ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ŜƴŜǊƎȅ ŀƴŘ ƛǘǎ ŘƛǊŜŎǘ Ŝmissions from burning 

fossil fuels. We have not addressed emissions from fossil fuel extraction, emissions from non-energy 

sources, upstream or life-cycle emissions, greenhouse gases other than CO2, or emissions from biomass. 

In this analysis, we compare two different futures: one in which Pennsylvania continues on its current 

carbon-ŜƳƛǘǘƛƴƎ ǘǊŀƧŜŎǘƻǊȅ όǘƘŜ άwŜŦŜǊŜƴŎŜέ ŎŀǎŜύ ŀƴŘ ŀ ǎŜŎƻƴŘ ƛƴ ǿƘƛŎƘ tŜƴƴǎȅƭǾŀƴƛŀ ŀŎƘƛŜǾŜǎ ŀ 

carbon-ŦǊŜŜ ŦǳǘǳǊŜ ǇƻǿŜǊŜŘ ōȅ ǊŜƴŜǿŀōƭŜǎ όǘƘŜ άt!-млл҈w9έ ŎŀǎŜύΦ While the methodology is our own 

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 University.2 

We begin the study in Chapter 2 with a description of the studyΩǎ ŦƛƴŘƛƴƎǎ ǎƘƻǿƛƴƎ ŀ ŦǳǘǳǊŜ ƛƴ ǿƘƛŎƘ ŀƭƭ 

ƻŦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƴŜǊƎȅ ƴŜŜŘǎ ŀǊŜ ǎŜǊǾŜŘ ōȅ ǊŜƴŜǿŀōƭŜǎΦ Chapter 3 is an examination of tŜƴƴǎȅƭǾŀƴƛŀΩǎ 

current energy profile, including the /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀƴŘ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŜǎǎ 

to date. Chapter 4 ŜȄǇƭƻǊŜǎ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ƻǇǘƛƻƴǎ ŦƻǊ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ ƻŦ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ 

transition to EVs. In Chapter 5, we review opportunities for electrification of space and water heating in 

the residential and commercial sectors, as well as challenges for industrial end uses. Our analysis in 

Chapter 6 demonstrates the impact of increased energy efficiency. Chapter 7 provides an assessment of 

permitting and siting issues including policy pathways for achieving the greatest impact. Finally, our 

modeling assumptions and methodologies are reviewed in an Appendix to the report. 

                                                           

1 The PJM power region includes all of Delaware, the District of Columbia, Maryland, New Jersey, Ohio, Pennsylvania, Virginia, 

West Virginia, and parts of Illinois, Indiana, Michigan, North Carolina, Tennessee, and Kentucky. The PJM system operator 
coordinates power generation to meet electric demand throughout the region. 

2 WŀŎƻōǎƻƴΣ aΦ ½ΦΣ aΦ !Φ 5ŜƭǳŎŎƘƛΦ нллфΦ ά! tŀǘƘ ǘƻ {ǳǎǘŀƛƴŀōƭŜ 9ƴŜǊƎȅ ōȅ нлолΦέ Scientific American, November 2009.; 

Jacobson, M. Z., M. A. Delucchi. 2011Φ άtǊƻǾƛŘƛƴƎ ŀƭƭ Ǝƭƻōŀƭ ŜƴŜǊƎȅ ǿƛǘƘ ǿƛƴŘΣ ǿŀǘŜǊΣ ŀƴŘ ǎƻƭŀǊ ǇƻƭŀǊΣ tŀǊǘ LΥ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ 
ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎΣ ǉǳŀƴǘƛǘƛŜǎ ŀƴŘ ŀǊŜŀǎ ƻŦ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ƳŀǘŜǊƛŀƭǎΦέ Energy Policy: 39, 1154-1169.  
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2. ¢I9 t!πмлл҈w9 C¦¢¦w9 

! ŦǳǘǳǊŜ ƛƴ ǿƘƛŎƘ ŀƭƭ ƻŦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƴŜǊƎȅ ƴŜŜŘǎ ŀǊŜ ǎǳǇǇƭƛŜŘ ōȅ ǊŜƴŜǿŀōƭŜǎ ǿƛƭƭ ǊŜǉǳƛǊŜ ōƛƎ ŎƘŀƴƎŜǎ 

ŦƻǊ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŜƴŜǊƎȅ ǎŜŎǘƻǊΦ ¢Ƙƛǎ ŎƘŀǇǘer describes a future modeled in this study to achieve 

100 percent renewable energy supply by 2050. 

2.1. Electrifying All Energy Uses in Pennsylvania 

All fossil fuel non-electric energy uses in Pennsylvania are electrified by 2050 in the PA-100%RE case. 

This means that all transportation, space and water heating, industrial, commercial and residential uses 

are gradually converted to electric technologies starting today. .ȅ нлрлΣ ŀƭƭ ƻŦ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ 

energy needs are served by electricity. 

Figure 1 shows the energy consumed by sectors in Pennsylvania other than the electric sector. Note that 

in the PA-млл҈w9 ǎŎŜƴŀǊƛƻ όǘƘŜ tƻƭƛŎȅ ǎŎŜƴŀǊƛƻΣ ƳŀǊƪŜŘ άмлл҈έ ƛƴ ǘƘƛǎ ŦƛƎǳǊŜύΣ ŀ small amount of non-

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 greenhouse gas emissions. 

Figure 1. Non-electric energy use in Pennsylvania 

 

2.2. Higher Electric Demand, Even with Efficiency Measures 

!ǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ƘŜŀǘƛƴƎ ŀƴŘ ƻǘƘŜǊ ŜƴŜǊƎȅ ǳǎŜǎ ŀǊŜ ŜƭŜŎǘǊƛŦƛŜŘΣ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŘŜƳŀƴŘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ 

grows steeply over time in the PA-100%RE scenario. Figure 2 depicts the large difference in electric sales 
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between the Reference and PA-100%RE cases resulting from electrification of all fossil fuel non-energy 

uses. 

Figure 2. Electric sales in Pennsylvania 

 

Electric technologies are typically more efficient than their non-electric counterparts, so each conversion 

saves on energy. In addition, we asǎǳƳŜ ǘƘŀǘ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŎǳǊǊŜƴǘ ǳǎŜǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅτsuch as lighting 

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

more efficient in the PA-100%RE policy scenario. Figure 3 shows the impact of energy efficiency on 

current uses of electricity in both the Reference scenario and in the PA-млл҈w9 ǎŎŜƴŀǊƛƻΦ ¢ƘŜ άbƻ 99έ 

(No Energy Efficiency) trajectory is based on the ¦Φ{Φ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ ŜȄǇŜŎǘŜŘ ǊŀǘŜ 

of growth of electric sales for the Pennsylvania, Maryland, and Delaware region.3 In the Reference case, 

we assume energy efficiency efforts increase at historical rates for Pennsylvania, reaching a cumulative 

ǎŀǾƛƴƎǎ ƻŦ фΦо ǇŜǊŎŜƴǘ ƻǾŜǊ ǘƘŜ άbƻ 99έ ǘǊŀƧŜŎǘƻǊȅ ōȅ нлрлΦ Lƴ ǘƘŜ t!-100%RE case, we assume energy 

efficiency efforts are expanded more quickly to be consistent with the rates currently in place in states 

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

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

the Reference case.  

                                                           

3 Annual Energy Outlook (AEO) 2015 Reference case. 
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Figure 3. Impact of energy efficiency on current end uses 

 

2.3. Investing in Renewables Region-Wide 

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

Pennsylvania purchases an increasing number of in-state and out-of-state RECs, and the composition of 

electric generating resources in both Pennsylvania and the PJM region as a whole changes dramatically. 

Coal-fired power plants are retired more rapidly, no new natural gas power plants are built in the state, 

ŀƴŘ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ƛƴŎǊŜŀǎŜǎ 100-fold between 2010 and 2050 (see 

Figure 4). Through these REC purchases Pennsylvania pays for and takes ownership of renewable 

generation throughout the PJM region; remaining fossil fuel generation within the state is effectively 

exported to neighboring states that still have a demand for it. 
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Figure 4. Electric generating capacity in Pennsylvania 

 

Note: In this figure, άwŜŦέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ώǊŜŦŜǊŜƴŎŜϐ ǎŎŜƴŀǊƛƻ ŀƴŘ άtƻƭέ ǎƘƻǿǎ ǘƘŜ ώt!-млл҈w9ϐ ǎŎŜƴŀǊƛƻΦ нлмл IƛǎǘƻǊƛŎŀƭ όάIƛǎǘέύ 
levels are shown for comparison. 

tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ ŦƻǊ ƻƴǎƘƻǊŜ ǿƛƴŘΣ ǳǘƛƭƛǘȅ ǎƻƭŀǊ ǇƘƻǘƻǾƻƭǘŀƛŎǎ όt±ύΣ ŀƴŘ ǊƻƻŦǘƻǇ 

solar PV grows rapidly in the PA-100%RE case (see Table 1).  

Table 1. Electric generating capacity (GW): 2015 actual and 2050 in the PA-100%RE scenario 

 2015 2050 

Onshore Wind   
Pennsylvania 1.4 9.2 
PJM 5.2 36.3 

Utility PV   
Pennsylvania <0.1 50.4 
PJM 1.6 141.5 

Rooftop PV   
Pennsylvania 0.3 22.5 
PJM 1.6 44.4 

 

Even the amount of renewables capacity built in the PA-100%RE scenario, however, 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 consideration of its economics. In the PA-100%RE scenario, wind capacity built by 2050 

represents about 77 percent of the technical potential, rooftop solar PV represents 52 percent of the 
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technical potential, and utility solar PV capacity built represents just 6 percent of the technical 

potential.4  

As depicted in Figure 5, utility solar PV and wind farms built in the PA-100%RE case take up just a small 

ǎƘŀǊŜ ƻŦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ total land area (the largest green circle). Similarly, rooftop solar PV uses only a 

ǇŀǊǘ ƻŦ ǘƘŜ ǘƻǘŀƭ ǇƻǘŜƴǘƛŀƭ ǊƻƻŦ ŀǊŜŀ ƛƴ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΦ tƘƛƭŀŘŜƭǇƘƛŀ /ƻǳƴǘȅΩǎ ƭŀƴŘ ŀǊŜŀ ŀƴŘ ǘƘŜ ŀǊŜŀ 

currently occupied by residential, commercial, and industrial rooftops in Pennsylvania are included for 

context. 

Figure 5. Land footprint taken by renewables in 2050 

 

By 2050, in the PA-100%RE scenario, 57 percent of all electricity generated in Pennsylvania comes from 

renewables (see Figure 6). (The remaining 43 percent ƻŦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ǇǊƻŘǳŎŜŘ 

using natural gas and is effectively exported out of state.) Pennsylvania generation is not, however, large 

ŜƴƻǳƎƘ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ƴŜǿΣ ŦŀǊ ƎǊŜŀǘŜǊ ŘŜƳŀƴŘ ŦƻǊ ŜƭŜŎǘǊƛŎƛǘȅ ƛƴ ǘƘŜ t!-100%RE case 

(sales reach 510 TWh in 2050). 

                                                           

4 National Renewable Energy Laboratory (NREL). "Estimating Renewable Energy Economic Potential in the United States: 

Methodology and Initial Results," www.nrel.gov/docs/fy15osti/64503.pdf and "Rooftop Solar Photovoltaic Technical Potential 
in the United States: A Detailed Assessment," www.nrel.gov/docs/fy16osti/65298.pdf.  

http://www.nrel.gov/docs/fy15osti/64503.pdf
http://www.nrel.gov/docs/fy16osti/65298.pdf
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Figure 6. Electric generation in Pennsylvania 

 

Achieving complete decarbonization in Pennsylvania by 2050 requires imported renewable generation 

from other members of the PJM electric operation system. In both the Reference and PA-100%RE cases, 

Pennsylvania exports fossil fuel power electricity to the rest of PJM. In the PA-100%RE case, however, 

Pennsylvania becomes a big net importer: importing more renewable-powered electricity than its export 

of fossil fuel power electricity (see Figure 7). 

Figure 7. Net electricity exports from and imports to Pennsylvania 

 

Note: In this figure, negative numbers indicate overall net imports of electricity to the state of Pennsylvania, whereas positive 
numbers indicate overall net exports 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 in 

ǘƘŜ tWa ǊŜƎƛƻƴ ǘƻ ƳŜŜǘ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǊŜƴŜǿŀōƭŜ ǇƻǊǘŦƻƭƛƻ ǎǘŀƴŘŀǊŘΦ Lƴ ǊŜǎǇƻƴǎŜ ǘƻ ƛƴcreased demand 

for both electricity and RECs in the PA-100%RE case, Pennsylvania stakes a claim to much of the greater 

ǎƘŀǊŜ ƻŦ ǘƘŜ ǊŜƎƛƻƴΩǎ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴΣ ŀƴŘ ǘƘŜ tWa ǊŜƎƛƻƴ όƻǘƘŜǊ ǘƘŀƴ tŜƴƴǎȅƭǾŀƴƛŀύ ōǳƛƭŘǎ моу 

new GW of renewables from 2010 to 2050 to supply both Pennsylvania and the existing renewable 

portfolio standards in other PJM states. Figure 8 presents the impact that the PA-100%RE scenario has 

on the growth in renewables over time in the larger PJM region as a whole. Pennsylvania buys 89 

percent of all PJM RECs in the PA-100%RE case (compared to 24 percent in the Reference case) and 

stimulates the growth of renewables throughout the region. By 2050, other 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 PA-100% case in order to further reduce the consumption of fossil fuels. 

Figure 8. Electric generation in PJM 

 

2.4. Zero Greenhouse Gas Emissions for Pennsylvania 

Overtime, all energy use in Pennsylvania is electrified and all electricity is generated by renewable 

ǊŜǎƻǳǊŎŜǎΦ .ȅ нлрлΣ ƳǳŎƘ ƻŦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ǇǊƻvided through both in- and out-

of-state purchases of renewables. Figure 9 ǎƘƻǿǎ Ƙƻǿ ǘƘŜ ǎƘŀǊŜǎ ƻŦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ 

from various electric and non-electǊƛŎ ŦǳŜƭ ǎƻǳǊŎŜǎ ŎƘŀƴƎŜǎ ƻǾŜǊ ǘƛƳŜΦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ƻǾŜǊŀƭƭ ŜƴŜǊƎȅ ǳǎŜ 

decreases by one-third as a result of end-use electrification and energy efficiency measures. 
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Figure 9. Total energy consumption in Pennsylvania in the PA-100%RE scenario 

 

Note that although Pennsylvania continues to host CO2-emitting natural gas generators through 2050, 

ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǇǊƻŘǳŎŜŘ ōȅ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǊŜƳŀƛƴƛƴƎ ƴŀǘǳǊŀƭ Ǝŀǎ ǇƻǿŜǊ Ǉƭŀƴǘǎ ƛǎ ŜŦŦŜŎǘƛǾŜƭȅ ŜȄǇƻǊǘŜŘΦ 

Sufficient in- and out-of-state RECs are purchased to fully match the amount of electricity used by 

Pennsylvanians offsetting emissions from the remaining CO2-emitting sources. Because Pennsylvania 

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

demand for fossil fuel-ŦƛǊŜŘ ŜƭŜŎǘǊƛŎ ƎŜƴŜǊŀǘƛƻƴ ƛƴ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ƴŜƛƎƘōƻǊƛƴƎ ǎǘŀǘŜǎΣ ƻǊ ǎŜǇŀǊŀǘŜ 

policies directed at energy production would be required to ensure that Pennsylvania no longer hosts 

emitting generators. Until that time, even in the PA-100%RE scenario, energy extraction and production 

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

from non-CO2 greenhouse gases including methane. 

tŜƴƴǎȅƭǾŀƴƛŀΩǎ /h2 emissions (shown in Figure 10) are its: 

¶ emissions from non-electric energy sources, plus 

¶ emission from electric generation physically located in Pennsylvania, less 

¶ emissions exported along with exported electricity. 

tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǇǳǊŎƘŀǎŜ ƻŦ w9/ǎ ŜƴǎǳǊŜǎ ǘƘŀǘ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘ ƛǎ ŀǿŀǊŘŜŘ ŎǊŜŘƛǘ ŦƻǊ ǘƘŜ ǊŜƴŜǿŀōƭŜ 

generation that it provides incentives for regardless of where they are located in the PJM region. As a 

ǊŜǎǳƭǘΣ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƳissions fall from over 250 million metric tons in 2015 to zero in 2050 in the PA-

100%RE scenario. 
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Figure 10Φ tŜƴƴǎȅƭǾŀƴƛŀΩǎ CO2 emissions inventory 

 

Each of the strategies employed in the PA-100%RE case has a different impact on the emissions that 

would have occurred in the Reference case but are instead avoided (see Table 2).  

Table 2. Share of 2050 CO2 emissions reductions (difference between Reference and PA-100%RE cases) 

 Share of 2050 CO2 
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 electrification is one of the largest single drivers of emission reductions; by itself this 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 strategies account for especially large shares of total emission reductions 

because they impact end-uses that do not experience substantial emission reductions in the Reference 

case. ¢ƘŜ άwŜƴŜǿŀōƭŜǎέ ŎŀǘŜƎƻǊȅ ƛǎ ŀƭǎƻ ŀ ƭŀǊƎŜ ŘǊƛǾŜǊ ƻŦ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴǎτthis category represents 
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both the in-state renewables and RECs purchased to power existing electric end-uses, and the emissions 

displaced from newly-electrified sectors of the economy. 

Electric sector direct emissions of criteria pollutants (not including any upstream impacts from 

extraction), including nitrogen oxides (NOX), sulfur dioxides (SO2), and mercury (Hg) fall in both the 

Reference and PA-100% RE scenarios (see Figure 11, Figure 12, and Figure 13). These pollutants have 

been demonstrated to cause smog and acid 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 PA-100%RE case (see Figure 14 and Figure 15). All five of the environmental impacts depicted here 

show dramatic improvements even in the Reference scenario as a result of scheduled coal retirements 

and environmental retrofits at power plants. These environmental impacts are reduced even more 

rapidly in the PA-100%RE scenario than in the Reference scenario.  

Electrification of load at this scale could take decades at an aggressive pace. As a result, in the early 

years of the study period, electrification of load outpaces the transformation of the power sector, and 

criteria pollutant emissions increase. This is an unfortunate but temporary side-effect 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 load ς representing point sources of fossil fuel 

combustion across the state ς are no longer emitting those same criteria pollutants at the point of use. 

Figure 11. NOX emissions from PennsylvaniaΩǎ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ 

 

Note: Data in this figure only contains NOX emissions from electric generators. It does not include NOX emissions from the 
transportation, residential, commercial, or industrial sectors. As a result, this figure does not quantify the significant NOX 
emission reductions from non-electric sources, which together make up around 80 percent of all NOX emissions. 
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Figure 12. SO2 emissions from PennsylvaniaΩǎ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ 

 

Note: Data in this figure only contains SO2 emissions from electric generators. It does not include SO2 emissions from the 
transportation, residential, commercial, or industrial sectors. 

Figure 13. Mercury (Hg) ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ 

 

Note: Data in this figure only contains mercury emissions from electric generators. It does not include mercury emissions from 
the transportation, residential, commercial, or industrial sectors. 
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Figure 14. Water withdrawals in PennsylvaniaΩǎ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ 

 

Note: This figure does not include water withdrawals associated with upstream uses, including hydraulic fracking.  

Figure 15. Water consumption in PennsylvaniaΩǎ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ 

 

Note: This figure does not include water consumption associated with upstream uses, including hydraulic fracking.  
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2.5. Lower Energy Expenditure with Renewables and Efficiency 

Energy expenditures are lower in the PA-100%RE case than in the Reference case. Electric sector and 

fuel cost savings included in our modeling amount to $134 billion over the 2015 to 2050 period, and $9 

billion in 2050 alone in electric bill and fuel cost savings (see Figure 16). 

Figure 16. Energy expenditures in Pennsylvania 

 

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 non-electric sectors but the 

cost of implementing new policies 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 potentially higher costs of EVs 

and new non-electric 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 and industrial sectors and build new renewable resourcesτnot modeled hereτ

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 the benefits of job 

gains resulting from the PA-100%RE scenario. In comparison to the reference case, in the PA-100%RE 

scenario we calculate that between 2016 and 2050, Pennsylvania could see a net increase of nearly 

500,000 job-years, or an average of 14,300 job-years per year during the study period.5 These jobs result 

from new investment in renewables and energy efficiency.  

                                                           

5 ! άƧƻō-ȅŜŀǊέ ƛǎ equivalent to the employment of one full-time worker for the period of one year. 
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3. t9bb{¸[±!bL! .!/YDwh¦b5 

Pennsylvania is a notable energy producer, electricity exporter, and electricity market pioneer. As the 

sixth most populous state with 12.8 million residents,6 Pennsylvania was the third-largest energy 

producing state in the United States in 2013 behind Texas and Wyoming, producing 5,880 trillion BTU.7 

Pennsylvania is also the largest electricity exporter in the nation, with nearly one-third of energy 

generated exported;8 in-state electric consumption totaled 3,795 trillion BTU in 2013.9 

3.1. Energy Sector Overview 

As presented in Figure 17, the industrial sector is the largest energy user in Pennsylvania, highlighting 

the significant presence of energy-intensive industries in the state.  

Figure 17. Pennsylvania energy use by sector (trillion BTU), 2013 

 
Source: EIA, ά¢ŀōƭŜ CолΥ ¢ƻǘŀƭ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴΣ tǊƛŎŜΣ ŀƴŘ 9ȄǇŜƴŘƛǘǳǊŜ 9ǎǘƛƳŀǘŜǎΣ нлмоΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ моΣ нлмсΦ  

Greenhouse gas emissions 

Most greenhouse gas emissions related to energy come from electricity generation, transportation, and 

industrial uses in Pennsylvania (see Figure 18). In its Draft Climate Change Action Plan, the Pennsylvania 

Department of Environmental Protection (PA DEP) estimated 2012 gross greenhouse gas emissions at 

                                                           

6 U.S. Energy Information Administration (EIA)Φ άtŜƴƴǎȅƭǾŀƴƛŀΥ tǊƻŦƛƭŜ 5ŀǘŀΦέ Accessed April 13, 2016. 

www.eia.gov/state/data.cfm?sid=PA#ConsumptionExpenditures. 

7 9L!Φ άwŀƴƪƛƴƎǎΥ ¢ƻǘŀƭ 9ƴŜǊƎȅ tǊƻŘǳŎǘƛƻƴΣ нлмоΦέ !ccessed April 13, 2016.  www.eia.gov/state/rankings/?sid=PA#series/101. 

8 Pennsylvania Department of Environmental Protection (PA DEP). 2015. Draft 2015 Climate Change Action Plan, 9. 

www.portal.state.pa.us/portal/server.pt/document/1612924/draft_2015_climate_change_action_plan_update_(10-21-
2015)_pdf. 

9 EIA, Pennsylvania: Profile Data. 
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287.38 MMTCO2e. This was an 11 percent decrease relative to 2000 due mainly to carbon emissions 

from electric generation by coal being increasingly replaced with natural gas.10  

Figure 18. Pennsylvania greenhouse gas emissions by sector, 2015 (estimated) 

 

Source: Pennsylvania Department of Environmental Protection. Draft 2015 Climate Change Action Plan. 

Energy production 

Historically a coal mining state, Pennsylvania produced 6 ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ Ŏƻŀƭ ƛƴ нлмп.11 More 

recently, the widespread adoption of hydraulic fracturing drilling techniques has allowed drillers to gain 

access to natural gas in the Marcellus and Utica shale formations. This has rapidly propelled natural gas 

production in Pennsylvania, which now trails only Texas in annual production.12 

Electricity market 

Pennsylvania was one of the first 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 percent of industrial customers, 45 percent of commercial 

customers, and 34 percent of residential customers.13  

Eleven investor-owned electric distribution companies (EDCs) deliver electricity to most Pennsylvania 

customers. Cooperatives and municipal systems provide service to several rural and urban areas. This 

                                                           

10 PA DEP, Draft 2015 Climate Change Action Plan, 9. Note: Greenhouse gas emissions, which include a Forestry and Land Use 

sector sink of 36.26 MMTCO2e, were estimated at 253.12 MMTCO2e. 

11 9L!Φ άwŀƴƪƛƴƎǎΥ /ƻŀƭ tǊƻŘǳŎǘƛƻƴΣ нлмоΦέ !ŎŎŜǎǎŜŘ !pril 13, 2016. www.eia.gov/state/rankings/?sid=PA#series/48. 

12 9L!Φ άwŀƴƪƛƴƎǎΥ bŀǘǳǊŀƭ Dŀǎ aŀǊƪŜǘŜŘ tǊƻŘǳŎǘƛƻƴΣ нлмпΦέ Accessed April 13, 2016. 

www.eia.gov/state/rankings/?sid=PA#series/47. 

13 Corbett, T. 2014. Energy = Jobs: Pennsylvania State Energy Plan, 34.  
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includes 14 electric distribution cooperatives in Pennsylvania and Sussex County, New Jersey serving 

600,000 rural customers.14  

The 11 investor-owned EDCs regulated by the Pennsylvania Public Utility Commission (PUC) are:  

¶ Citizens' Electric Company  

¶ Duquesne Light Company  

¶ Metropolitan Edison Company (FirstEnergy)  

¶ 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 Inc. ς Electric Division  

¶ Wellsboro Electric Company  

¶ West Penn Power Company (FirstEnergy)15 

Pennsylvania is wholly within the footprint of the PJM Interconnection, LLC, a regional transmission 

organization that also serves all or part of Delaware, Illinois, Indiana, Kentucky, Maryland, Michigan, 

New Jersey, North Carolina, Ohio, Tennessee, Virginia, West Virginia, and the District of Columbia. 

Headquartered in Valley Forge, Pennsylvania, PJM is one of the largest wholesale electricity markets in 

the world. 

Electric generation 

Pennsylvania is the third-largest generator of electricity in the nation and currently has approximately 

200 major electric generation facilities.16 With nine nuclear reactors at five power plants, Pennsylvania 

generated a majority of its electricity from nuclear power in 2015, producing more than any state except 

for Illinois (see Figure 19 and Figure 20).17 Coal and natural gas account for most of the balance of 

electricity generation. Natural gas has grown from only 1 percent of electric generation in 2000 to more 

                                                           

14 tŜƴƴǎȅƭǾŀƴƛŀ wǳǊŀƭ 9ƭŜŎǘǊƛŎ !ǎǎƻŎƛŀǘƛƻƴΦ ά9ƭŜŎǘǊƛŎ /ƻƻǇŜǊŀǘƛǾŜǎ ƛƴ tŜƴƴǎȅƭǾŀƴƛŀ ŀƴŘ bŜǿ WŜǊǎŜȅΦέ Accessed April 13, 2016. 

www.prea.com/Content/member-cooperatives.asp. 

15 Pennsylvania Public Utilities Commission (PA PUC). 2015. Electric Power Outlook for Pennsylvania. 

www.puc.pa.gov/General/publications_reports/pdf/EPO_2015.pdf. 

16 PA DEP, Draft 2015 Climate Change Action Plan, 9. 

17 Corbett, T, Pennsylvania State Energy Plan, 19. 
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than 27 percent in 2015, with coal declining from 57 percent of generation to just above 30 percent 

during the same period.18  

Figure 19. Sources of electric generation in Pennsylvania, 2000-2015 

 

Source: EIAΦ ά9ƭŜŎǘǊƛŎƛǘȅ 5ŀǘŀ .ǊƻǿǎŜǊέ 

Figure 20. Pennsylvania electricity sources, 2015 

 

Source: ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ ϧ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅΦ ά{ǘŀǘŜ ϧ [ƻŎŀƭ 5ŀǘŀΦέ  

                                                           

18 
Corbett, T, Pennsylvania State Energy Plan, 9. 
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As shown in the Table 3 below, coal led all generation sources as recently as 2014 (the most recent year 

for which complete data was available) in terms of installed capacity (14.2 GW) and generation, leading 

natural gas (11.9 GW) and nuclear (9.6 GW).  

Table 3. Pennsylvania electric capacity and generation, 2014 

Source Capacity (MW) Generation (MWh) 

Coal 14,214 78,985,629 

Hydroelectric 893 2,641,157 

Natural gas 11,926 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 (Utility-Scale) 42 62,392 

Wind 1,334 3,564,730 

Wood 121 549,077 

Total 42,723 221,058,365 

Source: 9L!Φ ά¢ŀōƭŜ пΥ 9ƭŜŎǘǊƛŎ tƻǿŜǊ LƴŘǳǎǘǊȅ /ŀǇŀōƛƭƛǘȅ ōȅ tǊƛƳŀǊȅ 9ƴŜǊƎȅ {ƻǳǊŎŜΣ мффл ¢ƘǊƻǳƎƘ нлмпΥ tŜƴƴǎȅƭǾŀƴƛŀΦέ and 
ά¢ŀōƭŜ рΥ 9ƭŜŎǘǊƛŎ tƻǿŜǊ LƴŘǳǎǘǊȅ DŜƴŜǊŀǘƛƻƴ ōȅ tǊƛƳŀǊȅ 9ƴŜǊƎȅ {ƻǳǊŎŜΣ мффл ǘƘǊƻǳƎƘ нлмпΦέ  

As depicted in Figure 21, while currently comprising a small proportion of electricity generation, 

renewable energy sources are growing. tŜƴƴǎȅƭǾŀƴƛŀΩǎ ŀƭǘŜǊƴative energy portfolio standard requires 

annual increases in the proportion of electricity generated by alternative energy. In 2014, approximately 

3.2 percent of electricity was generated from wind, water, and solar sources. An additional 1.5 percent 

comes from biomass, biogas, landfill gas, and coal mine methane.19 

                                                           

19 PA PUC. 2016. 2014 Annual Report: Alternative Energy Portfolio Standards Act of 2004.  
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Figure 21. Renewable energy electricity generation in Pennsylvania, 2001-2015 

 

Source: 9L!Φ ά9ƭŜŎǘǊƛŎƛǘȅ 5ŀǘŀ .ǊƻǿǎŜǊΦέ Note that distributed solar is omitted from the chart due to a lack of data availability; 
ǎŜŜ ǎŜŎǘƛƻƴ ά5ƛǎǘǊƛōǳǘŜŘ DŜƴŜǊŀǘƛƻƴέ ōŜƭƻǿ ŦƻǊ ŘŜǘŀƛƭǎΦ 

The 258 MW of total solar PV installed in Pennsylvania ranks it 15th in the United States20; however, the 

state ranked only 25th and 24th in 2014 and 2015, respectively, in terms of new capacity additions.21 

This indicates that 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.22 Electricity prices 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 average.23 As shown in Figure 22, the residential and commercial sectors each account for a 

                                                           

20 {ƻƭŀǊ 9ƴŜǊƎȅ LƴŘǳǎǘǊƛŜǎ !ǎǎƻŎƛŀǘƛƻƴΦ άtŜƴƴǎȅƭǾŀƴƛŀ {ƻƭŀǊΦέ Accessed April 13, 2016. www.seia.org/state-solar-

policy/pennsylvania. 

21 GTM Research. 2016. U.S. Solar Market Insight: 2015 Year-in-Review: Executive Summary, 9. 

22 9L!Φ ά¢ŀōƭŜ фΦ wŜǘŀƛƭ 9ƭŜŎǘǊƛŎƛǘȅ {ŀƭŜǎ {ǘŀǘƛǎǘƛŎǎΣ нлмпΥ tŜƴƴǎȅƭǾŀƴƛŀΦέ Accessed April 14, 2016. 

www.eia.gov/electricity/state/pennsylvania/. 

23 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 sources.  

Figure 22. Pennsylvania electricity sales by sector, 2014 

 

Source: 9L!Φ ά{ǘŀǘŜ 9ƴŜǊƎȅ 5ŀǘŀ {ȅǎǘŜƳΦέ  

Distributed generation 

While not yet a substantial proportion of electricity generated in Pennsylvania, distributed generation 

capacity has grown steadily in recent years. The vast majority of the 220 MW of net-metered distributed 

generation systems are solar PV, with only 1 MW of distributed wind and 32 MW of other distributed 

energy resources in Pennsylvania. Specifically, there were 9,578 solar net metering customers with a 

total of 188 MW of capacity through the end of 2015 (see Figure 23). EIA estimates distributed PV 

generated more than 217,500 MWh in 2015.24 Of the installed distributed generation PV 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.  

                                                           

24 9L!Φ άCƻǊƳ 9L!-унс ŘŜǘŀƛƭŜŘ ŘŀǘŀΥ {ƻƭŀǊ t± ŜǎǘƛƳŀǘŜΦέ Accessed April 13, 2016. www.eia.gov/electricity/data/eia826/. 
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Figure 23. Solar PV net metering capacity in Pennsylvania 

 

Source: 9L!Φ άCƻǊƳ 9L!-унс ŘŜǘŀƛƭŜŘ ŘŀǘŀΥ bŜǘ ƳŜǘŜǊƛƴƎΣέ όнлмоΣ нлмпΣ нлмрύΦ  

Commercial and residential energy use 

Space heating (50 percent) and cooling (3 percent) and water heating (15 percent) are responsible for a 

majority of electricity used in Pennsylvania homes, with the remainder used by appliances and 

lighting.25 Slightly more than half of Pennsylvania households used natural gas as their primary home 

heating fuel in 2013, while 22 percent use electric heating, 18 percent use fuel oil, and 4 percent use 

liquid petroleum gases (see Figure 24).26 Electricity is the primary energy source used to cool 

households, with 56 percent using central air conditioning and one-third using individual window/wall 

units.27 

 

                                                           

25 9L!Φ άIƻǳǎŜƘƻƭŘ 9ƴŜǊƎȅ ¦ǎŜ ƛƴ tŜƴƴǎȅƭǾŀƴƛŀΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ моΣ н016.  

www.eia.gov/consumption/residential/reports/2009/state_briefs/pdf/pa.pdf. 

26 EIA, Pennsylvania: Profile Data. 

27 PA DEP, Draft 2015 Climate Change Action Plan, 10. 
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Figure 24. Residential heating and cooling in Pennsylvania homes 

 

Source: Reproduced from 9L!Φ άIƻǳǎŜƘƻƭŘ 9ƴŜǊƎȅ ¦ǎŜ ƛƴ tŜƴƴǎȅƭǾŀƴƛŀΦέ Note: The figures indicate the proportion of homes in 
Pennsylvania using the fuel as the primary source for heating and cooling. 

Combining a U.S. average for commercial buildings28 and a Pennsylvania-specific average for the 

residential sector,29 approximately 20 percent of space heating and 31 percent of water heating is 

already electrified.30 Beyond space conditioning and water heating, most other end-uses in residential 

and commercial buildings 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, industrial processes, 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 natural gas (35 percent), coal (22 percent), and petroleum fuels (22 percent) making up the 

majority of industrial energy use (see Figure 25).31 Energy-intensive industries in the state include 

agriculture; mining; aluminum, steel and related heavy manufacturing; forest products; and tourism. 

                                                           

28 9L!Φ ά/ƻƳƳŜǊŎƛŀƭ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴ {ǳǊǾŜȅΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ 14, 2016. www.eia.gov/consumption/commercial/. 

29 9L!Φ άwŜǎƛŘŜƴǘƛŀƭ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴ {ǳǊǾŜȅΦέ !ccessed April 14, 2016. www.eia.gov/consumption/residential/. 

30 The averages are calculated on a weighted basis based on the relative energy consumption of each sector. 

31 9L!Φ ά¢ŀōƭŜ /¢сΥ LƴŘǳǎǘǊƛŀƭ {ŜŎǘƻǊ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴ Estimates, 1960-нлмоΦέ 
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Figure 25. Pennsylvania industrial sector energy consumption, 2013 

 

Source: 9L!Φ ά¢ŀōƭŜ /¢сΥ LƴŘǳǎǘǊƛŀƭ {ŜŎǘƻǊ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴ 9ǎǘƛƳŀǘŜǎΣ мфсл-нлмоΦέ 

According to the Statewide Evaluator Team, which conducts monitoring, verification, and assessments 

related to electric distribution company energy efficiency and conservation programs in Pennsylvania, 

the industrial sector has a technical energy savings potential of 13 percent by 2020, and 24.6 percent by 

2025, relative to 2010.32 

Transportation 

The primary energy source fueling transportation needs in Pennsylvania is petroleum, which accounts 

for 95 percent of energy use in the transportation sector.33 In 2013, there were 98.3 million vehicle 

miles traveled in Pennsylvania, ranking ninth in the United States.34  

tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ infrastructure includes: 

¶ 23 interstate highways totaling 1,953 miles crossing through the state, accounting for 24 

percent of all vehicle traffic,35  

¶ 3,874 gas stations in 2012,36 

                                                           

32 Statewide Evaluation Team. 2015. Energy Efficiency Potential Study for Pennsylvania, 49. 

33 Corbett, T, Pennsylvania State Energy Plan, 38. 

34 EIA, Pennsylvania: Profile Data. 

35 Corbett, T, Pennsylvania State Energy Plan, 49. 

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

cargo every year,37 

¶ 5,000 miles of railroads,38 and 

¶ A deep-water port in Philadelphia (4th largest in the United States for handling imported 

goods), an inland port in Pittsburgh, and a Great Lakes port in Erie.39 

Between 2015 and 2030, energy ǳǎŜ ƛƴ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎtor is expected to decrease by 

0.52 percent each year due to increasing federal fuel economy regulations for light-duty vehicles.40 

Furthermore, the Pennsylvania Clean Vehicles Program requires that new vehicles be certified by the 

California Air Resources Board, the requirements of which include greenhouse gas standards in addition 

to other air pollutants.  

As shown in Figure 26, almost all of the energy powering transportation uses in Pennsylvania are derived 

from petroleum, with small portions from natural gas and electricity. 

Figure 26. Transportation fuels consumed in Pennsylvania, 2013 (trillion BTU) 

 

Source: 9L!Φ ά{ǘŀǘŜ 9ƴŜǊƎȅ 5ŀǘŀ {ȅǎǘŜƳΦέ  

                                                           

37 Corbett, T, Pennsylvania State Energy Plan, 50. 

38 Corbett, T, Pennsylvania State Energy Plan, 51. 

39 Corbett, T, Pennsylvania State Energy Plan, 51. 

40 PA DEP, Draft 2015 Climate Change Action Plan, 82. 
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3.2. Renewable Energy and Energy Efficiency Progress 

Pennsylvania has 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 starting point and a 

ǳǎŜŦǳƭ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŀŎŎŜƭŜǊŀǘƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘǊŀƴǎƛǘƛƻƴΦ  

Renewable energy 

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

requires each EDC and electric generation supplier to retail electric customers in Pennsylvania to supply 

specific amounts of electricity sourced from alternative energy each year, with an end target of 18 

percent by the June 2020 ς aŀȅ нлнм ŎƻƳǇƭƛŀƴŎŜ ȅŜŀǊ όά/¸ нлнмέύΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ ƛƴ ǘƘŀǘ Ŧƛƴŀƭ ȅŜŀǊΣ лΦр 

percent must come from solar PV, 8 percent must come from Tier I sources (including the solar PV 

carve-out), and at least 10 percent must come from Tier II sources. 

Tier I alternative energy sources include solar PV, solar thermal, wind, low-impact hydropower, 

geothermal electric, biomass, biologically derived methane gas (anaerobic digestion), fuel cells, and coal 

mine methane. Tier II alternative energy sources include waste coal, distributed generation systems, 

demand-side management, large-scale hydropower, municipal solid waste, generation of electricity 

utilizing by-products of the pulping process and wood manufacturing process, and integrated combined 

coal gasification technology.41 /ƭŜŀǊƭȅΣ ƴƻǘ ŀƭƭ άŀƭǘŜǊƴŀǘƛǾŜέ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ŀǊŜ ŜƭƛƎƛōƭŜ ¢ƛŜr I or 

Tier II resources under the AEPS are renewable, environmentally sustainable resources. For instance, 

waste coal and coal mine methane qualify for the AEPS, as do facilities that may use natural gas such as 

fuel cells, small cogeneration and industrial blast furnaces. Likewise, pumped storage hydropower 

reservoirs may be charged using fossil generation resources. Pennsylvania has historically met a 

substantial portion of AEPS requirements with resources other than wind, water, and solar.  

Energy 101: An overview of other energy sources 

Most people are familiar with traditional sources of energy: coal, natural gas, petroleum (oil, gasoline, 

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

thŜǊŜ ŀǊŜ Ƴŀƴȅ ƻǘƘŜǊ ǎƻǳǊŎŜǎ ƻŦ ŜƴŜǊƎȅ ǘƘŀǘ ŀǊŜ ŀƭǎƻ ŜƭƛƎƛōƭŜ ŀǎ άŀƭǘŜǊƴŀǘƛǾŜ ŜƴŜǊƎȅέ ǎƻǳǊŎŜǎ ƛƴ 

Pennsylvania. Under the Pennsylvania AEPS, each of these resources has a distinct definition. For the 

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

¶ 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 electricity. This includes landfill gas as well as 
anaerobic digesters that use animal waste (e.g., livestock farms) or human waste 
(wastewater treatment plants). 

                                                           

41 73 P.S. § 1648.1-1648.8 
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¶ Biomass: Electricity produced from the combustion of plant matter or solid 
nonhazardous cellulosic waste material (e.g., pallets, tree trimmings, and agricultural 
residues).  

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

¶ Demand-Side Management: Technologies or management practices that shift electric 
load from periods of high demand to low demand, including solar water heating 
facilities, and industrial by-products (e.g., blast furnace exhaust gas) used to generate 
electricity. 

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

¶ Fuel cell: An electrochemical device that converts chemical energy in a hydrogen-rich 
fuel directly into electricity, heat, and water without combustion. In Pennsylvania fuel 
cells are not required to use hydrogen sourced from renewable sources, thus fuel cells 
that use natural gas as a fuel are permitted to qualify for the AEPS.  

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

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

¶ Large-Scale Hydropower: Hydropower that does not meet the definition of low-impact 
hydropower. This includes pumped storage hydropower facilities, in which water is 
pumped from low elevation to a higher elevation reservoir and released to generate 
electricity when needed. Most often the pumping power is provided by inflexible 
baseload electricity generation facilities (e.g., coal or nuclear) with excess generation 
capability during off-peak hours.  

¶ Low-Impact 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.  

¶ Municipal Solid Waste: Energy from existing waste-to-energy facilities (i.e., solid waste 
incinerators) that are in compliance with environmental regulations. 

¶ Waste Coal: Previously discarded coal of low-energy value that is combusted to 
generate electricity in a coal plant that has certain environmental pollution control 
measures in place.  

EDCs and electric generation suppliers comply with their AEPS requirements by retiring alternative 

energy credits, which equals one MWh of qualified generation. EDCs and electric generation suppliers 

can obtain alternative energy credits from anywhere in the 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 towards compliance. 

In the most recent AEPS compliance report published in January 2016, the Pennsylvania PUC found that 

all EDCs complied with their CY 2014 requirements, but four electric generation suppliers did not, and 

were therefore required to pay alternative compliance payments for the amount of the requirement 

they failed to meet.42 Tier I requirements were met primarily by wind (61 percent), landfill gas (18 

percent), and wood and wood waste (14 percent). Tier II requirements were met primarily with hydro 

pumped storage (56 percent), waste coal (36 percent), and conventional hydro (4 percent). The solar PV 

requirement was met mostly with in-state resources (85 percent), whereas only 31 percent of all Tier I 

resources and 65 percent of Tier II resources were located in Pennsylvania. 

Table 4 shows that 64.1 percent of Tier I, 4.0 percent of Tier II, and 100 percent of the solar carve-out 

AEPS obligations were met using wind, water, and sun (excluding pumped hydro) in 2014, or 3.2 percent 

of total Pennsylvania sales. 

Table 4. 2015 AEPS compliance using water, wind, and solar sources 

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

Wind 60.8% 

Conventional Hydro 3.3% 

Total 64.1% 

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

Conventional Hydro 3.7% 

DG 0.3% 

Total 4.0% 

  
Wind, Water, or Solar? % of 2014 Solar Carve-Out 

Solar PV 100% 

Total 100% 

Source: άtŜƴƴǎȅƭǾŀƴƛŀ PUC. 2014 Annual Report: Alternative Energy Portfolio Standards Act of 2004. 

Twenty-nine states and the District of Columbia have renewable portfolio standards (RPS), and 8 states 

have a renewable portfolio goal. wŜƭŀǘƛǾŜ ǘƻ wt{ ǇƻƭƛŎƛŜǎ ƛƴ ƻǘƘŜǊ ǎǘŀǘŜǎΣ tŜƴƴǎȅƭǾŀƴƛŀΩǎ !9tS is not 

particularly ambitious in terms of bringing additional renewable energy onto the grid. Both Tier I and II 

obligations, with the exception of the specific requirement for solar PV, can be met using resources 

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

In PJM, Illinois, Maryland, Delaware, New Jersey, and the District of Columbia all have an RPS with an 

end target of at least 20 percent renewable energy. This is significantly higher as a percentage of state 

                                                           

42 PA PUC, 2014 Annual Report. 
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electricity sales than the му ǇŜǊŎŜƴǘ άŀƭǘŜǊƴŀǘƛǾŜέ ŜƴŜǊƎȅ required by Pennsylvania in CY 2021. Notably, 

bŜǿ WŜǊǎŜȅΩǎ ǎǇŜŎƛŦƛŎ ǎƻƭŀǊ ŎŀǊǾŜ-out, requiring approximately 4.1 percent solar by 2027, has led to a 

solar boom in the state. More than 1,600 MW have been installed over nearly 44,000 installations in 

New Jersey as of February 29, 2016.43  

Because Pennsylvania generates more total electricity than other states in PJM, its annual renewable 

energy generation targets on an absolute basis exceed those of other state RPS targets, as shown in 

Figure 27. 

Figure 27. RPS/AEPS obligations for states in PJM Interconnection, 2010-2035 

 

Source: [ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΦ /ƻƳǇƛƭŜŘ ŦǊƻƳ άwt{ /ƻƳǇƭƛŀƴŎŜ 5ŀǘŀέ όCŜōǊǳŀǊȅ нлмсύ ŀƴŘ άwt{ 5ŜƳŀƴŘ 
tǊƻƧŜŎǘƛƻƴǎέ όaŀǊŎƘ нлмсύΦ bƻǘŜ ǘƘŀǘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻǘƘŜǊ ǘƘŀƴ ǿƛƴŘΣ ǿŀǘŜǊΣ ŀƴŘ ǎƻƭŀǊ ŀƴŘ ǎƻƳŜ ƴƻƴ-
renewable energy technologies are included in this figure, depending on the state-specific eligible technology criteria. 

                                                           

43 New Jersey Clean Energy Program. 2016. άwŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ /ƻƳƳƛǘǘŜŜ aŜŜǘƛƴƎ bƻǘŜǎ.έ Accessed April 13, 2016. 

www.njcleanenergy.com/files/file/Committee%20Meeting%20Postings/renewables/Renewable%20Energy%20Committee%
20Meeting%20Notes%20032416.pdf. 
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Distributed generation policies 

Pennsylvania has enacted one of the strongest net metering policies in the nation. It has earned ŀƴ ά!έ 

every year since 2007 in the annual Freeing the Grid report, which grades states on their distributed 

generation policies.44 All investor-owned utilities are required to offer net metering for residential 

systems up to 50 kW, non-residential systems up to 3 MW, and microgrid and emergency systems up to 

5 MW. SȅǎǘŜƳǎ Ŏŀƴƴƻǘ ŜȄŎŜŜŘ нлл ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŀƴƴǳŀƭ ƻƴ-site electricity consumption. 

There is no aggregate capacity limit, and virtual net metering is allowed. PJM states Ohio, West Virginia, 

Maryland, Delaware, and New Jersey ŀƭǎƻ ŜŀǊƴŜŘ ŀƴ ά!έ ŦƻǊ ƴŜǘ ƳŜǘŜǊƛƴƎΦ 

tŜƴƴǎȅƭǾŀƴƛŀ ŜŀǊƴŜŘ ŀ ά.έ ŦƻǊ ƛǘǎ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ǇƻƭƛŎȅ ƛƴ Freeing the Grid. The requirement that 

customers have a redundant external disconnect switch and the applicability of the policy to only 

investor-owned utilities are two limitations of the existing framework. Illinois, Ohio, Virginia, and North 

/ŀǊƻƭƛƴŀ ƘŀǾŜ ŀƭƭ ŜƴŀŎǘŜŘ ōŜǘǘŜǊ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ǇƻƭƛŎƛŜǎΣ ŜŀǊƴƛƴƎ ŀƴ ά!Σέ ŀƴŘ LƴŘƛŀƴŀΣ ²Ŝǎǘ ±ƛǊƎƛƴƛŀΣ 

aŀǊȅƭŀƴŘΣ 5ŜƭŀǿŀǊŜΣ ŀƴŘ bŜǿ WŜǊǎŜȅ ŀƭƭ ǊŜŎŜƛǾŜŘ ŀ ά.Φέ 

Energy efficiency 

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

ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ ƛǎ ǘƘŜ ǎǘŀǘŜΩǎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǊŜǎƻǳǊŎŜ ǎǘŀƴŘŀǊŘΣ the Energy Efficiency and 

Conservation Program, which was enacted in 2008 and implemented in 2009. The ǇǊƻƎǊŀƳΩǎ reduction 

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

reduce electricity consumption by 1 percent by the end of CY 2011, and 3 percent by the end of CY 2013 

relative to June 2009 ς May 2010 όάtƘŀǎŜ Lέύ. Applicable EDCs were also required to reduce peak 

demand by 4.5 percent by the end of CY 2013 relative to June 2007 ς May 2008 peak demand. 

Subsequently, the PUC extended these requirements in Phase II (CY 2014 ς CY 2016)45 and Phase III (CY 

2017 ς CY 2021)46 orders, as shown in Table 5. 

                                                           

44 Interstate Renewable Energy Council (IREC). άCǊŜŜƛƴƎ ǘƘŜ DǊƛŘ нлмрΦέ Accessed April 13, 2016. www.freeingthegrid.org.  

45 PA PUC. 2012. Implementation Order, Docket No. M-2012-2289411; August 2.  

46 PA PUC. 2015. Implementation Order, Docket No. M-2014-2424864; June 11. 



Synapse Energy Economics, Inc. 9ƴǾƛǎƛƻƴƛƴƎ tŜƴƴǎȅƭǾŀƴƛŀΩǎ 9ƴŜǊƎȅ CǳǘǳǊŜ  32  

Table 5. Pennsylvania utility energy efficiency resource standard, CY 2014-2021 

Utility  
Phase II (CY 2014 - CY 2016) Phase III (CY 2017 - CY 2021) 

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 (June 1, 2014 ς May 31, 2015), which falls in the second year of the three-year Phase 

II, the Statewide Evaluation Team found that the seven EDCs subject to the efficiency requirements had 

achieved 93 percent of the Phase II MWh/yr targets, or 2,5055,656 MWh/yr during Phase II.47 

The technical, economic, and achievable potential for energy efficiency in Pennsylvania is outlined in 

Table 6 and Table 7, reproduced from Energy Efficiency Potential Study for Pennsylvania.48 Technical 

ǇƻǘŜƴǘƛŀƭ ƛǎ άǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ƳŀȄƛƳǳƳ ŀƳƻǳƴǘ ƻŦ ŜƴŜǊƎȅ ǳǎŜ ǘƘŀǘ ŎƻǳƭŘ ōŜ ŘƛǎǇƭŀŎŜŘ by efficiency, 

disregarding non-ŜƴƎƛƴŜŜǊƛƴƎ ŎƻƴǎǘǊŀƛƴǘǎΦέ49 The economic potential is the portion of the technical 

potential that is cost-effective to implement, and the achievable potential is the portion of the economic 

ǇƻǘŜƴǘƛŀƭ ǘƘŀǘ άŎŀƴ ǊŜŀƭƛǎǘƛŎŀƭƭȅ ōŜ ǎŀǾŜŘ ƎƛǾŜƴ ǾŀǊƛƻǳǎ ƳŀǊƪŜǘ ōŀǊǊƛŜǊǎέ ŀƴŘ ƎƛǾŜƴ ǇǊƻƎǊŀƳ 

administration costs.50 The maximum achievable estimate represents a perfectly priced incentive 

amount, whereas the base achievable case is an estimate that assumes EDCs pay an historical incentive 

level of 57.5 percent of measured incremental costs for the residential sector and roughly 25 percent for 

the commercial and industrial sectors.51 

                                                           

47 Statewide Evaluation Team. Act 19 Statewide Evaluator Annual Report: Program Year 6: June 1, 2014-May 31, 2015 (March 

8, 2016), 3-7. Accessed April 14, 2016. www.puc.state.pa.us/Electric/pdf/Act129/SWE_PY6-Final_Annual_Report.pdf. 

48 Statewide Evaluation Team. 2015. Energy Efficiency Potential Study for Pennsylvania; Tables ES-1 and ES-2. 

49 Statewide Evaluation Team, Energy Efficiency Potential Study for Pennsylvania, 17. 

50 Statewide Evaluation Team, Energy Efficiency Potential Study for Pennsylvania, 20. 

51 Statewide Evaluation Team, Energy Efficiency Potential Study for Pennsylvania, 20-21. 
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Table 6. Statewide summary of potential savings and costs by scenario by year 

  

Table 7. Statewide cumulative annual potential by customer sector by year 

  

Although Pennsylvania is a large energy producer and electricity generator, per-capita 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 

average annual cost of $4,230.52 

                                                           

52 EIA, Pennsylvania: Profile Data. 
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Overall, Pennsylvania ranked 17th among states on the American Council for an Energy-Efficient 

9ŎƻƴƻƳȅΩǎ 2015 State Energy Efficiency Scorecard.53 Of states in PJM, only Maryland (7th), Illinois 

(10th), and Michigan (14th) scored higher (see Figure 28).  

Figure 28. !/999Ωǎ нлмр {ǘŀǘŜ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ {ŎƻǊŜŎŀǊŘ 

 

Source: Reproduced from !/999Φ ά{ǘŀǘŜ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ {ŎƻǊŜŎŀǊŘΦέ  

Building codes 

Pennsylvania has adopted statewide building codes, but the current codes are somewhat dated. 

Currently, the 2009 International Energy Conservation Code (IECC) remains in effect for both residential 

and commercial buildings in Pennsylvania.54 In comparison to Pennsylvania, 16 states have adopted 

more recent (i.e.,2012 or 2015) versions of the IECC residential building codes and 22 have adopted 

more recent commercial building codes.55 The more recent versions of the IECC are more stringent than 

older versions.  

  

                                                           

53 American Council for an Energy-Efficient Economy (ACEEE)Φ ά{ǘŀǘŜ 9ƴŜǊƎȅ 9ŦŦƛŎƛŜƴŎȅ {ŎƻǊŜŎŀǊŘΦέ Accessed April 13, 2016. 

www.aceee.org/state-policy/scorecard. 

54 Building Codes !ǎǎƛǎǘŀƴŎŜ tǊƻƧŜŎǘΦ ά{ǘŀǘŜ /ƻŘŜ {ǘŀǘǳǎΥ tŜƴƴǎȅƭǾŀƴƛŀΦέ ǿǿǿΦbcap-energy.org/code-

status/state/pennsylvania/. 

55 PA DEP, Draft 2015 Climate Change Action Plan, 52. 
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4. 9[9/¢wLCL/!¢Lhb hC ¢w!b{thw¢!¢Lhb 

The U.S. transportation sector is fueled primarily with petroleum fuels, including gasoline, diesel, and 

liquid petroleum. Currently in the United States, these petroleum fuels account for approximately 92 

percent of the energy consumed by the transportation sector.56 tŜƴƴǎȅƭǾŀƴƛŀΩǎ /h2 emissions follow this 

pattern, with the transportation sector accounting for 24 percent of energy-related CO2 emissions in 

2013.57 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 and other fossil fuel-powered vehicles will reduce 

CO2 as well as other harmful emissions.58 

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 concentration of 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 

excess renewable energy is being put onto the grid. They can deliver electricity back to the grid during 

peak demand in order to reduce the need for fossil fuel generation.59,60  

¢ǊŀƴǎƛǘƛƻƴƛƴƎ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊ ǘƻ EVs and taking advantage of the benefits that EVs 

can provide to the grid will require major changes to infrastructure and consumer behavior, but careful 

strong policy changes can take Pennsylvania to a zero-emissions transportation system. 

4.1. Transportation in Pennsylvania 

Despite the benefits of transitioning to EVǎΣ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊ ƛǎ ǎǘƛƭƭ ƘŜŀǾƛƭȅ 

ŘŜǇŜƴŘŜƴǘ ƻƴ ǇŜǘǊƻƭŜǳƳ ŦǳŜƭǎΦ Lƴ нлмоΣ ǘƘŜ ǎǘŀǘŜΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊ ǳǎŜŘ ƻǾŜǊ мсп Ƴƛƭƭƛƻƴ ōŀǊǊŜƭǎ 

of petroleum fuels, including over 117 million barrels of motor gasoline (see Figure 29).61 Within the 

transportation sector, gasoline-powered on-road vehicles contribute the most to greenhouse gas 

                                                           

56 9L!Φ нлмсΦ άaƻƴǘƘƭȅ 9ƴŜǊƎȅ wŜǾƛŜǿ - aŀǊŎƘΦέ ¢ŀōƭŜ нΦрΦ !ŎŎŜǎǎŜŘ !ǇǊƛƭ моΣ нлмсΦ 

www.eia.gov/totalenergy/data/monthly/pdf/sec2_11.pdf.  

57 9L!Φ нлмрΦ ά9ƴŜǊƎy-Related Carbon Dioxide Emissions at the State Level, 2000-нлмоΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ моΣ нлмсΦ 

www.eia.gov/environment/emissions/state/analysis/pdf/table3.pdf.  

58 PennEnvironment Research & Policy Center. 2012. Charging Forward: The Emergency of Electric Vehicles and Their Role in 

Reducing Oil Consumption. Pages 3-4. Accessed April 13, 2016. 
www.pennenvironment.org/sites/environment/files/reports/Charging%20Forward-PennEnvironment.pdf.  

59 Ibid. 

60 9ƴŜǊƎȅ {ǘƻǊŀƎŜ !ǎǎƻŎƛŀǘƛƻƴΦ нлмсΦ ά9ƭŜŎǘǊƛŎƛǘȅ {ǘƻǊŀƎŜ ŀƴŘ tƭǳƎ-Lƴ ±ŜƘƛŎƭŜǎΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ нлмсΦ 

www.energystorage.org/energy-storage/technology-applications/electricity-storage-and-plug-vehicles.  

61 9L!Φ нлмсΦ ά{ǘŀǘŜ tǊƻŦƛƭŜ ŀƴŘ 9ƴŜǊƎȅ 9ǎǘƛƳŀǘŜǎΦέ ¢ŀōƭŜ /¢тΦ !ŎŎŜǎǎŜŘ !ǇǊƛƭ моΣ нлмсΦ 

www.eia.gov/state/seds/data.cfm?incfile=/state/seds/sep_use/tra/use_tra_PA.html&sid=Pennsylvania.  

http://www.eia.gov/totalenergy/data/monthly/pdf/sec2_11.pdf
http://www.eia.gov/environment/emissions/state/analysis/pdf/table3.pdf
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
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emissions in Pennsylvania, accounting for 66 percent of emissions in 2010. On-road diesel vehicles 

account for 22 percent of greenhouse gas emissions (see Figure 30).62 Over 10.5 million motor vehicles, 

including cars, trucks, buses, and motorcycles, contribute to these emissions throughout the 

Commonwealth.63  

In Pennsylvania, conversion to EVs has yet to make significant reductions to these emissions. The 

National Renewable Energy Laboratory reports that only 4,540 electric or hybrid EVs were registered in 

Pennsylvania in 2014,64 and only 2,300 all-electric vehicles were registered as of July 2015.65 Charging 

infrastructure has also yet to take off in the state: an estimated 233 public electric charging stations with 

462 charging outlets are available in Pennsylvania. By comparison, the United States in total has 

approximately 13,310 electric charging stations with 32,654 outlets.66   

                                                           

62 PA DEP. 2013. Pennsylvania Climate Change Action Plan Update. Page 27. Accessed April 13, 2016. 

www.portal.state.pa.us/portal/server.pt/document/1385625/final_climate_change_action_plan_update_pdf.  

63 ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴΦ нлмрΦ άIƛƎƘǿŀȅ {ǘŀǘƛǎǘƛŎǎ нлмпΦέ ¢ŀōƭŜ a±-1. Accessed April 13, 2016. 

www.fhwa.dot.gov/policyinformation/statistics/2014/mv1.cfm.  

64 U.S. Department of Energy (US DOE)Φ нлмрΦ άCŀŎǘ ІутсΥ WǳƴŜ уΣ нлмр tƭǳƎ-Lƴ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ tŜƴŜǘǊŀǘƛƻƴ .ȅ {ǘŀǘŜΣ нлмпΦέ 

Accessed April 13, 2016. www.energy.gov/eere/vehicles/fact-876-june-8-2015-plug-electric-vehicle-penetration-state-2014.  

65 PA DEP. 2016. Electric Vehicles in Pennsylvania. Accessed April 13, 2016. 

www.elibrary.dep.state.pa.us/dsweb/Get/Document-110944/0120-FS-DEP4505.pdf.  

66 !ƭǘŜǊƴŀǘƛǾŜ CǳŜƭǎ 5ŀǘŀ /ŜƴǘŜǊΦ ά!ƭǘŜǊƴŀǘƛǾŜ CǳŜƭƛƴƎ {ǘŀǘƛƻƴ [ƻŎŀǘƻǊΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ ммΣ нлмсΦ 

www.afdc.energy.gov/locator/stations/.  

http://www.portal.state.pa.us/portal/server.pt/document/1385625/final_climate_change_action_plan_update_pdf
http://www.fhwa.dot.gov/policyinformation/statistics/2014/mv1.cfm
http://www.energy.gov/eere/vehicles/fact-876-june-8-2015-plug-electric-vehicle-penetration-state-2014
http://www.elibrary.dep.state.pa.us/dsweb/Get/Document-110944/0120-FS-DEP4505.pdf
http://www.afdc.energy.gov/locator/stations/


Synapse Energy Economics, Inc. 9ƴǾƛǎƛƻƴƛƴƎ tŜƴƴǎȅƭǾŀƴƛŀΩǎ 9ƴŜǊƎȅ CǳǘǳǊŜ  37  

Figure 29. Transportation fuels consumed in Pennsylvania in 2013, in trillion BTUs 

 
Source: ¦Φ{Φ 9L!Φ aŀǊŎƘ нлмсΦ ά{ǘŀǘŜ tǊƻŦƛƭŜ ŀƴŘ 9ƴŜǊƎȅ 9ǎǘƛƳŀǘŜǎΦέ ¢ŀōƭŜ /¢тΦ  
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Figure 30. Pennsylvania greenhouse gas emissions from transportation, by end use, 2010 

 
Source: PA DEP, 2013, άtŜƴƴǎȅƭǾŀƴƛŀ /ƭƛƳŀǘŜ /ƘŀƴƎŜ !Ŏǘƛƻƴ tƭŀƴ ¦ǇŘŀǘŜΦέ  

The PA DEP has found that emissions from transportation are decreasing, declining 3.8 percent from 

2000 to 2010. This trend is likely to continue due to federally mandated improvements to fuel 

economy.67 In addition, according to a Commonwealth Economics study, consumer behavior, 

technological advancements, and public policy will also contribute to decreasing energy consumption in 

tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊΦ68 EIA projects similar trends nationally as more efficient vehicles 

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

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 demand.69  

                                                           

67 PA DEP, Climate Change Action Plan Update. 

68 Commonwealth Economics. 2013. Energy in Pennsylvania: Past, Present, and Future. Page 13. Accessed April 13, 2016. 

www.elibrary.dep.state.pa.us/dsweb/Get/Document-96943/Final%20PA%20Comprehensive%20Energy%20Analysis.pdf.  

69 EIA. 2015 AEO, 9-12. Accessed April 13, 2016. www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf. 
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4.2. tŜƴƴǎȅƭǾŀƴƛŀΩǎ 9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴ 9ŦŦƻǊǘǎ to Date 

To date, Pennsylvania has enacted few policies to encourage the development of electric transportation. 

Several incentive programs are available to alternative transportation fuels broadly, but not 

electrification specifically. The PA DEP administers 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 million.70 Additionally, the PA DEP offers matching grants 

up to 50 percent under the Small Business Advantage Grant Program. These grants are available to small 

businesses broadly for energy-efficient or pollution prevention equipment, including auxiliary power 

units for trucks.71 Financing is available from the Pennsylvania Energy Development Authority for a 

variety of clean, advanced energy projects.72 Lastly, PECO Electric Company offers its customers a small 

incentive ($50) if they notify the utility that they have purchased an EV.73  

The Commonwealth has also set emissions standards for passenger cars and light-duty trucks under the 

Pennsylvania Clean Vehicles Program. Vehicles beginning with model year 2008 that are sold or leased 

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

in all 50 states.74  

These programs compliment a number of federal incentives available for EVs and alternative 

transportation technologies. A federal tax credit is available for plug-in EVs of up to 14,000 pounds. The 

credit is between $2,500-$7,500 depending on the battery size.75 Two-wheeled plug-in EVs and 

alternative fuel infrastructure installations are also eligible for the tax credit through 2016.76 Additional 

federal incentives include: 

¶ Advanced Energy Research Project Grants 

¶ Improved Energy Technology Loans 

                                                           

70 PA DEP. 201сΦ ά!ƭǘŜǊƴŀǘƛǾŜ CǳŜƭǎ LƴŎŜƴǘƛǾŜ DǊŀƴǘ tǊƻƎǊŀƳΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ мнΣ нлмсΦ  

www.dep.pa.gov/Citizens/GrantsLoansRebates/Alternative-Fuels-Incentive-Grant/Pages/default.aspx#.VwwXGGQrJN1.  

71 !ƭǘŜǊƴŀǘƛǾŜ CǳŜƭ 5ŀǘŀ /ŜƴǘŜǊΦ нлмрΦ ά!ƭǘŜǊƴŀǘƛǾŜ CǳŜƭ ŀƴŘ LŘƭŜ wŜŘǳŎǘƛƻƴ DǊŀƴǘǎΦέ Accessed April 13, 2016. 

www.afdc.energy.gov/laws/5998. 

72 PA 59tΦ нлмсΦ άtŜƴƴǎȅƭǾŀƴƛŀ 9ƴŜǊƎȅ 5ŜǾŜƭƻǇƳŜƴǘ !ǳǘƘƻǊƛǘȅΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ моΣ нлмсΦ 

www.dep.pa.gov/Citizens/GrantsLoansRebates/Pages/PEDA.aspx#.Vw7q42QrK9a.  

73 t9/h 9ƴŜǊƎȅ /ƻƳǇŀƴȅΦ нлмсΦ άt9/t {ƳŀǊǘ 5ǊƛǾŜǊ wŜōŀǘŜΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ моΣ нлмсΦ 

www.peco.com/Savings/ProgramsandRebates/Residential/Pages/SmartDriver.aspx.  

74 Pennsylvania Department of Transportation (PA DOT)Φ нлмсΦ άtŜƴƴǎȅƭǾŀƴƛŀ /ƭŜŀƴ ±ŜƘƛŎƭŜǎ tǊƻƎǊŀƳΦέ Accessed April 13, 

2016. www.dmv.pa.gov/VEHICLE-SERVICES/Pages/clean-vehicle.aspx#.Vw7tx2QrK9a. 

75 LƴǘŜǊƴŀƭ wŜǾŜƴǳŜ {ŜǊǾƛŎŜΦ нлмсΦ άtƭǳƎ-In Electric Drive Vehicle Credit (IRC 30D).έ Accessed April 13, 2016. 

www.irs.gov/Businesses/Plug-In-Electric-Vehicle-Credit-IRC-30-and-IRC-30D. 

76 !ƭǘŜǊƴŀǘƛǾŜ CǳŜƭǎ 5ŀǘŀ /ŜƴǘŜǊΦ άCŜŘŜǊŀƭ [ŀǿǎ ŀƴŘ LƴŎŜƴǘƛǾŜǎ ŦƻǊ 9ƭŜŎǘǊƛŎƛǘȅΦέ Accessed April 13, 2016. 

www.afdc.energy.gov/fuels/laws/ELEC/US. 

http://www.dep.pa.gov/Citizens/GrantsLoansRebates/Alternative-Fuels-Incentive-Grant/Pages/default.aspx#.VwwXGGQrJN1
http://www.dep.pa.gov/Citizens/GrantsLoansRebates/Pages/PEDA.aspx#.Vw7q42QrK9a
http://www.peco.com/Savings/ProgramsandRebates/Residential/Pages/SmartDriver.aspx
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¶ Low and Zero Emission Vehicle Research, Demonstration, and Deployment Funding 

¶ Airport Zero Emission Vehicle and Infrastructure Incentives 

¶ Alternative Fuel and Advanced Vehicle Technology Research and Demonstration 

Bonds77 

Pennsylvania is also home to two Clean Cities programsτthe 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 vehicles.78,79  

4.3. Electric Transportation Technology Options  

Achieving 100 percent renewables by 2050 will require changes to all transportation modes and 

vehicles, and a variety of new forms of technology and infrastructure.  

Light-duty vehicles 

EVs are available as an option for lightweight passenger vehicles, as most auto manufacturers now offer 

at least one EV model.80 IƻǿŜǾŜǊΣ άǊŀƴƎŜ ŀƴȄƛŜǘȅΣέ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ōŀǘǘŜǊȅ ŘǳǊŀōƛƭƛǘȅ, and high costs still 

lead most consumers to choose more traditional gas-powered vehicles.81 As technology improves and 

prices fall, EVs are expected to become more common, especially with strong policy support.82 Plug-in 

hybrid vehicles also exist as a transitional vehicle option. However, in order to achieve emissions-free 

personal transportation, all consumers will need to adopt 100 percent EVs.  

Heavy-duty vehicles 

The heavier the vehicle and the longer the trips taken, the more difficult and expensive it becomes to 

ŜƭŜŎǘǊƛŦȅΦ IƻǿŜǾŜǊΣ ǘŜŎƘƴƻƭƻƎȅ ŜȄƛǎǘǎ ǘƻ ŎƻƴǾŜǊǘ ƭŀǊƎŜ ǘǊǳŎƪǎ ƻƴ ǘƘŜ άƭƛƎƘǘŜǊέ ŜƴŘ όƭŜǎǎ ǘƘŀƴ млΣллл 

pounds) and certain buses to electric power.83 ¢ƻŘŀȅΩǎ ǘŜŎƘƴƻƭƻƎȅ ƭƛƳƛǘǎ ǘƘŜ ǊŀƴƎŜ ŦƻǊ ǘƘŜǎŜ ǾŜƘƛŎƭŜǎΣ 

but certain delivery trucks, yard hostlers (vehicles that move cargo within a single port or warehouse), 

                                                           

77 Ibid. 

78 9ŀǎǘŜǊƴ tŜƴƴǎȅƭǾŀƴƛŀ !ƭƭƛŀƴŎŜ ŦƻǊ /ƭŜŀƴ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴΦ ά9t-!/¢ hǾŜǊǾƛŜǿΦέ !ŎŎŜǎǎŜŘ !ǇǊƛƭ моΣ нл16. www.ep-act.org/EP-

ACT-Overview. 

79 Pittsburgh Region Clean Cities. Website. Accessed April 13, 2016. www.pgh-cleancities.org/. 

80 Plug-Lƴ !ƳŜǊƛŎŀΦ άtƭǳƎ-ƛƴ ±ŜƘƛŎƭŜ ¢ǊŀŎƪŜǊΦέ Accessed April 14, 2016. www.pluginamerica.org/vehicles. 

81 Massachusetts Institute of Technology. 2010. Electrification of the Transportation System. Accessed April 14, 2016. 

www.mitei.mit.edu/system/files/electrification-transportation-system.pdf.  

82 wŀƴŘŀƭƭΣ ¢Φ нлмсΦ άIŜǊŜΩǎ Iƻǿ 9ƭŜŎǘǊƛŎ /ŀǊǎ ²ƛƭƭ /ŀǳǎŜ ǘƘŜ bŜȄǘ hƛƭ /ǊƛǎƛǎΦέ Bloomberg.com. February 25. Accessed April 14, 

2016. www.bloomberg.com/features/2016-ev-oil-crisis/. 

83 Innovation Electricity Efficiency. 2013. Forecast of On-Road Electric Transportation in the U.S. (2010-2035). Page 7.  Accessed 

April 13, 2016. www.edisonfoundation.net/iei/Documents/IEE_OnRoadElectricTransportationForecast_0413_FINAL.pdf. 

http://www.pgh-cleancities.org/
https://mitei.mit.edu/system/files/electrification-transportation-system.pdf
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military vehicles that stay on base, school and transit buses, agricultural equipment, and other non-

highway vehicles are appropriate applications for full-electric vehicles that can be converted in the near 

term.84,85 Heavier vehicles and those that travel long distances without opportunities to charge will 

require a lower conversion to emissions-free 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 units.86 Eventually, all vehicles will need to be transitioned to 

electric batteries or hydrogen fuel cells. Table 8 outlines the electrification options for different vehicle 

types.  

Table 8. Electrification options by vehicle type 

Vehicle Type Description Electrification Opportunities 

Light-Duty 
Vehicle 

Automobiles, Light Trucks, Motorcycles 
in both personal and commercial fleet 
usage 

Electrify primary vehicle drive 

Commercial 
Light Trucks 

Trucks from 8,501-10,000 lbs. gross 
vehicle weight 

Electrify primary vehicle drive 

Transit Bus Buses with routes inside a single 
metropolitan area, traversing relatively 
short distances with more frequent 
stops 

Electrify primary vehicle drive 

School Bus Buses that carry students to and from 
educational facilities, frequent stops 

Electrify primary vehicle drive 

Military Use Mix of military ground, air, and sea 
vehicles 

Ground vehicles only: electrify primary 
vehicle drive 

Freight Trucks Trucks greater than 10,000 lbs. gross 
vehicle weight 

Utilize electric umbilical for auxiliary 
power when idling 

Air 
Transportation 

All air carriers of passenger and cargo, 
as well as general aviation and small 
aircraft 

Replace onboard mini turbine with 
electrical umbilical for auxiliary power 
when idling at gate 

Domestic 
Shipping 

Water vessels with both departure and 
arrival at U.S. port 

Shore power: shipyard auxiliary tether 
to prevent idling in domestic 
oceanliners 

International 
Shipping 

Water borne vessels with either a 
departure or an arrival at a U.S. port, 
but not both 

Shore power: shipyard auxiliary tether 
to prevent idling in international 
oceanliners 

Freight Rail Locomotive drawn freight railroad cars Range and weight requirements 
prohibitive in the near term 

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

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

                                                           

84 Ibid. 

85 Union of Concerned Scientists. 2012. Truck Electrification: Cutting Oil Consumption & Reducing Pollution. Accessed April 14, 

2016. www.ucsusa.org/sites/default/files/legacy/assets/documents/clean_vehicles/Truck-Electrification-Cutting-Oil-
Consumption-and-Reducing-Pollution.pdf. 

86 Massachusetts Institute of Technology, Electrification of the Transportation System. 
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Vehicle Type Description Electrification Opportunities 

Intercity Rail Trains with routes between 
metropolitan areas, traversing relatively 
long distances with infrequent stops 

Many already electrified; electric 
options available 

Transit Rail Trains with routes inside a single 
metropolitan area, traversing relatively 
short distances with more frequent 
stops 

Many already electrified; electric 
options available 

Commuter Rail Trains with routes to and from a 
metropolitan area, traversing moderate 
distances with somewhat frequent 
stops 

Many already electrified; electric 
options available 

Recreational 
Boats 

Personal boats and watercraft Electric auxiliary options while idling, 
docked 

Source: Adopted ŦǊƻƳ LƴƴƻǾŀǘƛƻƴ 9ƭŜŎǘǊƛŎƛǘȅ 9ŦŦƛŎƛŜƴŎȅΦ !ǇǊƛƭ нлмоΦ άCƻǊŜŎŀǎǘ ƻŦ hƴ-Road Electric Transportation in the U.S. 
(2010-нлорύΦέ тΦ  

Marine and air travel 

Similar to heavy-duty 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 petroleum fuels 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 

ŎƻƴƴŜŎǘ ǘƻ ǘƘŜ ǘŜǊƳƛƴŀƭΩǎ ŜƭŜŎǘǊƛŎ ǎǳǇǇƭȅΦ87 These transportation options will eventually need to be 

transitioned to hydrogen fuel cell versions in order to eliminate associated emissions.88  

Rail 

aǳŎƘ ƻŦ tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǊŜƎƛƻƴŀƭ Ǌŀƛƭ ǎȅǎǘŜƳ ƛǎ ŀƭǊŜŀŘȅ Ǌǳƴ ƻƴ ŜƭŜŎǘǊƛŎƛǘȅΦ89 All rail systems must be 

converted to electric in order to reach zero emissions. Given that national 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.  

Charging infrastructure 

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 Efficiency. Forecast of On-Road Electric Transportation, 7. 

88 Jacobson et al, 100% clean and renewable, 8. 

89 PA DOT. 2015. 2015 Pennsylvania State Rail Plan. Chapter 2, 13. Accessed April 21, 2016. 

www.planthekeystone.com/PDF/StateRailPlan/Chapter%202%20-
%20The%20States%20Existing%20Rail%20System_website.pdf. 
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infrastructure will also be needed in public parking areas (including rest stops, restaurants, shopping 

centers, places of employment, etc.) in 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 the size and type of the battery. AC Level 1 charging can be accomplished through the 

kind of 120-Ǿƻƭǘ ƻǳǘƭŜǘ ŦƻǳƴŘ ƛƴ ŀƭƳƻǎǘ ŀƭƭ ŘǊƛǾŜǊǎΩ ƘƻƳŜǎΦ [ŜǾŜƭ м ŎƘŀǊƎƛƴƎ Ŏŀƴ ƳŜŜǘ ǘƘŜ ŀǾŜǊŀƎŜ ŦŀƳƛƭȅΩǎ 

daily needs. It will charge a car for 40 miles of driving in about 8 hours, or anywhere between 2-5 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, and is preferred by many residential customer who desire more flexibility and faster 

charging.90 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 of an electrician and can be costly.91 

Direct-current (DC) or Level 3 charging can provide even faster chargingτbetween 50-70 miles for just 

20 minutes of charging.92 Such stations are useful for EV owners traveling longer distances at 

restaurants, malls, rest stops, etc. Level 3 charging requires a 480-volt source, which is not technically 

feasible for an average residential neighborhood.93 

Behavior changes 

Though technology solutions will eliminate most emissions, behavioral changes may also need to occur 

in order to 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 to land use and city planning.94 

4.4. Targets for Electric Transportation 

tŜƴƴǎȅƭǾŀƴƛŀΩǎ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ƳƛƴƛƳŀƭ ǘƻ ŘŀǘŜΦ wŜŀƭƛȊƛƴƎ млл 

percent emissions will require converting almost the entire fleet of vehicles, boats, planes, and trains to 

electric over the next 30 years. 

                                                           

90!ƭǘŜǊƴŀǘƛǾŜ CǳŜƭǎ 5ŀǘŀ /ŜƴǘŜǊΦ ά5ŜǾŜƭƻǇƛƴƎ LƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ /ƘŀǊƎŜ tƭǳƎ-Lƴ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜǎΦέ Accessed April 15, 2016. 

www.afdc.energy.gov/fuels/electricity_infrastructure.html. 

91 Electrification Coalition. 2009. Electrification Roadmap: Revolutionizing Transportation and Achieving Energy Security. Page 

150. Accessed April 13, 2016. www.electrificationcoalition.org/sites/default/files/SAF_1213_EC-Roadmap_v12_Online.pdf. 

92 Alternative Fuels Data Center, Developing Infrastructure. 

93 /ǳƴƴƛƴƎƘŀƳΣ ²Φ нлмоΦ ά{ƭƻǿΣ ŦŀǎǘΣ ŀƴŘ ŦŀǎǘŜǊΥ ²ƘŜǊŜ ǘƻ ŎƘŀǊƎŜ ŜƭŜŎǘǊƛŎ ŎŀǊǎΦέ CNET.com. October 1. Accessed April 21, 2016. 

www.cnet.com/roadshow/news/slow-fast-and-faster-where-to-charge-electric-cars/. 

94 Drexel University. 2015. Options for Achieving Deep Reductions in Carbon Emissions in Philadelphia by 2050. Accessed 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: light-duty vehicles, heavy-duty vehicles, and aviation and marine travel.  

Light-duty vehicles 

In order to set targets for converting light-duty vehicles to electric, we relied on two recent studies that 

aimed to reduce emissions over a period of several decades. A 2015 study by the U.S. Federal Highway 

Administration describes a scenario in which states convert 33 percent of light-duty vehicles to electric 

by 2030.95 Beyond 2030, a study by the Electrification Coalition, designed a roadmap to achieve 75 

percent EVs nationally by 2040.96 Based on an average vehicle lifetime of 11.5 years,97 we find these 

long-term targets to be reasonable, assuming adequate incentives are created to encourage a significant 

portion of new vehicles purchased to be electric. We also find them to be necessary in order to achieve 

100 percent by 2050. 

In setting the near-term 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 competitive with traditional vehicle 

models. Thus, the targets set for light-duty vehicles are as follows: 

¶ 4 percent EVs by 2020; 

¶ 33 percent EVs by 2030; 

¶ 75 percent EVs by 2040; 

¶ 100 percent EVs by 2050 

Other vehicles 

In order to set targets for converting other transportation 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 

percent renewables by 2050 for the entire United States.98 

                                                           

95 U.S. Federal Highway Administration. нлмрΦ άCŜŀǎƛōƛƭƛǘȅ ŀƴŘ LƳǇƭƛŎŀǘƛƻƴǎ ƻŦ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ ό9±ύ 5ŜǇƭƻȅƳŜƴǘ ŀƴŘ 

Infrastructure Development, {ŎŜƴŀǊƛƻ уΦέ !ǾŀƛƭŀōƭŜ ŀǘΥ 
www.fhwa.dot.gov/environment/climate_change/mitigation/publications/ev_deployment/es.cfm. See also Stanton, L. et al. 
ά¢ƘŜ wDDL hǇǇƻǊǘǳƴƛǘȅ нΦлΦέ aŀǊŎƘ пΣ нлмсΦ !ŎŎŜǎǎŜŘ !ǇǊƛƭ нмΣ нлмсΦ http://www.synapse-
energy.com/sites/default/files/RGGI_Opportunity_2.0.pdf. 

96 Electrification Coalition, Electrification Roadmap. 

97 Oak Ridge National Laboratory (ORNL)Φ ά¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ 9ƴŜǊƎȅ 5ŀǘŀ .ƻƻƪΦέ ¢ŀōƭŜ о-10. Accessed April 12, 2016. 

www.cta.ornl.gov/data/chapter3.shtml. 

98 Jacobson et al, 100% Clean and Renewable. 

http://www.fhwa.dot.gov/environment/climate_change/mitigation/publications/ev_deployment/es.cfm
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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 making EVs more competitive with 

fossil fuel-powered vehicles.99  

Because air, rail, and some marine travel generally crosses state borders, Pennsylvania will need to work 

with the Federal government and other states to make the changes necessary to implement equipment 

efficiency and fuel use regulations that are set at the national level. However, 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 need to work 

with stakeholders to determine a suite of policies that work best for the state. Those policies should 

include: 

¶ Incentive programs designed to meet the needs of different consumers, including 
individuals, businesses, large fleets, and to support both EVs and charging equipment; 

¶ Taxes to raise funds for incentive programs; 

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

¶ Setting requirements for installing charging infrastructure; 

¶ Funding and programs to support alternative forms of transportation, especially for low-
income communities; 

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

Financial incentives 

Financial incentives are the most direct way of encouraging purchases of EVs. With the average light-

duty lifespan increasing each year,100 providing a robust incentive program as early as possible will be 

crucial to boosting the adoption of EVs. Several forms of financial incentives can be used, including: 

Rebates. As seen with ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ ǘƘŜ ά/ŀǎƘ ŦƻǊ /ƭǳƴƪŜǊǎέ ǇǊƻƎǊŀƳΣ ǳǇŦǊƻƴǘ ŎŀǎƘ ǊŜōŀǘŜǎ ŀǊŜ ǘƘŜ 

fastest, easiest way to motivate customers to purchase EVs.101 Such programs require a dedicated 

                                                           

99 Randall, T. 2016. άIŜǊŜΩǎ Iƻǿ 9ƭŜŎǘǊƛŎ /ŀǊǎ ²ƛƭƭ /ŀǳǎŜ ǘƘŜ bŜȄǘ hƛƭ /ǊƛǎƛǎΦέ Bloomberg L.P. February 25. Accessed April 14, 

2016. www.bloomberg.com/features/2016-ev-oil-crisis/. 

100 ORNL, Transportation Energy Data Book. 

101 Electrification Coalition, Electrification Roadmap. 
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source of funds that may be less politically palatable, but rebates are easy to understand and a proven 

method of incentivizing the adoption of new technologies.  

Tax credits. Tax credits may be more politically feasible and most consumers are generally familiar with 

how to use them. Providing tax credits does not require a separate, dedicated 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 exemptions. Exempting vehicles or charging stations from sales or property taxes, or other 

registration fees provides another politically palatable financial motivation for consumers. Other forms 

of incentives are typically more likely than tax exemptions to motivate EV purchases because consumers 

may not fully appreciate how much sales or property taxes may cost them.  

Grants. Similar to rebates, grants can be a strong motivator for purchases of EVs or charging equipment. 

Grants are typically reserved for larger cash awards and may require more administration 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 charging stations 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. Low-interest loans are often available for 

vehicle purchases for consumers with good credit ratings, but 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 such that EVs are 

cost-competitive with 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 planned.102 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 of EVs. BusinessesΩ and agenciesΩ large fleets can take advantage of economies of scale, 

realize significant savings in fuel costs, and influence other businesses to install charging equipment.103 

Additionally, for businesses such as utilities that operate heavy, idling vehicles, EVs will decrease 

employee exposure to emissions, toxins, and excessive noise, which will improve worker safety and 

                                                           

102 Electrification Coalition, Electrification Roadmap. 

103 PennEnvironment Research & Policy Center, Charging Forward, 17.  





























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


http://www.synapse-energy.com/MSEM


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










http://www.synapse-energy.com/tools/coal-asset-valuation-tool-cavt








http://www.nrel.gov/analysis/jedi/
http://www.implan.com/

