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Executive Summary

The Pennsylvania Climate Change Act (Act 70 of 2008) reqtheeBepartment of
Environmental Protection (DER) submit to thegovernora Climate ChangeAction Planthat is
revised every three yearBhis version is the fitsupdate to the original Climate Change Action
Plan that was completed in 2009.

The Pennsylvania Climate Change Advisory Committee (CCAC) was tasked as consultants to
DEP for the completion of this repoiithe CCAC was comprised of four subcommittees:
Electricity Production, Transmission and Distribution; Residential, Commercial and Industrial,
Land Use and Transportation; and Agriculture and ForeSagh of the costffective strategies

for reducing greenhouse gases (GH®@&® basis of this plan, wedescussed with the
subcommittees of the CCAC as well as the full commédteskare included in the Appendix of

this report The Center for Climate Strategies also provided assistance to DEP by analyzing the
work plans to account fguotentialcosts and beefits provided to the gross st@ieductand
employment impacts.

Since the last report was prepared in 2009, there have beerbbssatihanges to

Pennsyl vani a’ s e c on Banyoftheckangesthave gsultegio fewwef ol i o .
emissions of GH&in Pennsylvanialheseanclude primarily, emissions ofarbondioxide

(COy,), methangCHy,), nitrous oxide (N2O) hydrofluorocarbongHFCs),perfluorocarbons

(PFCs) andulfur hexafluoride(SFs).

This action plan summarizes Pennsylvania GHG emissiahsiaks for the base year 2000,
2010, and target year 2020. Throughout the document, emissions are provided,in a CO

equivalent(C@ ) for consistency. For gross emissions
emissions by sector is lower than the U.&cpntage of emissions for the transportation, waste
and agriculture sectors. Pennsylvania’s perce

percentage of emissions by sector for the industrial and residential/commercial sectors.
Overall, Penng | vani a’s gross GHG emi ssions are expec:
with reductions in the residential, commercial, transportation, agriculture and waste. 3é@ors

total statewide emissions sinks are also expected to increase, creating alduti@HG
benefits through 20200 hese benefits are mostly attributed

In theelectricity production transmission andistributionsectos, there have been huge changes
happeningn Pennsylvanigince 2009Due to inceasing federal regulatiomsd the availability

of natural gas, many ceéited power plants have either retired, reduced run time, or are
considering fuebwitching to natural gas.

Even withthe anticipated voluntary coal plant retirements and shiftatiaral gas, Pennsylvania
remains a net exporter of electriciBecently, EPA data has confirmed that the voluntary
retirement of coal plants in Pennsylvania will result in an emissions savings of abouiidi?
metric tons of C@ (MMtCO2¢) annually. The new generating capacity proposed for



Penns;é/lvania will produce about 6.45 MMtCO2e in 2020, resulting in a total of 5.5 MMtCO2e
savings.

Pennsylvania has also introduced measures to reduce emissions from oil and gas extraction
activities, and comgssion and processing operations, including a reGssteral Plan

Approval and or/General Operating Permit for Natural Gas Compression and/or Processing
Facilities (GP5). DEP has implemented revised permit exemption criteria for the oil and gas
activities. The DEP Category No. 38 exemption criteria include practices such as Reduced
Emi ssion Completion or “green completion” ins
flaring. These permit conditions will require operators to employ leak detectbrepair
programs to reduce and control emissions of metlmaenanner that is efficient and achieves
results stricter controls over federal rul€kis will have a significant impact on the reduction of
methane emissions at these sources. DEP algtesbleimilar leak detection and repair
requirements for the natural gas refueling stations.

Governor Corbett also signed Act 11 of 2012, allowing water and wastewater utilities, natural
gas distribution companies, city natural gas distribution opegtand electric distribution
companies to petition the Pennsylvania Utility Commission (BUCommissiohfor approval

to implement a Distribution System Improvement Charge (DSIC). This will allow utilities to
recover the reasonable and prudent costgrieddor the repair, improvement, or replacement of
property to ensure efficient, safe and reliable services.

There have also been great strides since 2009 maldeatiernative fuel vehiclsector The
Alternative Fuel Incentive Grant (AFIyogramremains a very popular grant program in
Pennsylvania, as it has since it was first implemented in the early 1990s. AFIG continues to
provide rebates for alternative fuel vehicles and also provided a $1 million grant for the
installation of electric vehicleharging infrastructure at each of the rest stops along the
Pennsylvania Turnpike.

In addition tothis program, Act 13 of 2012 provided $20 milliclunded by natural gas operator
impact feespver three years for the purchase or retrofit of hedwty vehicles to operate on
natural gasln the first grant round, 329 headyty vehicles were purchased or converted to run
on natural gas, which will support 16 newfoeling stations in Pennsylvania. It is projected that
these projects will displace 3.67Ihain gallons of gasoline each year.

With this report, DEP is recommending nine different actiorth®@Pennsylvania Legislature

These recommendations incluaigdressing the lontgrmliability of carbon capture and
sequestratiomprovidingincentivesfor coal mine methane usagaluating Actl1 of 2012

(Utility DSIC), expandingaccess tonatural gas utilies providing incentives for alternative fuel

vehicles, consideringpecifyinglegislation energy use profiling for commercial buildings,

expandng competitiveelectricity market$o foster and encourage alternative and renewable
energy suppliers t o supporingthePmgplemestgtiortieni a’ s mar k
Alternative Energy Portfolio StandardEPS), and amending AEPS to include additiowalste
to-energyfacilities.

1 US EPA, Clean Air Market Emissions Repei®A (2010).



Chapter 1. Introduction

The PennsylvaniBEP prepared thisipdate to the Pennsylvania Climate Change Action telan
fulfill the requirements of the Pennsylvania Climate Change Act (Act 70 of 2008).

Act 70 of 2008was siged into law on July 9, 2008nd requiredEPto:

1. Implement the establishmenttbie Climate Change Advisory Committee (CCAC)
2. Develop an impacts assessment report and revise the report every three years
3. Compile an annual inventory of Greenhouse Gas (GHG) emissions

4. Create a vluntary GHG registry

5. Develop an Action Plan and revise the plan every three years.

Climate Change Advisory Committee

To assist th®EPin meeting these obligations, Act @8tablished thE CAC. Membership of

the CCACwastobebasedupopar son’ s interest, knowledge or
issues. The composition of the advisory committee was to include representatives that could

offer a diversity of viewpoints from the scientific, business and industry, transportation,
environmetal, social, outdoor and sporting, labor and other affected communitiesactThe

directedthat 18 members would be appointed as follows and would further include three ex

officio memberof the Department of Conservation and Natural Resources, Depadimen

Community and Economic Development and the Public Utility Commission.

The CCAC began the deliberative process for this latest edition of the Pennsylvania Climate
Change Action Plan (Action Plan) on May 20, 2010. The committee met in personcd 1éial
times, with the finameeting held on De&, 2013. Multiple meetings were held by the
individual subcommittees to review, create and update work plans for the Action Plan.

The four subcommittees considered information and potentiaatiitn actions for the
following sectors:

1 Electricity Production, Transmission and Distribution
1 Residential, Commercial and Industrial

1 Land Use and Transportation

9 Agriculture and Forestry

The subcommittees served as advisors to the CCAC and consis@dAC members and

additional individuals with interest and expertise. Members of the public were invited to observe

and provide input at all meetings of the CCAC. The subcommittees assisted the CCAC by
generating initial options on Pennsylvassigecificmitigation actions to be considered for

analysis including existing state and federal actions. Where members of a subcommittee did not
fully agree on the recommendations to the CCAC, the summary of their efforts was reported to

the CCAC as a part of itonsideration and endorsement decisions. The CCAC reviewed the
subcommittee’s proposal s, modi fied the propos
items before them.



Action Plan Revisions

WhenAct 70 of 2008wvas signed into lavt required amang other actions, DEBubmitto the
governor and revise every three yeaas;limate change action plan that:

1. Identifies GHG emission and sequestration trends and baselinesaartimonwealth

2. Evaluates costffective strategies for reducing or offgeft GHG emissions from various
sectors in thisommonwealth

3. ldentifies costs, benefits and-benefits of GHG reduction strategies recommended by
the climate change action plan, including the capability of meeting future energy
demands within theommonwalth.

4. Identifies areas of agreement and disagreement among committee members about the
Climate ChangeAction Plan.

5. Recommends to the General Assembly legislative changes necessary to implement the
Climate ChangeAction Plan.

Since 2009when the previouplan was prepared, there have been a number of changes related
to GHG emissions in Pennsylvanidne most notable change has been the decrease in-energy
related carbon dioxide emissions from the United States as a whole. IreBéigyrelated

carbon dioixde emissions reached the lowest level since 1994 and are nowntwetharl2
percentsince 2007. ldIf of the decrease in energy usage be attributetb reductiongrom the
residential sector

Energy efficiencya shifting economygnd a changing engy portfoliohaveaccounted for the

single biggest factor in the emissions reductions. In 2012, thera @&apercentdecrease in the
energy intensity of the U.S. economy, which is the amount of economic valguitegper unit

of energy. This signiés that businesses and households have reduced energy waste, by shifting
to an economy based on enetgt services and technology and away from enénggnsive
manufacturing.

Increased production and use atural gassuch as the gas extracted frdra Marcellusand

Utica shaleformationsin Pennsylvaniahas also played substantiapart in reducing C®
emissionsDue to the abundant supptie price of natural gas remained léram 2011through
2013 contributingto a shift from coal use tower-cabonintensive naturagas.Since 2011,
deactivations of codired power plants in Pennsylvania haesulted in doss of nearly 4000
MW of generation with approximately 1700 MW of additional losses expected by the end of
2015. From 2000 through 2010, tterbon intensity oénergy supply in Pennsylvania has
decreased by more tharp8rcentand with the additional and expected losses of-fiead
generation, that trend is expected to contiffine increagduse of natural gas in higgfficiency
combined gcle plants, plus moderate increases in wind energy generation have contributed to
the overall decline iI€0O, emissions nationallyas well as in Pennsylvania

This Climate Change Action Plan Update lists techniques and strategies that are not only cost
effective, but in many instances result in a cost savings, environmental benefit and positively
i mpact Pennsylvania’s economy.



This action plan represents the culmination of the work efforts of the C&ADEP through an
informed procesthatalsoincludesthe abovereferenced requirements under Act 70.



Chapter 2. Recent Initiatives that Reduce GHGs

2.1 Introduction

While this report identifies those actions that have taken place betweeth2@igh 2012,

events related to the reduction of GHGs throughout Pennsylvania have accelieitetdes

that reduce GHGs have not ofligen initiated at the state levBlt there have also been changes
at thefederal level and within the business eoumity as well Recently,a number otoalfired
electric generating plants have announced that they are @éghetivating, cdiring with natural
gasor converting tdire with natural gasDEP hasalsoimplemented new requirements for the
natural gasexctor that will further reduce methane emissions, which is a potent @dGPA

has announced new regulatory initiatives related to reducing GHGs. As a result, thiswitlapter
ensure that the public and General Assembly have the magtdgie informéon regardiig
recentinitiativestha reduce GHGs

Pennsylvania is committed to addressing GHG emissions while keeping the economy strong.

There is continueduccesst reducing GHGsascarbon dioxide emissions from the fossil fuel

fired electric generatg fleet in Pennsylvania fiadeclined byl1.7percentrom 20%-2012 and

are projected to decline by percentfrom 20( through 2@0. Yet according the U.S. Bureau

of Labor Statistics, Pennsylvania’s uf@&mpl oym
percentin 2010 to 7.5ercentn 2013.

Pennsylvania’s holistic approach areasomfarthegi ng
corresponding decline in GHG emissions and improved economic outlook. For instance, a

robust and properly retated natural gas industry is driving down fuel costs and is responsible,

at least in part, for electric power plant conversions and deactivations. R&deetforts like

GP-5 for natural gas compressor stations and processing facilities assist imge@tiss from

t hese oper at i ABRPSIs expanding theyelectrec market i@newable and

alternative energy sources. These and other efforts are designed to complement each other in a
strategic effort to provide for economic development and expand opjpiegun reduce GHGs.

2.2 Electricity Production , Transmission, and Distribution

Greenhouse Gas Tailoring Rule

In June 3, 2010, EPA promulgatedievention of Significant Deterioration and Title V
Greenhouse Gas Tailoring RuMhich regulates gred@ouse gases from new and modified air
contamination sources. 75 Fed. Reg. 31514. Pennsylvania implements these greenhouse gas
requirements through its Prevention of Significant Deterioration of Air Quality program under 25
Pa. Code Chapter 123ubchapteD and Title V Operating Permits program under 25 Pa. Code
Chapter 127, Subchapter G.

To date DEPhas issued 10 plan approvals that have GHG emission rates, which will reduce the
growth of GHG emissions in Pennsylvania.



New Source Performance Stands

DEPi ncorporates EPA’ s New (S8PSInw #s regudatofy program n c e
under 25 Pa. Code Chapter 122 (relating to National Standards of Performance for New
Stationary Sources)Seed Pa. Bull. 1447, (April 28, 1979). As EPA déyas greenhouse gas
performance standards for stationary sources, these standards are automatically incorporated into
Pennsylvania law.

For examplepn September 20, 201BPA announcegbroposed new source performance
standards for emissions of carbanxide for fossil fuelfired electric utility generating unifs.

The rule will apply only to new fossil fudired electric utility generating units (EGUslror
purposes of this rule, fossil futed EGUs include utility boilersntegrated gasificatio
combined cycl€élGCC) units and certain natural gésed stationary combustion turbine EGUs
that generate electricity for sale and are larger than 25 megawatts (ER})is proposing to

set separate standards for naturatfgas stationary combustiaimrbines and for fossil fuel

fired utility boilers and integrated gasification combined cyeiis. The rule also does not

apply to:Liquid oil-fired stationary combustion turbine EGUsw EGUSs that do not burn fossil
fuels (e.g., those that burn biossaonly) andlow-capacity factor EGUs that sell less than 1/3 of
their power to the gridEPA is proposing two limits for fossil fuéired utility boilers and IGCC
units, depending on the complianaipd that best suits the unit;, 100 Ib. CO2/MWkgross

over a 12operating month period, d;0001,050 Ib. CO2/MWHkgross over an 84dperating

month (#year) period EPA is proposing two standards for natural-figesd stationary
combustion units, depending on siZE000 pounds of CO2 per megawiatiur (Ib. CO2/MWh
gross) for larger units (>850 mmB/hr.) or 1,100 lo CO2/MWhgr oss f or smal | er
mmBTU/hr.). Once finalized, these rules will be applicable in Pennsylvania for new EGUSs.

To dateDEP has issued four plan approvals for the conswwaatf combined cycle natural gas
turbine projects with best available technology emission rates consistent with the proposed New
Source Performance Standards.

Electric Power Plant Conversions dbdactivations

There is a growing trend in the utilitydastry to convert existing coéifed power plants to burn
natural gasgeactivateor reduce operations. This trend is driven by a number of factors,
including statdevel renewable portfolio standards; federal environmental regulations, like the
Mercuryand Air Toxics Standards Rule, consumer demand, deregulation of the industry in
Pennsylvania, competition from regulated-oisstate generators, and an economic climate that
contributes to the cost competitiveness of cddle GHG emissions from a codired power
plantcould be reduced significantly after the plant is converted to burn natural gas.

In Pennsylvania there are 12 projects that are proposed to be constructed as nditedl gas
electric generating stations. Moreover, there are 13fredlelectric gaerating stations that are
eitherdeactivatedr slated foldeactivatiorin the near termThe effect of this changing electric

2 EPA proposal, September 20, 2018tp://www2.epa.gov/carbepollution-standards/208roposeecarbon
pollution-standarenewpowerplants

S


http://www2.epa.gov/carbon-pollution-standards/2013-proposed-carbon-pollution-standard-new-power-plants
http://www2.epa.gov/carbon-pollution-standards/2013-proposed-carbon-pollution-standard-new-power-plants

generating station profile means that carbon dioxide emissions from the fos§ied@lectric
generating fleet in Pennsywmia has declined by 11pércentrom 20052012 and is projected to
decline by 22.(ercentrom 2005 through 2020.

The Pennsylvania Alternative Energy Portfolio Standard (AEPS)

AEPS requires that an annually increasing percentage of electricitypgel@il customers in
Pennsylvania is fromenewable andlternative energy sources. This act requires that electric
distribution companies and electric generation suppliers include a specific percentage of
electricity from alternative resources in thengeation that they sell to Pennsylvania customers.
The GHG reductions of this initiative ai@ther discussed in Chaptpf this report.

Act 129 of 2008

Act 129 of 2008 requireslectric distribution companies (EDC) to achieve certain energy
efficiency and conservation programs. The EDCs have established goals and provide economic
incentives to assist homeowner, business, and institutional energy users to reduce energy
demand. Many of these programs are included in various work platisean@HG reductions
arediscussed further in Chapter 4.

Air Quality Requirements for Oil and Gas Operations

Pennsylvania is the first state to require comprehensive leak detection and repair to minimize the
fugitive emissions, including methane, from oil ayja$ operations and compressed natural gas
fueling stations on a programmatic basis through a General Permit and Exemption Criteria.

Emissions Reporting

Pennsylvania has implemented an emissions inventory reporting requirement for the natural gas
industry The first emission inventory was reported for emissions released in 2011 and included
unconventional natural gas operations and-stidam compressor stations. The inventory was
expanded for emissions released in 2012 to include conventional naticgdegations and to

require th3e reporting of greenhouse gases. These emission invewitiriee posted on the DEP
Welpage:

EPA has established mandatory greenhouse gas emission reporting for the oil and gas sector.
Owners or operators of facilitiel&t contain petroleum and natural gas systems and emit 25,000
metric tons or more of GHGs per year (expressed as carbon dioxide equivalents) report GHG
data to EPA.Owners or operators collect GHG data; calculate GHG emissions; and follow the
specified pocedures for quality assurance, missing data, recordkeeping, and repdEiy.
requires the followingegments of the petroleum and natural gas indtsgybmit emissions

data reports

® http://www.dep.state.pa.us/dep/dégte/airwaste/ag/emission/Emission_Inventory.htm
4 http://www.epa.gov/ghgreporting/reporters/subpart/w.html



http://www.dep.state.pa.us/dep/deputate/airwaste/aq/emission/Emission_Inventory.htm
http://www.epa.gov/ghgreporting/reporters/subpart/w.html

Onshore petroleum and natural gas production
Offshore petroleumrad natural gas production
Onshore natural gas processing plants

Onshore natural gas transmission compression
Underground natural gas storage

Liguefied natural gas (LNG) storage

Liquefied natural gas import and export equipment
Natural gas distribution

O O0OO0OO0OO0OO0OO0O0o

Wel Sites

On August 10, 2013 EPfinalized an amendment to the Air Quality Permit Exemption List for
Category No. 38 (pertaining to oil and gas exploration, development, production facilities and
associated equipment and operation). The final guidancgafiegory No. 38 provides

flexibility by allowing each owner or operator to seek an air quplag approval from DEP or
demonstrate compliance with requirements for controls and work practices more stringent than
the federal rules. The DEP Category R8.exemption criteria includes practices such as
Reduced Emission Completion or “green compl et
venting or flaring. The criteria also include a leak detection and repair program for the entire
well pad and facilig, rather than just the storage vessels as required by federal rules. This will
have a significant impact on the reduction of methane emissions at these s@beces.
greenhouse emissions including leaks from all sources and associated air pollutiain contr
equipment located atveell site is limitedto 100,000 tons expressed as carbon dioxide equivalent
(CO2e) on a 12nonth rolling sum basis.

Natural Gas Compression and Processing Faciliti€eneral Permit (GF5)

On February 2, 201R)EPfinalized revisions to a general plan approval and general operating
permit for natural gaéired engines and equipment at gas processing plants and compressor
stations which help move gas from well sites into transmission pipelines. The revised general
permit estabithes requirements for best available technology and a comprehensive leak

detection and repair program to minimize emissions including greenhouse gas emissions. The
revised general permit also limits the greenhouse emissions including leaks from &k smac
associated air pollution control equipment located at a natural gas compression and/or processing
facility to 100,000 tons expressed as carbon dioxide equivalent (CO2e) em@nil2rolling

sum basis.

Public Utility Commissiorkfforts to Reduce Bthane Leakage

There are two PUC programs that will contrédta fewer natural gas leaks and thus decrease
fugitive methane emissiong.he amount of emission reduction has not been calculated by the
PUC as such a reduction is viewed as-®eoefit andhot the main driver for either program.

The two programs are Act 11 of 2012 (or Distribution System Improvement Charge (DSIC)) and



theco mmi s sAprib4y 20383, final rulemaking at-20122294746, regarding unaccounted
for-gas (UFGY

On Feb. 14, 2012Act 11 of 2012 was signdaly Governor Tom Corbettindamended Title 66
(Public Utilities) of the Pennsylvania Consolidated Statutes to allow jurisdictional water and
wastewater utilities, natural gas distribution companies, city natural gas distribution operations
and electric tstribution companies to petition tltemmission for approval to implement a

DSIC. The DSIC must be designed to provide for "the timely recovery of the reasonable and
prudent costs incurred to repair, improve or replace eligible property in order to andure
maintain adequate, efficient, safe, reliable and reasonable services." 66 Pa.C.S. § 1353 (a).

Starting Janl, 2013, public utilities were eligible to petition tteammission for approval to
establish a DSICA petition must contain the followingehents: linitial tariff; 2. testimony

and exhibits to demonstrate that the DSIC will ensure the provision of adequate, efficient, safe,
reliable and reasonable serviceldhg-term infrastructure plan;. 4ertification that a base rate

case has beendil within the padive years; and Bany other information required by the
commission.Moreover, the petition must demonstrate that granting the petition and allowing the
DSIC to be charged will accelerate the replacement of infrastructordate, Eqitable,

Peoples, Peoples TWP, PGW and Columbia Gas have filed DSIC petitions with the PUC.

The second program relatesuimaccounted for natural gdsKG). In general, UFG is defined as
the difference between total gas supplies delivered to the naagrdigiribution company

(NGDC) and the amount of that gas the NGDC subsequently delivers to its retail, commercial
and industrial customers, adjusted for company use, temperature, pressure variations or other

allowed variablesAs the name implies, UFGgas t hat is “lost” during
to customer.ThisPUCu | emaki ng establishes the uniform t
gas,” or UFG, to describe gas Il ost from an NG

UFG metric should be sat 3percentfor distribution system UFG.

2.3 Residential , Commercial , and Industrial

Residential and CommerciBhergy Efficiency Standards

The federal appliance and lighting standards are aeffesitive way to reduce energy

consumption, without ragring lifestyle changes, while achieving GHG reductidrse Energy
Independence and Security Act of 2007 set new standards for equipment not previous covered by
an energy efficiency standard, including lighting. In 2009, a Memorandum for the Secretary of
Energy was issued requesting that the Department of Energy (DOE) finalize all outstanding
efficiency standards and to prioritize the development of other efficiency standards that achieve
the greatest energy savings.

The DOE has set a schedule for egegfjiciency rulemaking activities for 2013 that include
final rules forbattery chargers and external power sup@ies$furnace fans. In 2014, DOE has

> http://www.pabulletin.com/secure/data/vol42/42-42/2028.html.
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scheduled final rulemaking standards for efficiency for metal halide lamp fixtures, commercial
refrigeration equipment, walkn coolers and freezers, automatic ice makers, electric motors,
commercial furnaces, commercial packaged air conditioners and heat pumps, commercial water
heaters,icandescerReflector Lamps (IRLDs and general service fluoresceairips and IRLs.

In New York v. Bodmai®5 Civ. 7807 (LAP)DEPand a number of other states secwred
settlement agreement with DQ@& establish energy efficiency standards for a range of consumer
and commercial products that use large amounts of engelyyling electricity, natural gas, and
home heating oil as required under the Energy Policy Conservation Act, 42 U.S.C. &8 6291
seq.

As part of that agreememEP and its litigation partners secured energy efficiency standards for
23 categories ofairces including:roomair conditioners;centralair conditionerswaterheaters;
pool heatersdirect heatingequipment;furnaces antoilers;small furnacesmobile home
furnacesgish washersglothesdryers;fluorescentampballasts;gaskitchenproducts;gas and
electric kitchenproducts;generalservicefluorescentamps;IRLs; generalservicefluorescent
andgeneralserviceincandescernamps;packagederminalair conditioners andheatpumps;
packagedoilers;instantaneouaterheaters less thatD gallonsvolume;electric motors;high
intensitydischargdamps;electric distributiontransformers; andmall electric motors.

The improved energy efficiency standards will result in less energy usage and lower GHG
emissions.

Appliance and lightingtandards are a cesffective way to reduce energy consumption, without
requiring any lifestyle changes and to achieve GHG reductiX@E&.is implementing new

energy efficiency standards for a variety of equipment such as: dishwashers, clothes washers,
microwave ovens, air conditioners, etc. Such standards are projected to reduce GHG emissions
by 6.9 MMtCQe by 2020. Many of the electric distribution companies are offering incentives to
encourage the transition to the more efficient appliances anahfight

Industrial/Institutional Sources

On December 20, 2012, EPA finalized maximum achievable control technology (MACT)
emissions standards for industrial boilers and process hdatesting affected boilers are

required to comply with the MACT requiremts by Jan. 31, 2016. In order to comply with

these standards, several existing industrial and institutional coal fired boilers are in the process of
converting them to burn natural gas which will result in additional GHG emission reductions.

2.4 Land Use and Transportation

Brownfields

For more than a decade, other states have lookedEt® awardwinning Land Recycling
Program as a national model for the successful cleanup of underutilized and often abandoned
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industrial properties. DEP has 18 yeaf experience in cleaning up more than 4,760 brownfield
sites.

Brownfields are undesgedproperties where the presence or potential presence of hazardous
substances, pollutants or contaminants complicates expansion, redevelopment or reuse of the

prope t i es . Pennsyl vania’s approach to brownfi e
model for transforming abandoned, idle properties into safer places that contribute to greater
economic opportunity and revitalize communities. Under the Land Regatith

Environmental Remediation Standards Act (Act 2) of 1995, thousands of brownfield sites in
Pennsylvania have been returned to productive use, providing jobs and tax revenues, and

benefiting local communities. Existing infrastructure, historic buggiand close proximity to
transportation are among the many esfétctive benefits for reuse of brownfields.

Brownfield site cleanup and development can restore the environment and provide significant
economic benefit to Pennsylvania. Reuse of breavhfid s pr eserves Pennsyl va
“gr e e hdips reduath®e growtholGHGs and preserves the common
sequestration capacity.

Natural Gas Energy Development Program

Act 13 of 2012 provide$20 million, funded by atural gas operator impact fees, over three
years for the purchase or retrofit of healuty vehicles to operate on natural gas. In the first
grant round, 329 heawyuty vehicles were purchased or converted to run on natural gas, which
will support 16 newe-fueling stations in Pennsylvania. It is projected that these prdjeats

the first round alon®ill displace 3.67 million gallons of gasoline each year.

Retail VehicleFueling Operationat Industrial Facilities (Exemption Category No.33)

On Augustl0, 2013DEPalso finalized an amendment to the Air Quality Permit Exemption List
for Category No. 33 (pertaining to retail gasoline dispensing facilities and similar vletiey
operations at industrial facilities). The criteria also include ade#d&ction and repair program

for the compressed natural gas fueling station to minimize greenhouse gas emigsens.
greenhouse emissions including leaks from all sources and associated air pollution control
equipment located #tese facilities arémited to 100,000 tons expressed as carbon dioxide
equivalent (CO2e) on a 4onth rolling sum basis.

2.5 Agriculture and Forestry

Forest Management

Sustainably managed forests will store carbon for decades, and durable products made from
wood may storearbon for evenlongerAs st eward of Pennsyl vani a
foreststhe Department of Conservation and Natural Resou@8IR) strives to protect,

enhance and promote these lands for use and enjoy®enties show that wethanaged

S
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forests sequester carbon at higher rates then poorly managed for€std.R ’* s-term dorest
management plan ensures that this resource is held to the highest environmental standards.

In 2013, Pennsylvania state forests were once again cegsfiaell managedy Scientific
Certification Systems under the FeF®isaSt ewar
independent organization supporting environmentally appropriate, socially beneficial, and
economically viable management of the worldigeébs. For the 16 consecutive year, since

1998 when a team of scientists first began reviewing management of the 2.2 million acres of
state forestlands, researchers | auded Pennsyl
practices and innovation managing forest resourcebhis careful management ensures that
DCNR' s state forest system continues to seque

In addition to ensuring the lortgrm health and sustainability of state forestland, DCNR also
provides technial assistance to landowners to guide forest planting, encouraging responsible
maintenance of private forestland.

Well-managed forests also yield a reliable supply of {gjgality wood, which increases the

likelihood that timber harvested from these fdesgis over time are used to create durable wood
products. Durable wood products prolong the length of time forest carbon is stored and not

emitted to the atmospher&ubstituting products made from wood for products with higher

embodied energy in buildinmaterials can reduce GHG emissioBsCN R’ s manage ment
activities and timber sales continue to promote and encourage the use of durable wood products.

Protecting Pennsylvania’s Open Space

As Pennsylvania’s popul at i @mdinchestatethanremaias t o i nc
undeveloped and left for the public to enjBecause loss of forests and open space to

development reduces the carbon sequestration potential of these lands, preserving them through
protection and acquisition is an impart&HGreduction strategyDCNR supports land

conservation through a number of methods, including acquisition of lands that are added to state
parks and forests, funding for acquisition of conservation lands by local government or nonprofit
entities, andunding of the purchase of easements on privately held progarstate acquisition

alone, DCNR has preserved 3,995 acres since 2011.

Act 13 of 2012, signed by Governor Corbett on February 14, 2012, provided the first infusion of
money into the Growing Greenerdgram since 20Q%s well as providing ove20 million
annually in new park, open space, aedreatiorfunding.

TreeVitalize

Planting trees in urban and suburban areas contributes to cleaner air and water, aesthetic benefits,
and hcreases carbon sequestratibrees also provide shade, which reduces the fossil fuel

demand primarily for coolingn April 2013, DCNR expanded the awaninning TreeVitalize

community treeplanting and education program to communities acrossdke 3the program,

which previously had been a success in 13 major urban areas, has resulbeel ihar860,000

new trees planted to makFendBedns$Wrwovagha DENRI B
Forestry grants and municipal, private agency amipamy involvement, TreeVitalize depends
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on community support to increase tree canopies across the state, and educate and engage citizens
in the care and selection of these new trees.

Implementing New Energy Efficient Technology

In order to makeur stateforests and parks more energy efficient and reduce their carbon
footprint, DCNR has incorporated new green technologies into construction of new buildings
and retrofits of existing infrastructur@®y implementing the latest green technology in
constructio and land use, and by utilizing new forms of alternative energy, such as solar and
wind power, state parks are averaging é83percentdecrease in yearly electrical bills

recent study found that five state parks saved more than $27,000 in jusetdnzenerely by
upgrading their lighting to more efficient bulbs and fixtures.

New construction at state parks and forests features Léefetidied buildings and landscapes to
maximize efficiency and minimize future maintenance coSsld LEED Certifiation was

awarded in 2011 to the Penn Nursery facility in Centre County as well as the Tiadaghton Forest
Resource Management Center in Lycoming Couiiitye construction of a new Resource
Management Center in Weiser State Forest and a new visitor cefaepbsburg Environmental
Education Center are complete; and a visitor center at Ohiopyle State Park is under
construction.All are pursuing LEED certificationln all, DCNR currently has 11 LEED

certified park and forest buildings.

No-Till Farming

No-till cropping systems sequester soil carbon that would otherwise be released to the
atmosphere through conventional cultivation practidés-till farming also reduces the amount
of nitrogenbased fertilizer being applied therefore, providing reductiom&O emissions.No-

till also results in reduced time spent preparing the fields such that diesel fuel consumption is
reduced and therefore, provides a third source of greenhouse gas reductions.

Over the last several years -tibpractices have beencreasing in Pennsylvania agricultuie.

2007, netill was practiced on 50.dercentof the major crop acreage and conventional tillage

was used on 29 @ercentof the major crop acreage in Pennsylvarher conservation tillage
practices were used dine remaining 20.percent In 2012, USDA reports that #idl was

practiced on 59.percentof the major crop acreage, and other conservation tillage practices were
used on the remaining 2208rcentin PennsylvaniaWith more crop growers realizing fgmtial
advantages to nll and other conservation tillage practices including reduced labor costs and
increased water filtration, it is anticipated thattiliopractices will continue to increase through
2020.

2.6 Inventory Efforts

DEPis now colleting more information related to GHGs. Each y&dEP compiles an

emissions inventory of certain regulated air contamination sources as provided under 25 Pa.
Code § 135.3 (related to reportingeginning in the 2012 calendar yeawners and operators

of GHG sourcesare required to submamissions datannually to DEP.
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In addition, EPA has instituted a GHG reporting rule for many industry sectors. This GHG data
can be found at the following web sitbttp://www.epa.gov/ghgreporting/index.htrithese

inventory efforts will allowDEPto develop more accurate GHG projections and will provide
useful data for projecting and assessing future climate impacts.

2.7 Conclusion

Pennsylvania C@emissias have fallen dramatically, in large part because Pennsylvania is
generating more electricity with natural gas instead of coal. However, other factors, including
improved energy efficiency standards from consumer products and automobiles have contributed
to the decline in carbon emissions. Penreyila continues to be a leaderéducing methane
emission from the natural gas industry and solid waste landfills. Moreover, further reductions
areoccurring, and future reductions will occtlirough new regulatory requirements like the
Tailoring Rule, NSPS, and MACT
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Chapter 3. GHG Inventory

This chapter summarizes Pennsyl vani &2000 GHG em
(historical), 2010 current available EPA data) and 2020 (projected EPA data forwaedDREP

prepared Pennsydvn i GHG £missions inventory and reference case projectidhs.

inventory and reference case projections (forecast) protdeDEP with an understanding of

current and possible future GHG emissions (hereafter referred to I&~th& he informationn

this chapter does not reflect the current emissions of GHG in the Comaitimwiedoes

however reflect the most recent EPA values of the GHG inventory and reference case projections
available at the time of the writing of this repbrt.

In this ActionPlan and the original 20Q89an, GHG emissiorinventorieswere developed using

the Feder al Environment al Protection Agency’s
which isa set of generally accepted principles and guidelines for state GHG emission

inventories, relying to the extent possible on Pennsylvapexific data and inputsthe tool

provides an aggregated total for each sector and does not include emissions for specific power
plants, industrial facilities, or other point sourcéisshows whee Pennsylvania was, where

Pennsylvania is currently, and where Pennsylvania is going with respect to GHG emissions with
respect to the data available within the SThe reference case projecticare based on a

compilation of various existing projection$electricity generation, fuel use and other GHG

emitting activities, along with a set of simple, transparent assumptions.

The Inventory and Projections of GHG Emissions (I&BYers the six types of gases included in
the U.S. GHGnventory: carbon diake (CQ), methane (Clj, nitrous oxide (NO),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfur hexafluorigle E&kssions

of these GHGs are presented using a common metrice@@valence (C&e), which indicates

the relative contributioof each gas, per unit mass, to global average radiative forcing on a
global warming potentialveighted basis.

It is important to note that tH&P estimates reflect the GHG emissions associated with the
electricity sources uandsdn2016, camesgondinfPteama nsy |l vani a
consumptiorbased approach to emissions accounting. Another way to look at electricity

emissions is to consider the GHG emissions produced by electricity generation facilities in the
state—a productiorbased method. Thepver both methods of accounting for emissions, but

for consistency, emissions for all sectors are reported as consubased.

® EPA, State Climate and Energy Program, State Inventory Tool, August 12,2013

" Changes in the atmospheric concentrations of GHGs can alter the balance of energy transfers between the
atmosphere, space, land, and the oceans. A gauge of these changes adiatieel forcing, which is a simple
measure of changes in the energy available to the-Eanlosphere system. Holding everything else constant,
increases in GHG concentrations in the atmosphere will produce positive radiative forcing (i.e., a netimttrease
absorption of energy by the Earth). SBeucher, O., et al. "Radiative Forcing of Climate Change." Chapter 6 in
Climate Change 2001: The Scientific Bagisntribution of Working Group 1 of the Intergovernmental Panel on
Climate Change Cambridgeniversity Press. Cambridge, United Kingdohvailable at:
http://www.grida.no/climate/ipcc_tar/wg1/212.htm
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3.1 Pennsylvania GHG Emissions: Sources and Trends

Table3-1 provides a summary of GHG emissions estimated by the EPA fosyeania by

sector for 2000, 2010 and 2020. As shown in this table, Pennsylvania is estimated to be a net
source of GHG emissions (positive, or gross,
GHG emission sinks (removal and/or store negaimessions). The net emissions for

Pennsylvania are calculated by subtracting the equivalent GHG reduction obtained from
emissions sinks rom the gross GHG emission total. The following sections discuss GHG

emission sources and sinks, trends, projectiorduacertainties. The following sections

discuss GHG emission sources and sinks, trends, projections and uncertainties

3.2 Historical Emissions

According to EPA data in 2010, on a gross emissions consumption basis (i.e., excluding carbon
sinks), Pennsylnia accounted for approximately 264 million metric tons (MMt) 0p&O

emissions, an amount equal to about 4.4 percent of total U.S. gross GHG emissions. On a net
emissions basis (i.e., including carbon sinks), Pennsylvania accounted for approxintately 23
MMtCO.e of emissions in 2010, an amount equal to 3.9 percent of total U.S. net GHG
emissonéPennsyl vania's GHG emi ssions decreased al

In 2010, on a gross emissions consumption basis (i.e., excluding carbe) Beknsylvania

accounted for approximately 264 million metric tons (MMt) of E@®missions, an amount

equal to about 4.4 percent of total U.S. gross GHG emissions. On a net emissions basis (i.e.,
including carbon sinks), Pennsylvania accounted foraxpmately 230 MMtCQe of emissions

in 2010, an amount equal to 3.9 percent of total U.S. net GHG emigfloesa n syl vani a’' s
emissions decreased along with those of the nation as a whole. FroiR 20000, Pennsyl v a
gross GHG emissions decreased’/lpercent, while national gross emissions decreased 3.8

percent’ On a percapita basis, Pennsylvania residents emitted about 20 metric tons (t) of gross

CO.e in 2010, less than the national average of about 23 metrjetCO

8 The national emissions used for these comparisons are based on 2010 emigsithS fiEnvironmental
Protection Agencyinventory of U.S. Greenhouse Gas Emissions and Sinksit 209April 15, 2008, EPA43R-
12-00. Available athttp://www.epa.gov/climgchange/emissions/usinventoryreport.htmi

° The national emissions used for these comparisons are based on 2010 emissions from U.S. Environmental
Protection Agencyinventory of U.S. Greenhouse Gas Emissions and Sinksi 20QQApril 15, 2008, EPA43R-
12-00. Available athttp://www.epa.gov/climatechange/emissions/usinventoryreport.html

1 During this period, population grew by J2rcentn Pennsylvania and (8.7 perentnationally.
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Table 3-1. Pennsylvania Historical and Reference Case Emissions, by Sector*

Sector / Emission Source (MMtCOe) 2000 2010 2020
Residential 25.91 20.49 18.42
Commercial 12.83 10.58 11.19
Industrial 78.03 69.2 78.96

Combustion of Fossil Fuels (G&H, & N,0) 50.25 39.2 46.49

Industrial Processes (GAN,O, HFC, PFC & S 15.27 13.02 14.78

Coal Mining and Abandoned Coal Mines (§H 9.58 10.1 9.49

Natural Gas and Oil Systems (@H 2.93 6.88 8.2
Transportation 69.49 66.88 65.04

Onroad Gasoline 44.58 44.81 37.19

On-road Diesel 10.8 15 19.23

Marine Vehicles 3 0.01 0.011

Natural Gas, LPG, Other 3.38 3.49 4.66

Jet Fuel and Aviation Gasoline 7.78 4.68 4.69
Electricity (Consumption) 90.19 87.25 98.08
Electricity Production (in-state) 122.74 123.32 134.48

Coal (CQ, CH; & N,O) 115.47 106.93 116.95

Other (CQ, CH, & N,0) 0.34 1.41 1.54

Natural Gas (CQ, CH; & N,0) 2.125 13.9 15.2

Oil (CO,, CH; & N,0) 4.3 0.57 0.21

MSWI/LFG (CQ, CH; & N,O) 0.5 0.51 0.58

mze(t);mported (Exported) Electricity (GOCH, & 3255 36.07 -36.04

Sector / Emission Source (MMtCOze) 2000 2010 2020
Agriculture 8.38 6.12 6.29

Enteric Fermentation 3 3.01 291

Manure Management 1.55 1.14 1.24

Agricultural Soil Management 3.82 1.97 2.14

Burning of Agricultural Crop Waste 0.01 0.006 0.004
Waste Management 5.57 3.59 4.26

Municipal Solid Waste (C& CH,; & N,0) 2.74 2.12 2.77

Industrial Landfills 0.19 0.051 0.05

Waste Combustion 1.61 0.51 0.58

Wastewater (CH& N,0) 1.03 0.91 0.86
'Ilg'g';?;)Statewide Gross Emissions (Consumption 290.4 264.11 282 24

Increase relative to 2000 -9.05% -2.80%

Increase relative to 2010 6.42%
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Total Statewide Gross Emissions (Production Basis) 322.95 300.18 318.64

Increase relative to 2000 -7.05% -1.33%
Increase relative to 2010 5.79%
Forestry and Land Use -21.25 -34.43 -33.99

Total Statewide Net Emissions (Consumption Basis)

(including F&LU sinks) 269.15 229.68 248.25
Increase relative to 2000 -14.67% 1.77%
Increase relative to 2010 7.48%

Total Statewide Net Emissions (Production Basis)

(including F&L U sinks) 301.7 65.75 284.65
Increase relative to 2000 -11.92% -5.65%
Increase relative to 2010 6.64%

MMtCO.e = million metric tons of carbon dioxide equivalent; MSW = Municipal Solid Waste; LFG = Landfill Gas;
LPG = Liqudied Petroleum Gas; CH Methane; NO = Nitrous Oxide.

* Totals may not equal exact sum of subtotals shown in this table due to independent rounding. NA = information
was not available.

The principal sources of Pennlsciitity@nmsumptios GHG e
followed by the industrial sector and then the transportation sdeémh of these accounted for

33 percent, 26 percent and 25 percent of Penn
shown in Figure&-2. The next largestontributor is the residential/commercial fuel use sector,
accounting for 12 percent of gross GHG emissions in 2010.

Figure3-1 also shows that the emissions from the agricultural sector accounted for 3 percent of
the gross GHG emissions in Pennsylvani2a010. These CHand NO emissions primarily

come from agricultural soils, enteric fermentation, manure management and agricultural soil
cultivation practices. Also, landfills, waste combuston wastewater management facilities
produce emissions thatcounted for 2 percent of total gross GHG emissions in Pennsylvania in
2010.

Forestry emissions refer to the net GDx** from forested lands in Pennsylvania, which
account for about 58 PFePeoestyl| ohni hénateditode e’'s$ s |
net sinks of C@emissions in the state, reducing GHG emissions by 34.4 MM@(2010.

B« Fl ux” refers t gtotheaniospkeniamsemoval inks)fof,@BGrdthe atmosphere.

12 Total forested acreage in Pennsylvania is 16.5 million afiestotal land area in Pennsylvania is 28.7 million
acres (http://wvw.statemaster.com/state/Rnnsylvania/gegeography).
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Figure 3-1. Gross GHG Emissions by Sector, 2010: Pennsylvania and U.S.
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Notes: Res/Com = Residential and commercial fuel use sectors. Emissitresresidential fuel use sector are
associated with the direct use of fuels (natural gas, petroleum, coal and wood) to provide space heating, water
heating, cooking and other energy amsgs. The commercial sector accounts for emissions associdtetientirect

use of fuels by, for example, hospitals, schools, government buildings (local, county and state) and other commercial
establishments. The industrial sector accounts for emissions associated with manufacturing, emissions from fossil
fuel procesing and emissions included in the industrial fuel use sector. The transportation sector accounts for
emissions associated with fuel consumption by altaad and nothighway vehicles. Notighway vehicles

include jet aircraft, gasoliniieled piston ainaft, railway locomotives, boats and ships. Emissions from non

highway agricultural and construction equipment are included in the industrial sector. Electricity = Electricity
generation sector emissions on a consumption basis, including emissions edsuitiha¢lectricity imported from

outside of Pennsylvania and excluding emissions associated with electricity exported from Pennsylvania to other
states.

3.3 Reference Case Projections

Relying on a variety of sources for projections, a simple refereasmeprojection of GHG

emissions through 2020 was developed. As shown numerically in 3-dblender the reference
case projections, Pennsyl vania’ s gross GHG em
282 MMtCOse by 2020, or 2.8 percent belowd levels and 6.4 percent above 2010 levels.

This equates to a 0.64 percent average annual rate of growth in emissions from 2000 to 2020.
Relative to 2010, the share of emissions associated with electricity consumption inftoeases

32 percento 35 percent by 20201t is note worth at this point to take into consideration that

this older data does not reflect future factors in the electricity generation sector that will
ultimately lower emissions from this sector. The anticipatesureof coal fired electricity
generating stations along with the construction of new natural gastagons and possibfeel
switching from coal to natural gas will have a profound effect on Green House Gas emissions in
the commonwealth.

The share of emissions from the industsiector increases to 28 percent by 2020. The shares of
emissions from the residential/commercial fuel use sectors and the transportation sector both
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decrease 4.7 percent and 2.75 percent respectively from their relative share of emissions in 2010.
The $are of emissions from the waste management and agriculture sectors increase slightly in
2020 relative to their shares in 2000. Once again it is reasonable to surmise that the current data
does not recognize the projected emissions reductions possinlefroh e wast e sector
Gas to Energy (LFGTE) programs growing in Pennsylvania. Currently LFGTE projects are
generating about 150 MW of power while reducing methane emissions from the

c 0 mmo n w @anhittedhlandfills.

Emissions associated witkeetricity consumption are projected to be the largest contributor to
future GHG emissions growth by far; emissions fwaste management and agricultare
modest contributors to future emissions growth as shown in Fsgrevhile emissions from all
other sectors decrease from 2010 to 2020. TaRlsummarizes the growth rates that drive the
growth in the Pennsylvania reference case projections, as well as the sources of these data.

The industrial sector accowatf or 26 per cent sGHGRmisssINROAG NI a’ s
hi gher than the national average of 21lpercent
history of heavy industry. Fuel combustion to provide space heating, water heating, process
heating, cooking, and other energy arsets mkes up the majority of industrial emissions.

Emi ssions from industri al processes account f
2020. These emissions include: the use of HFCs and PFCs as substitutes folepietitey
chlorofluorocarbon$? CO, released by cement and lime manufacturing; @®ased during

soda ash, limestone, and dolomite use; &@ased during iron and steel productiong &ed

in electricity transmission and distribution systems; and HFCs, PFCs, anelé&fsed durig
semiconductor manufacturing. The fossil fuel production sector accounts for the remaining 25
percent of emissions from the industrial sector. These emissions come primarily from coal

mining, although there are also emissions associated with the rgsiialdustry

13 Chlorofluorocarbonsre also potent GHGs; however, they are not included in GHG estimates because of concerns
related to implementation of the Montreal Protocol on Substances That Affect the l@yene
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Figure 3-2. Sector Contributions to Gross Emissions Growth in Pennsylvania, 2000-2020:
Reference Case Projections
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Table 3-2. Key Annual Growth Rates for Pennsylvania, Historical and Projected

2000-2010 | 2010-2020 Sources
VMT -2.01% -1.06 Based on Pennsylvania Department of Transportation Roadway Managen|
System Data and Forecasted Growth Rates
Population 3.43% 0.67%
Electricity Sales | 10.15% -2.72% For 20002010 theaverage annual growth rate is calculated from actual PA

salesFor 20102020, the average annual growth rate is based on PA sales|
the period 2007 to 2011.

EIA = Energy Information Administration; SIT = State (GHG) Inventory Tool; VMT = vehicle miles traveled.
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3.4 A Closer Look at the Three Major Sources of GHG Emissions:
Electricity Supply, Industrial Sector, and Transportation Sector

AsshowninFigur8&-2, el ectricity use in 2010 accounted
GHG emissions (about 84 MMtGE), which was slightly lower than the national i@age share
of emissions from electricity consumption (34 percéhtPnaperc api t a basi s, Penn

GHG emissions from electricity consumption are lower than the national average (in 2010,
7.57tCOye per capita in Pennsylvania, versus 8.02,836%¥ capita nationally).

Electricity Supply

According to the | atest data from the EPA, in
electricity consumption (87.25 MMtG®) were about 36 MMtC4@ lower than those associated
with electricity production (1232 MMtCQwe). The higher level for productidrased emissions
reflects GHG emissions associated with net exports of electricity to other states to meet their
electricity demand® Emissions from electricity exports are projected to increase to a level of
about 38 MMtCQe by the year 2020. The reference case projection indicates that production
based emissions (associated with electricity generatsia) will increase by about 11
MMtCO.e, and consumptiehased emissions (associated with electricitysoomed irstate) will
increase by about 11 MMtG® from 2010 to 2020Electricity generation in Pennsylvania is
dominated primarily by units powered by coal and nuclear fuel. However, the onset of natural
gas production in the state is resulting in a gmeshare in natural gas fired power generating
stations and reducing the share of coal generated electricity.

Projections of electricity sales for 2010 through 2020 indicate that Pennsylvania will remain a
net exporter of electricity. Projected increafgsgn-state sales are driven in large part by

reports provided by the electric distribution companies (EDCSs) to the Public Utility Commission
and further, by applying historic annual rates of growth for each EDC

While estimates are provided for emiggdrom both electricity production and consumption,

unless otherwise indicated, tables, figures and totals in this report reflect electricity consumption
emissions. The consumptidiased approach can better reflect the emissions (and emission
reductionsyassociated with activities occurring in the state, particularly with respect to electricity

use (and efficiency improvements), and is particularly useful for decision making. Under this
approach, emissions associated with electricity exported to otites stould need to be covered

in those states’ inventories in order to avoi

“For the U.S. as a whole, there is relatively little difference between the emissions from electricity use and
emissions from electricity production, as the U.S. imports only abpatdentof its electricity, and exports even

less.

15 Estimatingthe emissions associated with electricity use requires an understanding of the electricity sources (both
in-state and oubf-state) used by utilities to meet consumer demand.
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Industrial Sector

The industrial sector accounts for 26 percent
higher than the national averagd 2 1 per cent . This is not surapr
history of heavy industry. Fuel combustion to provide space heating, water heating, process
heating, cooking and other energy arsks makes up the majority of industrial emissions.

Emissiond r om i ndustri al processes account for 19
2020. These emissions include: the use of HFCs and PFCs as substitutes folepietitey
chlorofluorocarbon$® CO, released by cement and lime manufacturing; @®@ased during

soda ash, limestone and dolomite use; @ased during iron and steel productiorg &ed in

electricity transmission and distribution systems; and HFCs, PFCs amel&ised during

semiconductor manufacturing. The fossil fuel producsiector accounts for the remaining 25

percent of emissions from the industrial sector. These emissions come primarily from coal

mining, although there are also emissions associated with the natural gas industry.

Using the currently available data, untiez reference case projections, GHG emissions from the
industrial sector are projected to increase by 13.36 percent from 2010 to 2020, to 78.96
MMtCO.e in 2020

Transportation

GHG emissions from transportation fuel use have decreased from 2000 to a8dvatage
annual rate of 9.36 percent. In 2010, gasetioered orroad vehicles accounted for about

66 percent of transportation GHG emissionsiroad diesel vehicles for 22 percent; jet fuel and
aviation gasoline for 7 percent and marine vesselsand other sources (natural gasd

liquefied petroleum gafieled vehicles used in transport applications) for the remaining

5 percent.

Overall emissions from the transportation sector are expected to decline at a rate of about
0.1percent annually &m 2010 to 2020 to 65MMtC@®. This overall decrease is driven by the
decrease in eroad gasoline emissions, declining at a rate of 0.7 percent per year from 2000 to
2020, reaching 39 MMtCge in 2020. In contrast, the vehicle miles traveled by gasoline
vehicles is expected to increase at a rate of 1.4 percent per year in the same time period. The
decrease in eroad gasoline emissions is driven by the assumed increase in vehicle fuel
economy resulting from the Energy Independence and Security Act of20€7 increase
Corporate Average Fuel Economy (CAFE) standards. Emissions fropadrdiesel vehicles are
projected to increase by 2.5 percent annually from 2010 to 2020.

18 Chlorofluorocarbonsre also potent GHGs; however, they are not included i& @stimates because of concerns
related to implementation of the Montreal Protocol on Substances That Affect the Ozone Layer.
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3.5 Key Uncertainties

Hi storically, the key c¢ o mjpoosrhastden tbefelediieity n syl v an
sector; primarily coal fired generating statipwhich haveaccounédfor about 50 percent of all

PA electricity generation for many years. Recently, the availability of increased natural gas

supplies, resulting fromtheMad | us Shal e pl ay, has been shift
share away from codired tonaturalga$ i r ed generation stations. Cc
over the past few years because of growing competition from more efficient natufis¢das

plants,new federal emissions standarsishsidized electricity andEPS

From the currently available data presented in Tallethe electricitysectorshare of GHG

emissions is projected to increase to about 98.08 Mie@® 2020 (consumptidoasis), or 8

percent above 2000 levels and 11 percent above 2010 levels. The same data also shows an
increase of 8.6 percent in coal emissions above 2010 levels and an increase of 1.3 percent above
2000 levels. The EPA data captured in the 2020 projedbes not represent the emissions
reductions that could be gained by the closurE3dennsylvania codired generating plants by

2016 It is representative of the business as usual use efi@benerating stations for the
production of electricity

Recent data from the EPAindicates that with the suggested coal plant closings, the cumulative
CO,e emissions reductions will be in the neighborhooti3d¥IMtCO.e and a capacity reduction

of 6500MW. In the same time frame, the PJM proposed newrgéng capacity for

Pennsylvania is 11,659 MW. This new capacity is resultant from new natwfaleghs

generation plants. The new natural gas generated electricity will produce about 6.45 }MtCO
in 2020, resulting in a negative offset®0 MMtCO-e o the projected 2020 electricity GHG
emissions as noted in Tat8el. This will reduce the projected increase8.2 percentbelow

2000 levels an8.26percentelow2010 levels.

DEPDbelieves that natural gas will continue to play a more significdetin electricity
generatiorin Pennsylvania However, emissions associated with electricity consumption are still
projected to be by far the largest contributor to future GHG emissions growth.

Key tasks for future refinement of this inventory and ¢as include review and revision of key
drivers, such as the transportation, electricity demand, and industrial and residential/commercial
fuel wuse growth rates that will be major dete

Pennsylvania’s Electrical Generation

Along with the GHG inventory in this report that was develdpe®EP s Bur eau of Air
prepared a C&emissions trend analysis for Electric Generating Units (EGU) operating in
Pennsylvania projected to the year 2016u s i n g elPeAtorsTodb In preéparing the
analysis the following assumptions were used:

1 A 0.9 percent per year growth of electricity demand (U.S. EIA, AEO May 2013)

7 US EPA, Clean Air Market Emissions RepeiA 2010
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1 All proposed new power projects were added

T Al | E GU’' shedureditbe shutdewn were remed.
9 All other data was extracted from the U.S. EBl&an Air Markets Division
databasé®

Table 3-3: CO, Emissions Trend from All EGUs Projected to 2016

CO2 (1076 Heat Input Gross Load | Gross Load Average

Year CO2 (tons) tons) (MMBtu) (MW-h) (1076 MW-h) | Ibs/MWh
2000 121,409,680 121.41 1,206,528,839| 142,254,37( 142.25 1707
2001 125,402,320 125.40 1,180,119,246| 143,184,791 143.18 1752
2002 124,854,653 124.85| 1,251,865,327| 136,215,651 136.22 1833
2003 129,509,485, 129.51| 1,292,537,172| 138,653,84( 138.65 1868
2004 133,263,467 133.26 | 1,356,529,559| 145,464,463 145.46 1832
2005 136,691,667 136.69 1,383,442,193| 150,458,619 150.46 1817
2006 134,546,579 134.55| 1,362,254,850 149,364,83€ 149.36 1802
2007 138,832,451 138.83 1,424,23,567 | 155,042,65( 155.04 1791
2008 134,714,655 134.71 1,381,296,576| 150,455,844 150.46 1791
2009 127,645,017 127.65 1,353,775,190| 146,679,469 146.68 1740
2010 137,014,082 137.01 1,445,867,861| 156,273,105 156.27 1754
2011 129,419,962 129.42 1,395,662,942| 152,683,794 152.68 1695
2012 120,696,891 120.70 1,347,762,894| 147,450,917% 147.45 1637
2020 (projected) 106,626,251 106.63 1,447,914,193 | 158,407,889 158.41 1346

Table3-3 shows historical C@emissions data from 20@0 2012 and the projected emissions

for 2016. Thenhistoric date demonstrates a 0.71 percent decreasei@ndssions between 2000

and 2012. The projected 2016 data shows a 9.14 percent decline in emissions from 2012 levels
and a decrease in GOf 9.6 percent below 2000 G@vels. The resulting dease in EGU
CO,emissions is a result of two contributing factorghe shutdown of codired EGUs across
thestateand 2 the conversion of other existing coal fired EGUs to cleaner burning natural gas.

Although CQ emissions trends from EGUsshowl@& c| i ne t hrough 2016, PA"
to increase gross load above 2000 levels. A 7.44 percent increase can be seer8i3 datle
Figure 3-3.

18 hitp://ampd.epaov/ampd/QueryToolie.htmData accessed Nov. 8, 2013.
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Figure 3-3: CO; emission trend 2000-2016 from EGUs located in Pennsylvania

Carbon dioxide emission trend 2000-2016 from EGUs located in
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Figure 3-4: Output based emission rate of CO2 2000-2016
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Figure3-4 also shows decline in the emission rate of €@ojected from 2000 to 20. As can
be seen on the grapthe emissions rate declines from about 1700 Lbs./MWh in 2000 to about
13501bs/MWh in 2@®0. Thisis approximatelya21.1percent decrease in the €é€missiongate
from PA’ s EGUs 20yearperiadh¥he gmissionseratet redaiction is also
attributed to the planna@tirement oicoalfired EGUs across the commonwealth and the
planned conversion of other existing cliséd EGUs to cleaner burning tuaal gas.
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Chapter 4. Cost-Effective Strategies For Reducing Or Offsetting GHG

Emissions

The following sections of this chapter outliadist of options and initiatives for consideration
reduceGHG emissions in Pennsylvani@he options are orgared by sectoand include a

overview withthe challenges and opportunitieseaichsector.Each of these options should be
weighed in consideration wi t dtheltmmpeatitersarounda ni a’ s
the world so as not to shift the ecan@ activity to a different locale, thereby not reducing
greenhouse gas emissiphat only shifting them to anothezgion

Many of the coseffective strategies for reducing or offsetting GHGs result in an overall savings
to the economy, buh place ofthose that do not result in a castvings, markebased solutions
should be soughNon-market based approaches, such as government mandates on electric
generation portfod standards should be avoided.

4.1 Electricity Production, Transmission, and Dis tribution Overview

The electricity production, transmission and distribution (EPTD) sector incleil€emissions
from all production, transmission and distributioretgctricity. Pennsylvania power plants are
anticipatedo continue to produce more eliecity than is consumed in the state for residential,
commercial and industrial uses while also providing electricity to meet the demands of other
Mid-Atlantic States making Pennsylvania a net exporter of electricity

Electricity generation in Pennsywria expanded at a modesinual rate o1.3 percent from
2000 to 2010From 2000 to 201,the average annual growth régeexpected to be 0.8 percent.
Efficiency gains in the commercial and residential sectors have helped to sliowrédasing
demand fo electricity, a trend which will continue.

The EPTDsector is the largest source of GHG emission in the state. In 2000, on an electricity
production basis, the sector contributed ad@2.74 MMCO,e emissions (abol88 perceny to
Pennsyl v statewade gross GHG arhissiddn a consumption basis, in 2000 the sector
contributed abou®0.19MMt CO,e of emissions (aboutldercenft o Pennsyl vani a’ s
GHG emissions.

Overall, emissions for the sector are expected to incBpsecenton aconsumption basis

betweer?000 and 2020based on facasts using the EPA State Inventory T&pecifically, the

productonb ased GHG emi ssions associated with Penns
only 0.58MMtCO,e betweer2000 and 2020. On a onsumption basis, GHG emissions

associated with the energy sector increased by 8.30WIMt between 1990 and 2000,

accounting for 1percentof the growth in GHG emissions. By 2020, consumpbased

emissions are expected to increase from 2000 levelsgrgxdamately8.7 percentfrom roughly
90.19MMtCOse in 2000, to abo8.08MMtCO,e in 2020.However,asdiscussed in Section

3.5, a reduction in 2020 GHG projectedissions are expected to decrease due to the shutdown

of coakHired electricity generatig units and conversions to natural gas generation.
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Challenges and Opportunities for Energy Production, Transmission and
Distribution

Traditionally, coalfired power plants have been the main source of GHGs from this sector. Coal
production has been detng since 2000 and is expected to decline until at least 2017 and likely
beyond. By 2017, coal production in Pennsylvania is pregdotbe 73percentof the production
levels in 2000Due to increased federal regulations, as well as the availalfiligtoral gas,

many coaffired power plants have either retired, reduced run time, or are exploring fuel
switching to natural ga®hen fired, natural gas has a lower Gp@&encythan coal.

Since the last Climate Change Action Plan was completed in 2G08ft in energy generation
in Pennsylvania has occurred due todkailability of lowercostnatural gasNaturalgasuse
canlead to reductions afot only CQ, but also S@and NOx emissions, providing a flexible
response to emissions requirements seasonal fuel prices.

Figure 4-1. Shares of electricity generation by fuel type in Pennsylvania

2000 | 2010 | 2017
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m Coal m Hydroelectric
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m Other (Non-Woody) Biomass = Petroleum

Renewable Sources

Source: Pennsylvania Public Utility Commission, Energy Information Administration

Methane

Natural Gas

In 2011, methane (Cflaccounted for about®ercentof all U.S. greenhouse gas emissions from
human activities. Methane is also emitted by natural sources such as livEstigclan be

removed throughatural processes in soil and chemical reactions in the atmosphere. Methane's

lifetime in the atmosphere is much shorter than carbon dioxidg) (6@ CH, is more efficient
at trapping radiation than G@ccording to the EPA, whemethanethe major component of
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natural gasis emitted into the atmosphere, it is approximatelyides$ more potent a
greenhouse gas than carbon dioXid®lethane losses from natural gas extraction and delivery
accounted for 3percentof U.S. methane emissions angefcentf the total U.S. GHGs in
2009.Reducing these losses wpltovide significanenvironmental benefit through the reduction
of greenhouse gas emissions.2012, EPA adjusted their estimates on methane losses from
natural gas b%0 percent®

The naturabasresources from within Pennsylvania, particularly from deep shale formations
such as the Marcellus and Utica, offer opportunity for economic prosperity and renewed
optimism for greater energy independence and securftgpotential climate impact that may
resultfrom replacing other fossil fuels with methane depends largelgeotype of fuel being
replaced.When estimating the net climate change implications ofsudiching strategies,
outcomes must be based on the complete fuel cycle, a Life Cycle Analysis, and account for
changes in the radiative forcing effects (warmiofhe relevant GHGs.

Beginning in 2015, EPA regulations will require natural gas operators to employ green

completion technology to prevent gas from escaping into the atmosphere after the well has been
hydraulically fractured, since this is typically ainthe most methane is releasdtany

unconventional operators in Pennsylvania are already employing this type of techwioégy

feasible “ Gr een compl etion” technology captures th
the flowback period after lyaulic fracturing.By implementing green completions, emissions

are expected to be reduced by up tp8&ent The newfederalregulation also includes

requirements for other sources of emissions in the oil and gas industry, including storage vessels.

Pennsylvania has also introduced measures to reduce emissions from gas and oil operations that
include a revised General Operation Permit for compressor stations and processing operations
that meet emission standards seDiBP. These facilities wiluseleak detection and repair

program (LDAR) to reduce and control emissions of methane. Operating permit exemptions
such as Exemption 33 and Exemption 38 are also available to gas and oil operations that meet
the criteria set bIDEP.

Practices such adJAR for the entire well pad and facility, rather than just the storage vessels
as required by federal rylare more stringent than the federal rules. Any leaks must be repaired
within 15 days unless the operator shuts the site down or is in the pobeesgiiring

replacement parts. Emissions of volatile organic compoundbkaaaddousir pollutants must

also be controlled beyond levels required by the federal rlIE® guidance also requires that
emissions of nitrogen oxides be less than 100 popedkour, half @on per day and 6.6 tons

per yearThe federal rules do not address or limit such emissions.

The EPA has also encouraged natural gas operators to join the Natural Gas STAR Program. This
program was first developed in 1993 and providesrators with information on cesffective

YEPA. http://www.epa.gov/climatechange/ghgemissions/gases/ch4.html
2 EPA. Inventory of U.S. Greenhouse Gas Emissions and Sinks: @A April 2013)
http://www.epa.gov/climatechange/Downloads/ghigsions/USGHG-Inventory2013Main-Text.pdf
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methane emission reduction technologies and practices and requires participating operators to
submit annual reports describing the actions
and more shale wells adeilled and hydraulically fractured each year, programs like this will

become more important at controlling methane leakage from natural gas production and
distribution.

Other Sources of Methane

In addition to being the main component of natural gasethre a number of other sources of
methane in Pennsylvania, including the biodegradation of trash in landfills, coal bed methane,
and fermentation of organic matter (such as manu@apturing this methane before it is emitted
into the atmosphere is nohly beneficial to reducing GHGs, but it is also an opportunity for
additional energy generatiodMany of the coseffective strategies outlined in this section of the
report focus on the capture and use of methane.

Around the world, the most populaethod of waste disposaliis landfills. When the organic
material disposed of in landfills breaks down anaerobically, it releases landfill gasrf&ht

60 percentmethane, 4@ercent-45 percentC(O,) into the atmosphereDepending on local

conditiors, a small amount of the carbon in organic waste placed in landfills may be sequestered
there indefinitelyHowever, placing waste in landfills does not reduce GHGs from waste
management, unless the landfill gas is managed progddyy landfills in Pensylvania are

usingthe landfill gas to their benefity using it to generate electricior heat, oby liquefying it

for use as a transportation fudlhis renewable source of energy, which would otherwise be

flared off into the atmosphere, can be ugedff-set other power sources.

In 2013, a public/private initiative was unveiled in Franklin County, where PPL Renewable
Energy and the borough of Chambersburg have partnered to use landfill gas for electricity
generation.The 6.4 MW power generation $gms captures methane from decomposing trash at
the IESI Blue Ridge Landfill anbdarnesses to generate 50 million kilowatiours per year of
electricity. This electricity generation is enough to powg00 homesor roughly onehird of

t h e b oelestucgustonsersThis one partnership project has to potential to save more than
40,000 tons 0€0, emissions each year addition to saving consumers money on their electric
bill each month

Methane gas can also be released from coal mines. ln#éllanethane, coal mine methaoan

be collected before, during, and after mining, and condensed into a fuel resembling the properties
and heat content of natural ddsAbout 75 percent of the methane produced by active projects

in the state is used fpower generation. These active projects resulted in the generation of

almost 900 million kilowatt hours of electricity. This amounts to roughlytomd of one

percent of the total electricity generated in Pennsylvania in 2011.

Zlu. S. Department of Energy, Energy Efficie

ncy and Rene\
Potential for Opportunity Fuels.” August 200

4 .
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Utility DSIC

There aréwo PUC programs that widontribue to fewer natural gas leaks and thus decrease
fugitive methane emissiong.he amount of emission reduction has not been calculated by the
PUC as such a reduction is viewed as-®eoefit and not the main driver fatheer program.

The two programs are Act 11 of 2012 (or Distribution System Improvement Charge (DSIC)) and
theco mmi s sApol 4, 2043, final rulemaking at-20122294746, regarding unaccounted
for-gas (UFG).

On Feb. 14, 2012Act 11 of 2012wvas signd andamened Title 66 (Public Utilities) of the
Pennsylvania Consolidated Statutes to allow jurisdictional water and wastewater utilities, natural
gas distribution companies, city natural gas distribution operations and electric distribution
companies teetition thecommissionfor approval to implement a DSIC. The DSIC must be
designed to provide for "the timely recovery of the reasonable and prudent costs incurred to
repair, improve or replace eligible property in order to ensure and maintain adefjicatat,e

safe, reliable and reasonable services." 66 Pa.C.S. § 1353 (a).

StartingJan 1, 2013, public utilities were eligible to petition ttemmissionfor approval to

establish a DSICA petition must contain the following elementsiriitial tariff; 2. testimony

and exhibits to demonstrate that the DSIC will ensure the provision of adequate, efficient, safe,
reliable and reasonable serviceldhg-term infrastructure plan;. 4ertification that a base rate

case has been filed within the pfige years; and Sany other information required by the
commission Moreover, the petition must demonstrate that granting the petition and allowing the
DSIC to be charged will accelerate the replacement of infrastructordate, Equitable,

Peoples, PeopleBNP, PGW and Columbia Gas have filed DSIC petitions with the PUC.

The second program relates to UFG.general, UFG is defined as the difference between total
gas supplies delivered to the natural gas distribution company (NGDC) and the amount of that
gas the NGDC subsequently delivers to its retail, commercial and industrial customers, adjusted
for company use, temperature, pressure variations or other allowed variablbe name

i mplies, UFG is gas that i s ustdmersThisPUG ur i ng tr a
rul emaking establishes the uniform terminol ogy
gas | ost from an NGDC's system and deter mines

percenffor distribution system UFG.
Peak Demand

Act 129 of 2008 was signed into law @t 15, 2008, and became effectivedav. 14, 2008.
Among other things, thact created an Energy Efficiency and Conservation (EE&C) Program,
codified in the Pennsylvania Public Utility Code at Sections 2806.2806.2, 66Pa. C.S. 8§
2806.1 and 2806.2n one aspect of Act 129, electric distribution comp@yC) peak demand
was to be reduced by a minimum4ob percent of th&DC'  annual system peak demand in the
100 hours of highest demand by May 31, 2013.

By November 30, 2013, tremmmissionwas required compare the total costs of the peak
demand reduction portion of the EE&C plans to the total savings in energy and capacity costs, as
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well as other costs determined by teenmission incurred by retail custmers in thestate If
thecommissiondetermines that the benefits of the peak demand reduction program exceed the
costs, theeommissionmust set additional incremental requirements for reduction in peak
demand for the 100 hours of greatest demand oltenmative peak reduction program approved
by thecommission

With its November 14, 2013entativeorder, thecommissiorreleased for comment an amended
Act 129demandresponseatudy, which included greliminarywholesaleprice suppressiorand
prospectve TRC analysisprepared by theo mmi s sAct d29statewideevaluator and an
assessment of the cexffectiveness of the Act 129 2012 peak demand reduction prodgnam.
addition, theentativeorderseeks comments on an alternative peak demand redyctgram to
be studied for inclusion in a subsequent phase of the Act 129 EE&C ProGanments to the
orderare expected by January 2014 final commissionordershould be issued by March 2014.

Overview of Energy Production, Transmission and Distribution Work Plan
Recommendations and Estimated Impacts

The following strategies were discussed with the Energy Production, Transmission and
Distribution Subcommittee of the Pennsylva@@AC. Table 41 provides a summary of all of
the GHG reductions, cosésid costeffectiveness of all the work plans for the Energy
Production, Transmission and Distribution sector work plansegative cost number indicates
and overall savings to the economl.individual work plans, includingassumptions and
calculationsare included in Appendi®.1.
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Table 4-1. Summary Results for Energy Production, Transmission and Distribution Sector
Work Plan Recommendations

Annual Results (2020) Cumulative Results (2013-2020) CCAC Voting
GHG Costs Cost- GHG Costs Cost- Results
Work Plan Reductions | (Million | Effectiveness | Reductions | (Million | Effectiveness | (yes/No/Absta
Name (MMtCOoe) $) ($/tCO2) | (MMLCOz) $) ($/tCO%e) ined)
285;29 of 8.9 -1,139 -127 19.1 $-2,033 -106 10-3-0
Coal Mine . . . .
Costs and GHG reductis are considered in the Coal Mine Methane Recovery
Methane 12-0-0
Work Plan
Recovery
Combined
Heat and 3.8 -178 -47 17.1 $-544 -32 13-1-0
Power
Reducing
Methane
Leakage 1.12 43 -38.4 11.94 424 -31.76 1300
from Natural
Gas
Infrastructure
Wasteto-
Energy 0.13 1.06 8.14 0.48 $4.25 8.91 14-0-0
Digesters
Beneficial Costs and GHG reductions are considered in the Beneficial use of Waste
13-0-0
Use of Waste Work Plan
Nuclear 5.4 840 155.25 30.4 $3,553 117 11-3-0
Uprates
Manure 0.0139 441 31.73 0.0529 $1.5 28.% 13-0-0
Digesters
Sulfur
dexafluoride | 1 0.07 0.64 0.86 $0.34 0.40 1300
missions
Reductions

Act 129 of 2008, Phases I, II, and 111

Act 129 of 2008wvas signed into law on October 15, 2008 eeglires electricity reduction
measures ThePUChas primary imfgmentation responsibilitgnd has establisheshenergy
efficiency and conservation program implementation ordéis ordemrequires alEDCsto
develop and implement cestfective energy efficiency and conservation plans to reduce
consumption and ped&ad within their service territories

Phase bf theact required a reductioaf 1 percentoelow consumption levels for the period of
June 1, 201%hrough May 31, 2010n total electricity consumption by May 32011 Phase |

also required a Bercent reduction in total electricity consumption by May 31, 20t8m the

same period benchmarkhase Il of Act 129 requires a reduction in total electricity consumption
from June 1, 2012hrough May 31, 2016qual to 3,313,246 MWh, which equates to abou
1,104,415 MWhs per yeailhrough the years 2013 2020, annual reductions equal to 0.75
percentf projected electricity consumption is required.
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Forphase 2, the chart below outlines the energy efficiency reductions that each EGU has
achieved.

Utility Territory | Three-Year % of Energy Efficiency Reductions
Duquesne 2.0
Met-Ed 2.3
Penelec 2.2
Penn Power 2.0
PPL 2.1
PECO 2.9
West Penn 1.6
AVERAGE 2.2

Source: PUC

Coal Mine Methane Recovery

When coal is mined and processed for use, substantial amoumnéth@ine gas are released. Coal

bed methane is methane conéal within coal formations thamaybe extracted by gas

exploration methods or released as part of coal mining operations. This work plan deals with coal
mine methane (CMM), the methane withie ttoal that can be vented or recovered prior to

mining, during mining and immediately after minithge coalas some gas escapes to the surface
through posmining vents or boreholedlethane gas that remains sequestered within an
abandoned underground coaine does not contribute ®HG emissions, but could band

sometimes isrecovered by subsequent gas exploration operations.

A CMM recoveryinitiative would encourage owners/operators of current longwall mines, and of
any new gassy underground coal esrthat are mined by any method, to capturpetfentof

the estimated total coal mine methane that is released into the atmosphere before, during, and
immediately after mining operation&t this time it is not feasible to capture methane liberated

by high velocity ventilation system$his meanghe proposed and encouragedpdcent

capture of total coal mine methane from gassy underground coal mines would have to be realized
from premining surface drill holes, horizontal drill holes within the minefoo a brief time

from surface drill holes into the pastining gobarea.

Combined Heat and Power (CHP)

CHP is a term used to describe scenarios in which waste heat from energy production is

recovered for productive use. The theory of CHP is to maxithezenergy use from fuel
consumed and to avoid additional Ghis Ghitigiveby t h e
encourages distributed CHP systems to reduce fossil fuel use and GHG emissions.

Reductions are achieved through the improved effigi@CHP systems, relative to separate

heat and power technologies, and by avoiding the losses associated with moving power from
central generation stations to distant locations where electricity is used.
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The reclaimed thermal energy can be used by oiarby entities (e.g., within an industrial park
or district steam loop) for productive purposésnerating stations in urban areas may have
existing opportunities or mayenefit fromthe celocation of new industry. For Pennsylvania, the
largest sourcef new, costeffective CHP potential is in industrial facilities that have continuous
thermal loads for domestic hot water and process héating

By 2020, the goadf this initiative is touse64 million MMBtu of natural gaand7 million
MMBtu of biomassn CHP applicationsThis initiative would cumulatively reduce GHG
emissiondy 17.1 MMICO,e by 2020 at a cost of $544 million. This initiative has high feod
costs and cost savings will potentially be realized after 2020.

Reducing Methane Leakage from Natural Gas Infrastructure

In recent yearghe U.S. natural gas industhas beemleveloping more technologicalfdvanced

methods for extraction that have resulted in increased drdfingw wells in unconventional
reservesNatural gas is released the atmosphere through fugitive and vented emissions.

Fugitive emissions are methane leaks often through pipeline and system comzucbras

compressor seals, pump seals and valve packeged emissions are methane leaks from a

variety of equiprent and operational practices, such as well completion actjatidsare
directly attributed to an organization’s acti

OnAugust 16, 2012federalregulationsvere promulgated by the EPA for the aild gas sector.
These regulations, @&l SourcePerformanceStandardsSubpart OOOO (NSPS), are designed to
regulate and reduce volatile organic compounds ante8@ssions from oil and gas exploration,
production, processing and transportation facilittagopart OOQ@ does not directly gulate
methaneor CO, emissions. ldwever significant collateral emissions reductions of methane will
result from the capture and control of fugitive natural gas emissions required fybibést

EPA’ s Na tTAR Rrdgran@saas/oluBtary initiative to reduce fugitive emissions from all

aspects of natural gas production, transmission and distribMionc h of t he i1 ndust r
knowledge regarding the supply and costs of mitigating fugitive methane emissions comes from

this program, and appears to be the foundation for the NSPS.

Natural Gas $AR partners have reported that performing reduced emissions completions
(RECs) recovers most of the gas that is normally vented or flared during the well completion
process. RECs is@as recovery process that involves installing portable equipment that is
specifically designed and sized for the initial high rate of water, sand and gas flowback during
well completion. The objective is to capture and reintroduce this gas back inystm o

avoid venting or flaringThere has beea 78percentreduction in emissions from the production
sector as a result &est Management Practice®\Ps) such as REC&

2 (ACEEE et al., 2009)
# US EPA. (2007). Project Opporturgs Study for Partner X. Natural Gas Star Program
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As part of normal operatigpneumatic control devices release or bleed nbgiasto the

atmosphere and as a result are a major source of methane emissions. In the transmission sector
there are an estimated 85,000 pneumatic control devices and the actual emissions level, or bleed
rate, largely depends on the design of the deleduced methane emissions can be achieved

by the following methods either alone or in combination:

1 Replacing higkbleed devices with lovbleed devices having similar performance
capabilities

Installing lowbleed retrofit kits on existing operating deice

Performing enhanced maintenance, cleaning and tuning, repairing or replacing leaking
gaskets, tubing fittings and seals.

T
T

By reducing methane emissions from higlaed pneumatic control devigesgnificant
economic and environemtal benefits can becheved

Waste-to-Energy (WTE) Digesters

This initiative encourages an expansion of regional digesters that can offesslzateeand

higher technology treatment for a mixture of feedstocks including orgaimdcipal solid waste

(MSW), organic residual mste, manure, and biosolids. Thermophilic anaerobic digestion is the
preferred strategy for future digestion facility planning, rather than the common mesophilic
technologies thaarepredominate on U.S. farms and wastewater treatment plauisnologies

common in Europe provide for mixed feedstocks, yield more gas and are more efficient than
manureonly digestersThe effluent (digestate) is closely monitored and can yield preeision
agriculture soil amendment with a guaranteed nitrggersphorugpotassim analysis for

fertilizer application. Depending on the exact technology/vendor selected for these digesters,
about 50 percent of the input is manure, and the remainder is some combination of food residues,
crop residues, yard wastes, organic fraction 8Wior sewage sludg&éhe European model for
centralized digestion relies on processes that digest waste that has a moisture content of less than
25 percentUsingdrier feedstocks provides for a higher biogas yield and allows for a more stable
digestion pocess that requires less mixing and disposal of wastewater.

Building four additional wastdo-energy digesters in Pennsylvania by 2020 would eliminate
about0.33 MMtCGOse over the period

Beneficial Use of Waste

Pennsylvania is second in the countryarms of generation of the amount of electricity from
landfill-gasto-energy projects, and tistatée BVTE facilities also contribute to greenhouse gas
reductions through the productionwggto 276.5MW, and generated of 1,604,742 MWh in 2011
basedonU& | A’ s dTais strategy veould ensure that all MSW generatedisposed of
within the state is disposed of at a permitted waste disposal facility and increase the amount of
energy generated by existing waste disposal facilities.

US EPA’ s dthanme @dtredcH Prolyram reports that as of July 2013, 43 out of 51 landfills
in Pennsylvania have operating LFGTE projects
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rate and is in the teg nationally. Despite all of these successes, onlyes®entof collected

landfill gas at Pennsylvania landfills was used for beneficial use in2ate annual

generating capacity of the 42 active plants in Pennsylvania exceeds 37 billion cubitdtet.
currently planned projects were developed, this gemgratpacity would increase to over 40
billion cubic feet per year by 2015. An additional 28 projects with a total capacity of over 17
billion cubic feet per year aescribed aspotential projects.These potential projects would

not come online until ggoximately 2017. Clearly, there are significant opportunities to improve
the rate of LFGTE generation in the Commonwealth.

The six WTE facilities irPennsylvanigenerated approximately 1,604,742 MWh of electricity

in 2011, directly offsetting consumptief other fuels for electricity generation. Electricity

generated using WTE facilities are assumed to have a GHG emission value of 1843 Ibs/MWh
Co-locating facilities that require process heat will generate GHG emission reductions. Each 1
mmBTU of fossilfuel generation from waste heat reduces GHG emissions by 0.0003 million
metric tons per year, and as average waste heat usage rate of 2 mmBTU per hour for 4000 hours
per year, combined industryide, would yield an additional annual GHG reduction of 2.4

million metric tons per yeaiThepotential GHG emission reductionsthis strategy coultbtal

justless tharB8.2 million metric tons per year.

Nuclear Capacity Uprates

Using data from the PJM planning quemaesand da
551 MW of additional potential capacityRte n n s y Inuckear power glants (Limerick,

Peach Bottom, Susquehanna, Three Mile Island), as compared to nameplate capacities in 2008.

The data also suggests that since the year 2000, the baseliffr@ryeahich GHG reductions

are being compared in the Pennsylvania action plan, a total of 1,000 MW may be online before

2020.

Typically, to increase the power output of a reactor, a more highly enriched uranium fuel is
added. This enables the reactor toquce more thermal energy and therefore more steam,

driving a turbine generator to produce electricity. To accomplish this, compdikerigpes,

valves, pumps, heat exchangers, electrical transformers and generators must be able to
accommodate the conidins that would exist at the higher power level. For example, a higher
power level usually involves higher steam and water flow through the systems used in converting
the thermal power into electric pow@ihese systems must be capable of accommodatng th

higher flows.

In some instances, facilities will modify and/or replace components to accommodate a higher
power level Depending on the desired increase in power level and original equipment design,
this can involve major and costly modifications to pent, such as the replacement of main
turbines. All of these factors must be analyzed by the facility as part of a request for a power
uprate, which is accomplished by amending the plant's operating license. The analyses must
demonstrate that the propdseew configuration remains safe and that measures continue to be

“Based on an analysis of 2011 Annual Reports on file at
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in place to protect the health and safety of the puB&fore a request for a power uprate is
approved, the Nuclear Regulatory Comnaesnust review these analyses.

Manure Digesters

Anaerobic digestiornis a biologichtreatment process that reduceanure odor, produces biogas
which can be converted to heat or electrical enexggl improves the storage and handling
characteristics of manuré€here are currently 26 manure digestersenridylvania anthree

more under construction, 14 of which have been funded in part through DEP and other
commonwealthsupported financing progranihese digesters are converting the effluent from
more than 14,000 dairy cows and 29,000 hogs into usdabil®mal energy and electricity. A goal

of installing 25 additional anaerobic digesters on dairy farms of 500 or more cows and 10
additional digesters at swine operators with more than 3,000 animals by 2020 will reduce GHG
by 0.1 MMtCQe and cost $1.5 millimthrough 2020.

Sulfur Hexafluoride (SF6) Emission Reductions from the Electric Power Industry

Sk is identified as the most potent R@O, GHG, with the ability to trap heat in the atmosphere

23,900 times more effectively than €@bout 80 percent of B gas produced is used by the

electric power industry in higloltage electrical equipment as an insulator orqarenching

mediumSKki s emi tted to the at mosphere dur,ing var:i
andleaksalsoincrease as equipmeages. The gas can also be accidentally released at the time

of equipment installation and during servicing. From 2000 to 2009 there has teaeasing

trend ofabout2.8 percentof Sk emissionsannually

According to the EPR, there areseverakategoies of GHG reductiomeasureincluding:

recycling equipment, leak detection and repair, equipment replacement and accelerated capital
turnover, and advanced leak detection technologjigs.most promising options for reducing

Sk emissions are recyclind 0 percenteduction) and leak detection and repair f2écent
reduction). By employing these two techniques, from 2013 through 2020 GHGs could be
reduced by 0.86 MMtCg and cost approximately $340,000 through the period.

4.2 Residential, Commercial and Industrial (RCI) Overview

In 2000, the total GHG emissions from the RCI sectors was 116.77 MMi©0about 40

percentf total statewide GHG emissions on a consumptive basis. These GHG emissions
declined to 100.27 MMtCg in 2010 (about 3Bercentof total GHG consumptive emissions),

most likely due to the economic downturn and reductions in manufacturing. GHG emissions are
expected to increase slightly through 2020 in these sectors to 108.57, but still remain less than
the 2000 emission rate.

% US EPA. Final Report on U.S. High Global Warming Potential (High GWP) Emissions2D490 Inventories,
Projections an®pportunities for Reductions. Chapter 3: Cost And Emission Reduction Analysis Of Sf6 Emissions
From Electric Power Transmission and Distribution Systems in the United States.
http://www.epa.gov/highgwp/pdfs/chap3_elec.pdf
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Thes emissions are associated primarily with energy use in homes amnesiential

buildings, including institutional buildings, but also include energy use for other services such as
street lighting, sewage and water treatment servideefore, thestat’ s f ut ur e GHG
will depend heavily on future trends in the consumption of electricity and other fuels in the
building sectors.

There are two categories of R€missions-direct and indirectin 2010, dout33 percentof
total statewide gross GBlemissions are direct emissions from thd B&&tor, which is the en
site combustion of natural gas, oil and coal. The electrisigyby the RCsector isconsidered
the indirect emission3.wo-thirds of all electricity consume@r about 5(percentof al
electricity producedin Pennsylvania is consumed by this secldiis electricityconsumption
accounts for abolit7 percenwof the total statewide gross GHG emissions.

Between 2000 and 2017, total energy consumgtam all sourcesn Pennsylvaniasi projected

to fall at an average rate of 0.3 percent annually. Industrial consumption is anticipated to fall
faster than other sectors (an average op@réentper year), while commercial consumption is
expected to experience the smallest average @ealier this period. Residential consumpti®n
projected to decline, on average, at rates consistent with the overall state rate. These trends
reflect a complex mix of shifting technologies (e.g., more energy efficient manufacturers),
consumer behavior aritle impacts of public policy in striving to reduce energy utilization (e.g.,
green constructiorf}’

While total energy consumption is declining over the peodsumption of electricity is
expected to grow at very modest rates from 20@0dugh2017.Growth is expected to average
0.6 percenainnuallyas indicated by Figur4-2 below.

Figure 4-2. Pennsylvania electricity consumption trends (gigawatt hours)
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Source: Pennsylvania Public Utility Commission, Electric Power Outlook for Pennsylvania

% Commonwealth EconomicE&nergyin Pennsylvania: Past, Present, and Fut(@613)
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The flat trend lines in sect@pecific electricity consumption over time are consistent with the
larger national picture. Residential and comméraites of growth have steadily declined for
decades witlthe switch to more energy efficient options of equipment and appliances. This trend
hasoffsetmuch of the growing demand arising from population growth andtemg increases

in disposable incomé&hifts in manufacturingpwards goods requiring legsiergy intensive
productionalsotends tdesserthat sector's demands.

Challenges and Opportunities for RCI Sector
Residential

Natural gas, the most commonly consumed fuel in the residential se@wrpected to

experience a modest decline in use from 2000 to 2017. Partmiojeeteddecline in natural

gas consumption is attributed to projections of gradually increasing temperatures with their
impact on demands for heating, a primary use ofrahgas in the residential sectdiMore
importantly, a combination of more efficient appliances and household equipment working in
conjunction with shrinking unit sizes will likely be associated with diminished residential natural
gas consumption. Eleatity use is expected to have a modest growth over that period, due in
part to greater presence of appliances and personal devices that use electricity. All other fuel
types are projected to have negative growth, particularly the use of coal.

A major oppotunity for Pennsylvania would be to expanatural gas distribution lings
unserved areas of Pennsylvafidau e t o Pennsyl vania’s | ong histo
in thenorthwestern part of the state, plipes are mor@revalent in that area than the rest of
PennsylvaniaWith the increase in deep shale drilling activity in $hethwestern and

northeastern parts of Pennsylvania, pipelines are being built in those areas to carry the fuel to
markets. Howeveryhile there is increasing activity pipeline constructiorthereis still a large

portion of Pennsylvania residents who do not have access to natural gas as a heating and cooking
sourcethrough local distribution lines

In addition to offsetting electric generation through expandedfusatural gas, energy
efficiency and conservation programs can also lower energy demand. Initiatives such as the
utility sponsored Low Income Usage Reduction Program, which invalyesthe largest

energy providers in Pennsylvania, have provided miliof dollars for weatherization and
energy efficiency improvements.

Commercial

Commercial consumption is dominated by electricity and natural gas, which are both expected to
register relatively slight growth over the 200017 period. All other fuel pes in the

commercial consumptiosector are expected to have negative growth in this pédetall the

sector is expected to reduce consumption at an average annual rate of 0.2 percent from 2000 to

Commonweal th Economics 2013. “Energy in Pennsylvania:
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2017 largely as a result of improved efficienciesguipment, lighting, and other facets of
commercial operations.

Industrial

Industrial energy consumption shows some variability from 2000 to 2017. Coal, the dominant
fuel type in 2000, showthe greatest reduction in consumptie2§ percent per yeawhile

natural gas and petroleum are expected to experience positive growth with natural gas showing
significant growth starting in 2009 with the advent of Marcellus Shale production and a
subsequergharp drop in natural gas prices. Electricity consumpgswirtually unchanged and
theconsumption of wood declines on averégen 2000 to 2017

Overview of RCI Work Plan Recommendations and Estimated Impacts

The following strategies were discussed withR& Subcommittee of thECAC. Table4-2
provides a summary of all of the GHG reductions, costs andeftesttiveness of all the work
plans for this sectoA negative cost number indicates and overall savings to the economy. All
individual work plans, including assumptions and calculations, are edlmdAppendix D.2.

Table 4-2. Summary Results for RCI Sector Work Plan Recommendations

Annual Results (2020) Cumulative Results (2013-2020) CCAC Voting

GHG Costs Cost- GHG Costs Cost- Results

Work Plan Reductions (Millio | Effectiveness | Reductions | (Millio | Effectivenes | (Yes/No/Abstain
Name (MMtCOgz¢) | n$) ($1CO.) | (MMICOm ) | n$) | s($CO) ed)

Building
Commissio 1.3 -57.68 -44.37 8.7 -298 -34.10 13-0-0
ning
DSM — 9.24 Costs and costffectiveness are discussed in the Demand Sid 12-1-1
Natural Gas ' Management of Btural Gas Work Plan
DSM— 0.1 -135 -1225 0.4 -576 -1,440 9-3-1
Water
High
Performanc 21.7 -362.9 -16.7 86.1 -2542 -29.5 13-1-0
e Buildings
Industrial
Electricity 4.0 -446 -111 9.5 $-989 -104 12-1-0
BMPs
EZ‘L'ght 10.3 -1486 144 71.1 8153 114.7 1301
EiROOf 0.8 1110 13875 2.4 2786 1108 9-4-0
Heating Oil
Conservatio 5.2 -22 -4.23 23.3 -142 -6.09 13-0-0
n and Fuel
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Switching

Improved
Efficiency
at
Wastewater
Treatment
Facilities

.0007 -0.503 -583 .006 -3.1 -3575 13-0-0

Increased
Recycling 2.19 -13.6 -5.63 11.43 -82.1 -6.5 13-0-0
Initiative

Building Commissioning

GHGscould be reduced by promoting the common practice of performing building commissions
and retrecommissioning processes on newly constructed and renovated buttgnysure

optimal performance of building systenCommissioning is tuning a building operate as it

was intended and requires testing, monitoring and adjusting the building systems to operate at
optimum efficiencylt is similar to having your car hedup.

This work plan sets a goal to commission or retsommission norcommonwealth new and
renovated commercial buildings greater than 2580f. within 8 years and, commission or
retrocommission commonwealth new and renovated buildings greate2®@00 sq.ft. within
5 years.

This could be done bgromotingthe common practice of performing commissioning processes
on newly constructed and/or renovated buildings for the purpose of ensuring optimal
performance of building systemBhe Energy Effient Building Hub at the Philadelphia Navy
Yard has been promoting this type of acti\btytesting new and innovative technologies and
practices Building project teams are currently familiar with American Society of Heating,
Refrigerating and AirCondtioning Engineers standards, which cite building commissioning as
good practice (Guideline-P005).It could also be accomplished bypandng existing training

for building operators to include energy management training. Buitgpegators, such as
maintnance technicians, lead custodians and plant engineers currently hafcerhidletraining

in building efficiency.

Demand-Side Management — Natural Gas

Substandard naturglas fired appliances that may be leaky or wasteful can contribute
significantlyto GHG emissions, prompting need for upgrades to make these appliances operate
more efficiently. This initiative analyzes the replacement of older, less efficient household
appliances that utilize natural gas with more enfigient models, while at thsame time,

looks for improvements in overall system efficiency for heating and hot water heating. This work
plan also recommends that tA&/C should evaluate potential demand side mechanisms to

reduce natural gas consumption.

Programs like thisvhichimprove pilot lights, improve space heating and cooling areas, and
provides alternatives like solar water heaters, have existeddi@ thar80 years in other states
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and have proven successful, showing that conservation of natural gas and savingsyamsenerg
can be increased through natural gas efficiency plarestechnologies needed to increase
efficiency are currently availabléncreasing efficiency can be achieved in Pennsylvania through
encouragement of natural gas utilities to engage in consenfneation initiatives dealing with

the efficient technologies and the PUC should evaluate mechanisms to reduce natural gas
consumption through demaistde management.

Demand-Side Management — Water

Landscaping, toilet flushing, showesinks and washinmachines are the most significant
contributors to building water load3hese water costs have measurable GHG implications (4
percent of all energy use) because of the processing energy costs and the pumping energy costs.
Faucets and washing machine®diave hot water loads, gas or electric, with GHG implications.

As a result, wateconserving alternatives benefit building owners both in water cost savings and
in domestic hot water heating cost savings. Conservation can be achieved through
commonwealtrefforts to promote rain capture for landscaping, dush toilets, lowflow

faucets and shower heads, and kefficiency washing machined his can be achieved by
point-of-sale education and EPA WaterSepsoduct performance standarelsmination of

code barriers and utilitgnanaged programs that combine certified installers with equitable utility
rate financing.

Geothermal Heating and Cooling

This strategy capitalizes on the enegfiectiveness of geothermal or ground source heat pumps
(GSHPs)ilPennsyl vania’s c¢climate, the ac@aampanyi ng
demand for peak generation and transmisgt@mnsylvania is already ranked as one of the top

tier states for experienced and competitive installation of GSHPs in its unttanscd his

strategy would build on that strength, expanding the network of trained drillers and installers
throughout the state. This strategy advocates GSHP installations for individual buildings and in
district systems. WarrenaR hosts one of the fedistrict GSHP systems in the United States,

and this strategy supports further development of such systems for their energy and

environmental benefits and for economic revitalization.

The goals of this initiative would include p@rcenwof new residenél dwellings and percent

of existing dwellings and 4Percentof new commercial buildings and 1Brcentof existing
commercial buildings installing GSHPs for heating and cooling through either an individual
building basis or serving multiple dwellingzough district systems.

This initiative was not voted on by the CCAC due to concerns over the cost analysis conducted
in the work plan. It will be revisited in future updates to the Climate Change Action Plan.
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High-Performance Buildings

Buildings ae a major source of demand for energy and materials that prodyceduct
greenhouse gasdswill require immediate and significant action in the building sector to slow
the growth rate of greenhouse gas emissions in Pennsylvania.

Recently, Architectte 2030 has issuelthe 2030 Challengasking the global architecture and
building community to adopt the following targets:

1 All new buildings, developments and major renovations shall be designed to meet a fossil
fuel, GHGemitting, energy consumption f@mance standard of 50 percent of the
regional (or country) average for that building type, as defined in The 2030 Challenge.
1 Ata minimum, an equal amount of existing building area shall be renovated annually to
meet a fossil fuel, GH&@mitting, energy ansumption performance standard of 50
percent of the regional (or country) average for that building type, as defined in The 2030
Challenge.
1 Architecture 2030 established the following fossil fuel reduction standard for all new
buildings and major renovatas:
0 60 percent of buildings in 2010
0 70 percent of buildings in 2015
o 80 percent of buildings in 2020

Industrial Natural Gas and Electricity Best Management Practices

This initiative considers the possible reductions in electricity consumption indhstrial sector

throughi ncr eased efficiency and increased coordin
Prevention and Energy Assistance, industrial resource centers at various universities and the

DOE.

The DOE throughtheir Industrial Technology Progm BMPs has determined that electricity

efficiency improvements can result in a 20 percent reduction in consumption from the projected
electricity use by the year 2031 are possiblas is consistent with the supply of industrial

electricity efficiency gportunities identified in the ACEEE (2009) report through the year 2025.
Industrial electricity consumption in Pennsylvania is expected to increase by about 0.4 percent

by 2020, according to data from the Emergy In
Outlook.

Re-Light Pennsylvania

This initiative is a critical building technology that accelerates replacement of less efficient
outdoor and indoor lighting systems, including maximizing use ofligating in indoor settings.

It applies to residerdl and commercial buildings, as well as parks, streetlights and parking
facilities. This initiative atively invess in Pennsylvaniananufacturing, sales, greeollar jobs

and greerbuilding infrastructure by relamping,-fixturing and upgrading lightingystems,

windows and control systems. This would also measurably improve the pastoral and remarkable
gualities of the state, the quality of light delivered, and the health and safety of residents.
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Re-Roof Pennsylvania

This initiative would mandate staadls of thermal resistance for all new roofing projects. The
goal of this initiative would be to replace 75 percent of commercial building roof areas with
more energefficient roofing at the time of regular replacement. Green roofs should be
promoted withincentives for benefits to cooling, carbon sequestration and storm water
management. Skylights for ddighting should be encouraged for roof replacements in buildings
lower than four storieshat havedeep sections that result in windowless spacescirpants.
Shading or insulation from renewable energy systems as secondary goals should be explored.
Alternatively, amenithg the Pennsylvania Uniform Construction Code so high reflectivity is
mandatory for all commercial buildings to minimize coolingdeshould also be considerdd
addition, adopng thelatest version of International Construction Code so thermal resistance
standards (R/U factors) minimize both cooling and heating Istaoisld also be considered

Heating Oil Conservation and Fuel Switching

This initiative aims to replace or upgrade inefficient household appliasaegfuel oil with

more energefficient models. One goal of this initiative would be a 37 percent reduction from
reference case oil consumption in 2020 for the resmlesgctor Another goal would be a 26
percent reduction from reference case oil consumption in 2020.

Fuel switching to natural gas can also yield significant reductio8$iG emissionsandhas
increased dramatically with the significant decrease inralagias prices and is expected to
continue. This initiative would also encourage air sealing and insulation, increased furnace and
boiler efficiency, solar domestic hot water heaters and instantaneous hot water heaters.

Improved Efficiency at Wastewater Treatment Facilities

This initiative would improve efficiency at wastewater treatment facilities through outreach

programs based on sustainable infrastructure principieassisting 5@ercentor more

treatment plars per year to improve efficiencthis outreach initiative would reduce GHGs

through reduction of energy consumptiéna ci | i ti es woul d be encourag
Energy Management Handbook for Wastewater and Water Ut#itidsavailable baseline

assessment software as part of the oakr@aogram.

Increased Recycling Initiative

This initiative supports the increased recycling of MSW sufficient to achieve an additional,
cumulative reduction (i.e. 2013 through 20205HG emissions of 5.0 MitCO,e by improving
the efficiency of existingrograms and maximizing collections within mandated communities
including expansion of singlgtream recycling, focusing on increasing collection of those
materials with the greatest GHG emission reductions per ton recycled and consideration of
expandingnandatory recycling requirements to currently-noandated communities.
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Since 2005, a significant increase in recycling in the commonwealth has come from the growth
of singlestream recycling. Singlstream recycling, providing convenience, cost effeoiss

and immediate increases in the amount of recycled materials, accounteutédi3 percentof
recycled residential materials in 2009, up from onpeécentin 2005. Pennsylvania now hosts

six privatelyowned and funded, singktream recycling factiies, and at least two more are
scheduled to come online in the near future. When sstgéam recycling service is provided to

a curbside collection community, the amount of material recycled increases s percent

The singlebiggest boon to recling rates is making curbside, singlgeam recycling widely

available As published oD E P website, while at least 94 percent of the Stap®pulation has

access to recycling, only 79 percent have convenient access to recycling througildeurb

pickup programs (although not discussed on the website, a significant portion of that 79 percent

does not have access to singleeam recycling). Thetyof Phi | adel phi a’ s rece
increase its recycling rate was very successful; with sistgg@am recycling at the core of the

initiative, the recycling rate quadrupled.

4.3 Land Use and Transportation Overview

The Land use and Transportation (LUT) Sector includes-lagiat heavyduty (onroad)

vehicles, acraft, rail engines and marine engingkich causé&GHG emissions when they burn

gasoline or diesel fuel. In 2000, the LUT sector was the third largest soust¢GEmissions in
Pennsylvaniavith 69.49 MntCO.e, or about 24ercenton a consumptive basis, with-ooad

gasoline as the largestrdabutor to these emissions, followed behindroad diesel In 2010,

LUT emissions share of GHGs increased slightly tp@seno f t he st ate’ s tot al

The states future GHG emissions will depend significantly on future trends in thengiiosu

of gasoline and diesel fuel by onroad sourcEse contribution of other sources to total LUT
emissions include aviation (Jercen), marine (4perceny and rail and other nonroad sources (5
percen). By 2020, GHGs from the transportation sedsoexpected to decrease to 65.04
MmtCOse, or 23percentof statewide GHGs on a consumptive basis.

Land Use

Brownfields redevelopment can be considered a sustainable practice because existing

infrastructure is often rased. Buildings, water and seweewvices are already in place, so the

need for new manufactured materials is reduced. The use of brownfields for housing and new
industrial or commerci al uses decreases “gree
vegetation and trees. Greenheusgases are reduced when “greenf|
Communities that promote the growth of public transportation and alternative walking/biking

modes of travel would see a reduction in greenhouse gases due to less vehicle traffic and reduced
emissions.

P e n n s y lawaadwinneng lsand Recycling Program aims to reduce land consumption and

encourages the transformationadiandoned, idle properties into economic opportunitssce
the progr am’ s 5j800sitedpaveieatared into thelLamEBycling Program and
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$590 millionin grants have been awarded to facilitate cleanups through DCED, DEP, and
PENNVEST programslhe Pennsylvania Land Recycling Prograas becoma national

model Roughly 100,000 jobs have been created or retained beafilgebusiness opportunities

that have been recognized and realized in Pennsylvaniaa bandoned., i dle prop

Transportation

Policy is an important factor in trends in transportation energy consumytdbicle fuel
economy improvementreschedugd for the period up to 202&8s mandated by the federal

CAFE standardsFr om 2000 to 2017, Pennsylvania’ s tota

transportation is expected to decrease at a rate of 0.3 percent peXgeaal gas consumption

is expected to havthe highest average growth rate (1.2 percent). The fastest growing
transportation fuel is expected to be electricity, in part due to the increase in electric yehicles
such as the Nissan Leaf and the Chevy 3 dfilectricity, however, is minisculeportion of the
overall fuel mix for transportation, amounting to roughly 0.3 percent of all transportation energy
values in 2017 See Figurel.4.

Act 124 of 2008 enacted restrictions on diesel idling in PennsylMander this this law, diesel
vehicles witha gross weight of 10,001 pounds or more that are engaged in commerce may not
idle their engines for more than five minutes in anyn@fute period unless a specific exception
applies Exceptions include motor homes, farm equipment and certain caseshehbheor

safety is an issudheact also requires owners of parking lots withor more spaces for

qualifying vehicles to post and maintain a sign informing drivers of theBswecreasing the
amount of idlgime, GHGs from diesel emissions have bestuced.

Since 2009, Pennsylvania has been making significant strides with respect to alternative fuel
usage in the transportation seciinere are two notable programs for alternative fueled vehicles
in Pennsylvania: AFIG and the Act 13 of 2012 Nat@ak Vehicles Program.

Pennsyl vani a’ s A F éordganiZatiores,ghopaofit agencieso for profit o r
companies, commonwealth or municipal authorities and local transportation organizations to
apply for grant funding for alternative fueled vehgl&his program allows eligible applicants to
propose projects which will convert or purchase natural gas vehicles weighing less than 14,000
pounds, as well as convert or purchase electric, propane, or other alternative fuel vehicles of any
size. The progrm also provides grants for innovation in alternative fuel transportation, including
norntroad vehicles, such as natural gasvered trains or marine vessels.

Most recentlythe AFIG Program awarded 33 different projabit are expected to result in the
deployment of 351 naturglasfueled vehicles and 337 propane fueled vehicles. The vehicles
deployed in this grant round will support 15 new and 30 existing fueling stafib@AFIG
program has also deployed a very successful rebate program, providimgylRania consumers
with 376 rebates for pluop hybrid electric vehicles (PHEVS), 87 rebates for PHEV with smaller
battery capacities, naturghsfueled vehicles, or propasfaeled vehicles.

% Commonwealth EconomicsEner gy in Pennsyl vani @013)Past, Present, an
% Commonwealth Economic$Energy h Pennsylvania: Past, Present, and Fut{913)
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Act 13 of 2012 provided $20 million ovérreeyears, out ofmpact fees paid by natural gas
operators, for the purchase or retrofits of large fleet vehicles 14,000 pounds or less to operate on
Compressed Natural Gas (CNG) or Liquefied Natural Gas (LNG). In the first year of the grant,
329vehicles were converted @NG or LNG, which supported the constructioriléinew

natural gas fueling facilitie®©f these new facilities, four have full public availability) have

limited public availability, and two are private facilitiéhe first year of this three year pram

will account for 3.54 million gallons of gasoline displaced each year.

Figure 4-3. Pennsylvania transportation sector consumption by fuel type (trillions of
BTUs) (2000 — 2017)
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Source: Energy Information Administration

Challenges and Opportunities for Land Use and Transportation

Pennsylvania has huge opportunities to reduce transportation emissions and @ Gssf
sector. With the influx of natural gas supply in Pennsylvania, atmst, cleaner burning fuel is
easily accessible with the proper infrastructure.

Similar to the Energy Production, Transmission and Distribution sector, the challenge of using
natural gas as a transportation fuel is reducingréghane leakagel natural gasan displace

some gasoline and diesel emissions, GHGs from this sector could be rekhmiber challenge

of using natural gas is consumer accessibility to refuelingsifuctureThere are currently 46
natural gas refueling stations in Pennsylvania, but only 22 are publicly acceBsdrke are also
technologies being developed that would allow consumers to refuel their natural gas vehicles in
their own home, if thehpave access to CNG. However, as previously mentioned, many
Pennsylvania residents do not have access to natural gas distribution lines.
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Hybrid dectric vehiclefHEV) alsopresent ampportunity for Pennsylvanj@specially transit

fleets that traditionly runon dieselSever al of Pennsyl vania*s tran
hybrid busesStudies indicate the HEV busses experience a 37 percent improvement in fuel

economy compared to a standard diesel bus. In addatiDOE study has demonstratedttha

NOx emissions from diesélybrid busses were 36 40 percent lower than conventional diesel

units. Diesehybrid busses also exhibited the lowest carbon monoxide emissions of any bus

tested including CNG powered units.

Statewide landise and trangpr t at i on pol i cies that follow mor
principles that generate fewer private auto trips, promote the use of transit amotooized
modesandprotect open spaces could minimize the generation of associated @&rfast

growth seks to create more compact communities throughout the fgataring walkable

communities of concentrated development and a mixture of land uses that generate less vehicle
traffic while being more supportive of auto tripduction measures, such as tramsn

motorized modes and TDM programs, such as car sharing, carpoolin§neact growth also

sites commercial and industrial facilities and growth with ready access to an efficient,

multimodal freight transportation system.

Investing in growth recogres that public transportation is first and foremost a public service,
and that the sustainability of transit systems and services is dependent on demonstrating sound
management practices and prudent use of public funding to attract and retain riders.

Ast he st at e’ s -oeedspapulationsintreéases gficient and effective personal
mobility are increasingly necessary in the present and emerging economies. When high
occupancy modes are provided efficiently and used effectively, they deGe&seand other

harmful emissiond.and development plans and implementations that provide sufficient density
and connectivity for the institution of efficient and effective transit services are integral to system
and ridership growth.

Local or intracity transit ridership growth potential is most likely in the larger urbanized areas
with the highest population densitid$ese areas can provide the most efficient,-etisttive
high-quality transit services that attract riders, including figeieway mdes, such as bus

rapid transit (BRT), priority corridors, rail, etc. Transit services in the Philadelphia and
Pittsburgh areas, for example, currently compmisee thar0 percent of totaPennsylvania
transit ridershipSimilarly, key intercity marketsxést and may continue to emerge, as travelers
continue to seelower cost higher quality, and more dependable travel mofélesexample is

the Keystone Corridor (commuter rail between Harrisburg and Philadelpbia)ay include
other intercity pairs inaghuately or not served by rail or air modes.

l nvest ment i s necessary to better serve the s
to populations in future residential areas, employment areas and other activity centers. This
investment, madwisely, will significantly increase transit ridership and the proportion of total

trips served by transiat a minimunreducing the projected growth of vehicldated GHG

emissions, reducing highway vehiglelated GHG emissions from current projecticersd

workingto reduce vehicleelated carboemissions

51



All transportation investments must be appropriate to the existohglanned environment to
ensuradmplementation obmarttransportatiorapproacheslhere are other more cesffective
approache that can be implemented, such as

1 Workplace Incentives for Public Transit US@® encourage public transit use by
employees at workplaces with access to public transit systems, the state and local

governments could work with businesses to provide ineenfor their employees to use
public transit for their work commute. Such programs should also include state workers,
and incentives could include free/discounted bus or train tickets, transit ticket purchase

with pretax dollars or vouchers for discasrat businesses in the area.
1 Workplace Incentives for Carpoolin§tate and local governments could work with

businesses to provide incentives for their employees to carpool for their work commute.

Such incentives could include free/discounted parkingciag up riders or vouchers

for discounts at businesses in the area.

1 Telecommuting in the Private Sect8y working from home, workers can avoid vehicle
trips and their resulting GHG emissions. Actions to encourage more telecommuting in the
private sectoinclude business tax incentives for employers to provide telecommuting as
an option to their employees (could include local wage tax adjustments), and funding for
regional telecommuting centers (which provide an offilce environment for workers in

ag ven

ar ea

cl oser

t o

employeesisingthe telecommuting option.

home

and

away from

1 Telecommuting in the Public Sectdio help set the example and establish some of the
regional telecommuting centers, the state should offer telecommuting as an option for
employees wherevappropriate, and set clear targets and timelines for the number of

Overview of Land Use and Transportation Work Plan Recommendations and
Estimated Impacts

The following strategies were discussed with the LanddoseTransportation Subcommittee of

the CCAC. Table 33 provides a summary of all of the GHG reductions, costs and cost

effectiveness of all the work plans for this sector. A negative cost number indicates and overall

savings to the economy. All individuadork plans, including assumptions and calculatians,
included in Appendix D.3.

Table 4-3. Summary Results for Land Use and Transportation Sector Work Plan
Recommendations

Annual Results (2020) Cumulative Results (2013-2020)
GHG Cost- CCAC Voting
Work Plan | Reduction Costs Effectivene GHG Costs Cost- Results
Name s (Million ss Reductions | (Million | Effectivenes | (Yes/No/Abstai
(WY I\/(I;;COZ $) ($/1CO20) (MMtCO2e) $) s ($/tCO2e) ned)
Alternative
Fueled 020 0.12 590.5 4,921 8-5-0
Public
Transit Bus

52

t

h



Fleet (HEV)

Alternative
Fueled
Public
Transit Bus
?l’—'oleet (CNG)

.003 131.8 39847.5 0.01 525.3 52,532

Alternative
Fueled Taxi .014 -33 --2373 .067 -42 -634
Cabs (HEV) 11-2-0

Alternative
Fueled Taxi .007 -.29 -4392 .0.37 -25.8 -619
Cabs (CNG)

Cutting
Emission
from Freight
Transportati
on

Costs and GHG reductions are considered under different scenarios

in the Cutting Emissions from Freight Transportation Work Plan 10-1-2

Alternative-Fueled Public Transit Fleets

This initiative would transition 2percenof Pem syl vani a’ s exi sting trans

fuels/hybrid technology by the year 2020 through facilitation of replacement and/or conversion
of theexistingbus fleet to cleaner burning CNG and/or more-gfétient HEV technology for
diesethybrid bises.

This could be achieved by encouraging transit authoritiasdalternative fuelehicles and
alternative fuetechnology buse®specially HEV diesel busgshen replacing transit buses that

are scheduled for normal replacement; keeping trangibaties updated on available financial
state and federal alternative fuel vehieleentives; offering special state grant solicitations for
transit authorities to instadllternative fuelnfrastructure; and offering special state grant
solicitations toassist transit authorities with the incremental cost associated with the purchase of
HEV diesel and dedicated CNG buses.

Alternative-Fueled Taxi Cabs

This initiative would transition 2percenb f Pennsyl vani a’'s exi sting
or acombination of the two by 202Mata compiled fronthe Pennsylvania Department of
Transportationndicates that there were 3,150 taxi cabs in service in the Pennsylvania in 2010.
Hybrid automobiles and CNG automobiles are capable of reducin@@dsiors by as much as

25 percentwhen compared to conventional gasoline powered automoll&OE, National
RenewableEnergyLaboratoryTaxicab study comparison of 10 conventional gasoline powered
Ford Crown Victoria taxis and 10 CNG powered Ford Crown Viattakis demonstrated that

CNG exhaust emissiomse significantly lower than their gasoline counterp3ttn addition,

the testing demonstrated that although both the gasoline and CNG vehicle emissions fell within

% This analysisissumes that there is a less than 1 percent leakage rate in natural gas systems.
*NREL, 1999: Barwood Cab Fleet Study Summary, May, 1999.
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t he EPA’ s app the @Nas\ehiotes ad sagnifetamntty tbwer levels of rarethane
hydrocarbon, carbon monoxide and oxides of nitrogen.

The data in the analysis of this work plan supports that there could be significant reductions in
GHG emissions realized with the adoption of ait@G8IG taxis or HEV taxis to replace existing
gasolinepowered units.Cost effectiveness of the fuel mode selected along with availability of
the technologies at the present will dictate the early choice for pioneer taxi fleets. Looking
toward the future Wwen CNG and HEV/EV OEM vehicle and public and private fueling
infrastructure are more readily availafixi fleets will be able to select from multiple

alternative fuel modes to fit their individual needs and goals.

This initiative could be achieved lencouraging taxi fleet owners ssingalternative fuel
vehicles andalternative fuetechnology when replacing taxis that are scheduled for normal
replacement; keeping taxi fleet owners updated on available state and &étdenative fuel
incentives; poviding special state grants to assist taxi companies with the incremental cost
associated with the purchase of dedicatiéelnative fuelehicles.

Cutting Emissions from Freight Transportation

This initiative presents an array of specific measurdsctirabe adopted to decrease GHG
emissions from the state's freight transportation sector, which is forecast for continued growth.
Primarily, these measures aim to improve the efficiency of vehicle trips, reduce large diesel
engine idling and emissions,ashift freight from trucks to other modes.

Possible modes of improving trucking efficiency are to expand &RArtWay Truck Transport

and provide more productive truck combinations. Modes to expanding rail freight and improving
efficiencyincludepromotng low-emission locomotives, electric cranes, and battery power
locomotives reducing locomotive engine idling; and expanding or upgrading existing rail
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4.4 Agriculture and Forestry Overview

Agricultural sector GHG emissions include pemergy methan@CH,) emissions from livestock

(i.e. enteric (intestinal) fermentatioffiand CH and nitrous oxide (M) emissions from the

storage and treatment of livestock manure (e.g.; compost piles or anaerobic treatment fagoons),

N,O emissions and net fluxes of €&ssociated with the management of agriculture $biad

CH, and NO emissions associated with agriculture residue burriRedative to all other

sector s, Pennsylvania’ s agriculture sector co
to total satewide emissionsln 2000,agriculturesector emissions accounted for 8.38 MMtE€.O

Through 2020, agriculture GHG emissions are expected to decrease to 6.29 §MtCO

accounting for less thang&rcentotal emissions

Pennsyl vani a’ sesporsiblefsr sequestesing mmbderate amsunts of catbon.

2000, the sequestration ennsylvanidrom land use and forestry was about\2WtCO.e,

which is about 7.percenb f t he state’s gross GHG emi ssions
sectors.The forestry sector is expectedinarease aa net carbon sink through 2020,

sequester 34 MMtC£, which would be about 1J2ercenb f t he st ate’ s expecte
emissions from a consumptive basis of all sectors

Challenges and Opportunities for Agriculture and Forestry
Agriculture
Opportunities for GHG mitigation in the agricultural sector include measures that can reduce

emissions within this sector and measures that can reduce emissions in otherdéttiorshe
agricultural sector, changeén crop cultivation can reduce GHG emissions by building soll

32 Methane emissions from enteric fermentationtheeresult of normal digestive processes in ruminant and non
ruminant livestock. Microbes in the animal digestive system breakdown food and epais @Hbyproduct. More

CH4 is produced in ruminant livestock because of digestive activity in the largstéonach.

33 Methane and PD emissions from the storage and treatment of livestock manure (e.g., in compost piles or
anaerobic treatment lagoons) occur as a result of manure decomposition. The environmental conditions of
decomposition drive the relative mitude of emissions. In general, the more anaerobic the conditions are, the more
CH4 is produced because decomposition is aided hyp@dlucing bacteria that thrive in oxygémited aerobic
conditions. Under aerobic conditions;Nemissions are domingfEmissions estimates from manure management
are based on manure that is stored and treated on livestock operations. Emissions from manure that is applied to
agricultural soils as an amendment or deposited directly to pasture and grazing land by gratsgeae

accounted for in the agricultural soils emissions.

3 The management of agricultural soils can resulti® Emissions and net fluxes of €€ausing emissions or

sinks. In general, soil amendments that add nitrogen to soils can also res@itemigsions. Nitrogen additions

drive underlying soil nitrifications and ehtrification cycles, which produce® as a byproduct. Agricultural soils
emissions also account for decomposition of crop residues, synthetic and organic fertilizer applicatios,
application, sewage sludge, nitrogen fixation, and histosols (high organic soils, such as wetlands or peatlands)
cultivation. Both direct and indirect emissions gfNoccur from the application of manure, fertilizer, and sewage
sludge to agricultul soils. Direct emissions occur at the site of application and indirect emissions occur with
nitrogen leaches to groundwater or in surface runoff and is transportsitedfefore entering the
nitrification/denitrification cycle.
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carbon or through more efficient nutrient applicatidnsaddition to the potential cost savings

and GHG benefit from the work plan recommendations, the implementation of these measures
may ®rve to enhance the viability of farming in Pennsylvania by improving the quality of the
soil.

The biggest challenge facing the implementation of the initiatives in the agricultural sector is
breaking any economic barriers that may exist that would préaemers in Pennsylvania from
undertaking these measures.

Forestry

Pennsylvania has the opportunity to increase carbon sequestration in the forestry sector by
protecting forest land, promoting management practices that will increase carbon sequestration
planting new forests andgsimgwood for durable products and energgtablishing new forests
(afforestatior) and enhanced stocking in existing forests can lead to higher levels of carbon
sequestrati on Additiohatlyeslowihgdandeohversidn will provides .
opportunities for additional carbon sequestratiactions taken within the forestry sector can

also lead to GHG reductions in other sectors (e.g., urban forestry projects can reduce energy
consumption by providing shade and windtpotion to buildings).

The biggest challenge withthe forestry sector is balancing the implementation of forest
protection and promotion strategies with development and economic growtrsiatidt is
important that Pennsylvania provide adequartel Ispace for development to encourage
economic growth, which makes Pennsyl vani a

S

a

helping to reduce GHGs and increase carbon sequestRtoem n syl vani a’' s Br ownf

reduces the need for the develomtnef open space.

CO, capture and sequestration (CCS) could play an important role in redbldi@gmissions,

while enabling lowcarbon electricity generation froppwer plats, including coal and natural
gasfired power plants, as well as other stationary, ERitters like ethanol processing plants.

Two potential sources of sequestration in Pennsylvania are geologic sequestration and forest
managemeniThe former is whel€O, emissions from stationary sources are captured,

transported and stored in underground geologic formations, while the latter deals with restocking
understocked forests and/or increasing the acreage under certified management.

The concerns of geologsequestration are the transportation of, @@ough pipelines, injection

and longterm storage, and liability of leakage. The leakage liability stems from the question of
who will be liable for the possible loss of @é&nd subsequent contamination, resigltin harm

to human health, the environment or property. Specifically, if the private sector took financial
responsibility of the storage formation, then the liability and unforeseen costs would be likely to
deter industry from C@storage. To address andtigate these concerns, tbteammonwealth

could develop protocols for siting and operating geologic sequestration projects and/or develop a
pilot project(s) to demonstrate sequestration in different geologic regions of Pennsylvania. These
options could preide opportunity for expansion of regulatory framework and valuable technical
information for future projectdut legislatiorto address the longgrm liability issuess

necessary
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As for forest management, atmospheric carbon is reduced throughtatioreplanting and
regeneration of vegetation statewide and a number of other forest management strategies like
enhancing forest growth and decreasing biomass loss. Implementation attempts to increase CCS
in vegetation and soils and increase the amoliaina used for CCS. Forest management

practices have been implemented and tested to show which options and combinations of
techniques produce the best resultsmeed onlyto be executed in Pennsylvania on a larger

scale.

Overview of Agriculture and Forestry Work Plan Recommendations and Estimated
Impacts

The following strategies were discussed with the Agriculture and Forestry Subcommittee of the
CCAC. Table4-4 provides a summary of all of the GHG reductions, costs anebffestiveness

of all the wak plans for this sector. A negative cost number indicates and overall savings to the
economy. All individual work plans, including assumptions and calculations, are included in
Appendix D.4.

Table 4-4. Summary Results for Agriculture and Forestry Sector Work Plan
Recommendations

Annual Results (2020) Cumulative Results (2012-2020) CCAC Voting
GHG Costs Cost- GHG Costs Cost- Results
Reducti | (Millio | Effectivene | Reductions | (Millio | Effectivene | (Yes/No/Abstaine
ons n$) ss (MMtCO% | N $) ss d)

Name O2e) 2€) 2€)

Afforestation Costs and GH@eductions are consideredder different scenarios 10:0-0

in the Afforestation Work Plan

Durable Wood Costs and GH@®@eductions are considered under different scenarios 2.11-0

Products In the Durable WoodProducts Work Plan

Forest

Protection 0294 | 1.22 4.17 2231 | 1172 | $5.5 9-4-0

Initiative —

Easement

Forest

i\r/%?dcélém and Costs and GHG r_eductions_ are consider_ed under Qi_fferent scenarig 8-5-0

. In theForest Protection andlvoided Conversion AcquisitionWork Plan

Conversion

Acquisition

Urban Forestry Costs and GHG reductions are considered under different scenaria 10:0-0

in the Urban Forestry Work Plan
No-Til 030 | -22.83 | -76.39 13 | -1124| -8597 1000
Farming

Afforestation

Afforedation increases the amount of carbon in biomass and soils comparegbxisfire
conditions. Planting and afforestation can take place on land not currently experiencing other
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uses, such as abandoned mine lands (AMLS), oil and gas well sites, maggicatural land
and riparian areasThe success of an initiative like this to redBHGs depends on the total
acreage available for policy implementation.

With 250,000 acres of AMLs statewide, these sites provide a potential opportunity for carbon
sgjuestration.Restoring AMLSs, however, can be challenging and very costly due to the need for
site preparation because of uneven terrain and the legacy of their pricWitlsehe advent of

drilling in the MarcellusShale the number of well pads and Wgedrilled per year has

significantly increased. In the calculations an average well pad size @icress used It is

also assumed there will ieur wells per pad and an average (26@011) of 977 wells drilled

per year for a total available acgesof 1,221.

This initiative would combine projected acreage from the Tree Vitalize and CREP forest riparian
establishment programgt could build on successes of highly successful programs such as Tree
Vitalizel to target that establishment of 1,00@atyear in riparian areas for years 2013 and

2014. It also targets the annual establishment of 3,500 acres from 2013 througA2024.

carbon sequestration is based on cumulative acreage planted under this scenario.

Durable Wood Products

This optionseeks to enhance the use and lifetime of durable wood produatsble products

made from wood prolong the length of time forest carbon is stored and not emitted to the
atmosphereWood products disposed of in landfills may store carbon for long seunder
conditions that minimize decomposition, especially when methane gas is captured from landfills
(carbon originally stored in wood products becomes methane during decomposition).
Substituting building products made from wood for building productdenfi]mm materials with
higher embodied energy can reduce-tifele GHG emissionsThis can be achieved through
improvements in production efficiency, product substitution, expanded product lifetimes and
other practiceslncreasing the efficiency of threanufacturing life cycle for wood products will
enhance GHG benefits.

Forest Protection Initiative — Easements

This initiative would increase the carbon sequestration benefits of Pennsylvania's forestland by
preserving the existing forest base and cosmsgradditional forestlandThe goal of this

initiative would be to protect 2,000 acres of forestland each year from 2013 through 2020 and

would augment the carbeseque t er i ng benefits of Pennsylvani a
partners in acquiring @m space, such as parks, greenways, river and stream corridors, trails and
natural areas; and acquisition of voluntary conservation easements with private landowners.

Forest Protection Initiatives — Acquisition
Thisinitiative considers three scenariagned at reducing the permanent loss of forest acreage

through direct acquisitionThe GHG benefits include avoided carbon emissions that might have
otherwise taken place on converted acreage, as well as carbon storage on cumulative protected
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acreage.This initiative would protect private forestland conversion and reduce the likelihood of
forestland conversion to developed use through direct acquisition.

By developing a set of criteria for evaluating proposed projects involving the protection of
existing forestland to identify potentially significant carbon sequestration opportunities at low
marginal costs and with associated environmentdlesefits, GHGsmaybe reduced

Reforestation

This initiative focuses on enhancing carbon storage in existiegtithat have been poorly
managed.Reforestation efforts aimed atsécking/planting and restoration practices (soil
preparation, erosion control, etc.) can increase carbon stocks above baseline levels and ensure
conditions that support forest growgarticularly after intense disturbances.

This work plan was not voted on by the CCAC, although the concept is broadly supported. It will
be revisited in future updates to the Climate Change Action Plan.

Urban Forestry

This option would increase camb storedn urban forests, and therebgduce residential,
commercial and institutional energy use for heating and cooldagbon stocks in trees and soils
in urban land usessuch as in parks, along roadways and in residential setticeys be
enhancedn a number of ways, including planting additional trees, reducing the mortality and
increasing the growth of existing trees, and avoiding tree rem&oaést canopy cover,

properly designed, can also reduce energy demand by reducing building heatoglargl
needs.

No-Till Farming

During farming, conventiondill is when 100percentof the surface is mixed or inverted by

pl owi ng, power t i | INo-tilgfarmirgdescrines whenpalcrep idplarstddi n g .
directly into a seedbed that hasen not tilled since the harvest of a previous crop, or the

planting of a crop into sod, previous crop stubble, or a cover where only the intermediate seed
zone is disturbed.

No-till cropping systems sequester soil carbon that would otherwise be tetedbe
atmosphere through conventional cultivation practidés:till farming also reduces the amount
of nitrogenbased fertilizer being applied therefore, providing reductions@ &missions.No-
till also results in reduced time spent preparingdfigids such that diesel fuel consumption is
reduced and therefore, provides a third source of greenhouse gas reductions.

Over the last several years -tibpractices have been increasing in Pennsylvania agricultare.
2007, netill was practiced on 5@ percentof the major crop acreage and conventional tillage

was used on 292ercentof the major crop acreage in Pennsylvartdher conservation tillage
practices were used on the remaining Zi&rcent In 2012,USDA reports that ndill was

practieed on 59.&ercentof the major crop acreage, and other conservation tillage practices were
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used on the remaining 228rcenin Pennsylvania With more crop growers realizing potential
advantages to ntll and other conservation tillage practices intthg reduced labor costs and
increased water filtration, it is anticipated thattiligpractices will continue to increase through

2020.
Pennsylvania: Tillage Practices by Crop, 2007

Crop Total Acres No-Till * Other Conservation Conventional Till
Planted Acres % OfATOta| Acres % OfATOta| Acres % OfATOta|
Corn 1,450,000 720,000 49.7 310,000 21.4 420,000 29.0
Soybeans 440,000 280,000 63.6 70,000 15.9 90,000 20.5
Barley 60,000 24,000 40.0 19,000 31.7 17,000 28.3
Winter Wheaf 170,M0 75,000 44.1 40,000 235 55,000 32.4
Oats 120,000 30,000 25.0 18,000 15.0 72,000 60.0
Total 3 2,240,000 1,129,000 50.4 457,000 20.4 654,000 29.2
SeAeIELEZ‘é‘S i - 214 - 21.4 - 57.1

1'Sum of netill, other conservatin tillage and conventional till percents of total may not add to 100 percent
rounding. > Wheat seeded the previous fall for all intended purposes including grain, cover, silage, hay or 2
utilization. 3 Total excludes Alfalfa Seedingé New alfalfa seeded or to be seeded during 20ARalfa seeded acre

will be available in January 2013.

Pennsylvania: Tillage Practices by Crop, 2013

Crop Total Acres No-Till * Other Conservation Conventional Till
Planted Acres % of Tatal Acres % of Total Acres % of Total
Corn 1,500,000 900,000 60.0 325,000 217 275,000 183
Soybeans 560,000 410,000 732 110,000 19.6 40,000 7.1
Barley 75,000 50,000 66.7 17,000 22.7 8,000 10.7
Winter Wheaf 190,000 | 125,000 65.8 40,000 21.1 25,000 132
Oats 105,000 30,000 28.6 32,000 30.5 43,000 41.0
Total ® 2,430,000 | 1,515,000 62.3 524,000 21.6 391,000 16.1
Alfalfa - - 45.0 - 23.0 - 32.0

Seeding®®

1 Sum of netill, other conservation tillage and comt®nal till percents of total may not add to 100 percent dt
rounding. > Wheat seeded the previous fall for all intended purposes including grain, cover, silage, hay or 2
utilization. *Total excludes Alfalfa SeedingéNew alfalfa seededrdo be seeded during 20Tlfalfa seeded acre

will be available in January 2013.
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Chapter 5. Macroeconomic Assessment of Action Plan

This analysis presents 3simulations of the macreconomic impact of greenhouse gas (GHG)
reduction strategies Pennsylvania. There are immediate positive economic impacts from the
group of work plans (climate mitigation policy actions) as a whole, creating more than 21,000

net jobs by 2015, and more than 18,000 net jobs on average over the analysig pennubt

notable outcomes of the analysis are that the net costs of individual work plans do not necessarily
result in negative macroeconomic consequences; in contrast, quite often they stimulate the
economy and growth in jobs, income and or gross state pr(@Ser).

The differences in the economic impacts of those strategies are remaviaidemost

strategies have relatively small impacts, two work plans sway results from the entire group from
positive to negative. Analysis of the entire group withouséhgvo work plans yield strongly

positive impacts to GSP, $3.97 billion over the forecast period, and four times as many net jobs
by 2020. The choice of which work plans to pursue is an important question for policy makers
given their impact on a variety performance measures, including emissions reductions and
economic and energy benefits, with particularly important implications for the economy.

This chapter discusses the impact of the 31
analyzing eac work plan separately, and further by analyzing the totality of the impact of the
work plans when implemented simultaneously (in aggregate) to reflect the benefit of interaction
between the various cost elements of the work plans. This is particuladytampwhere supply

and demand actions are implemented at the same time, for instance. In certain cases, especially
the forestry work plans, specific assumptions outlined in the work plans limit the positive
macroeconomic benefits of the work plans buldymositive employment impacts even when
impacts to GSP are negative. Further modifications in the policy design of specific work plans
and their approach to analysis (including key assumptions) could significantly improve
performance in some cases.

All of the cost estimates of the quantified work plans iratiien plan are local economic

impacts. It was beyond the scope ofsheb ¢ 0 m mianalyse & £Valuate broader regional and
national macroeconomic impacihe work plans do, however, includestaffects of decreased

or increased spending on carbon mitigation or sequestration and the interaction of demand and
supply in various markets that can be further evaluated for macroeconomic impacts.

For example, reduction in consumer demand for elégtrieduces the demand for generation by

all sources, including both fossil energy and renewables. It therefore reduces the demand for fuel
inputs such as coal and natural gdereover, the investment in new equipment may partially or
totally offset expeditures on ordinary plant operations and equipment depending in part on
whether investment is attracted from outsidesthte At the same time, businesses and

households whose electricity bills have decreased have more money to spend on other goods and

* Chapter 5 was prepatéy the Center for Climate Strategies using draft work plans. The data contained in the
final work plans voted on by the Climate Change Advisory Committee may vary from the earlier draft work plans
which may impact the final macroeconomic assessmentusions.
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services.If the households purchase more food or clothing, this stimulates the production of
these goods, at least in part, within #ege Food processing and clothing manufacturers in turn
purchase more raw materials and hire more employées. moraaw material suppliers in turn
purchase more of the inputs they need, and the additional employees of all these firms in the
supply chain purchase more goods and service from their wages and salaries.

The sum total of t hes etpléafthedorigina direct ositenmpact; t s 1 s
hence this is often referred to as the multiplier effect, a key aspect of macroeconomic impacts. It
applies to both increases and decreases in economic activity. It can be further stimulated by price
decreasesral muted by price increases.

The remainder of this chapter is divided into three sections. The first section discusses the input
data, modeling assumptions, and how the input data and assumptions are linked to key structural
and policy variables in the B®nal Economic Models, Inc. (REMI) Pi¥model. The second

section presents the simulation results, including a sensitivity analysis and interpretation of
results. The last section provides a summary and discusses some policy implications. See
Appendix L or a discussion of the workings of the REMI Model and the steps involved in

linking work plans to model variables.

Input Data

Since 2009, significant changes have been made to the estimated costs and/or savings for several
of the work plansThe inputs ér the macroeconomic analysis are based on the choices of

methods, data sources, assumptions, and uncertainty about costs and savings developed by the
subcommitteesChanges in assumptions for costs developed bsuttmommitteehave also

driven significaat changes in macroeconomic impacts, particularly where cost estimates were
increased.Declining prices of natural gas is an example of another important factor in reducing

the value of energy savings.

Table5.1 shows a comparison of the macroeconomjaaiots for the 2009 versus 2013 work

plans where the macroeconomic impacts are significantly different. For example, relative to the
2009 analysis, inputs to the 2013 macroeconomic analysis md-ight Pennsylvaniavork plan

had $1.7 billion in reduceenergy savings and $2.7 billion in increased costs. With other
changes, there were $4.1 billion in negative changes to inputs to the macroeconomic model.

Another work plancombinedheatandpower, is notable for its large negative impacts in 2009

and beame an even more negative influence on the results of the 2013 analysis when cost
estimates were increasdtbmbinedheatandpowerhad the most complicated analysis of all the
work plans, having the most diverse set of economic impactss @fdke workplan are

distributed to 164 commercial and industrial sectors acrossatesvhile separate analysis of

biomass CHP added additional costs to industrial se&oesgy savings to commercial and

industrial sectors added economic stimulus to the heatidgentilation equipment and forestry
sectors. Energy distribution sectors saw reduced demand. Very large increases in costs shown in
the input data were not offset by increases in benefits.

®¥pl stands for “Policy Insight?”
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Assumptions made by subcommittees in the forestry sectorsl@itthe removal of lands from
productive use in the forest acquisition work plan and did not consider revenues that could
potentially be derived from the sustained management of the acquired forest lands. The forestry
work plans included options for greaszales of implementation, shown in Tablé.

Table 5.1. Comparison of Significant Differences in Macroeconomic Impact Results for
Work Plans Included in 2009 and 2013 Climate Action Plan

Billions of Fixed 2012 Dollars
2013 Analysis 2009 Analysis
Net Net
Present Present
Value Value
(2013 - (2009 - Explanation (relative to 2009
Work Plan GSP 2020) GSP 2020) analysis)
Combined Heat & Power 159 468 0.94 324 C_apital costs increased by about
(CHP) billion
Industrial Electric Best Energy savings are much lower in
ManagemenPractices 0.12 0.18 1.06 2.47 2013 work plan because natural g
(BMPs) programs were removed
Costs are $1.7 billion higher and
Relight PA 0.05 -0.72 0.95 1.98 savings are $2.4 billion lower in
2013 work plan
Costs are $2 billion higher and
Reroof PA -1.34 -2.90 -0.31 -0.57 benefits are $70 million lower in
2013 work plan
. An $800 million increase in energ
gﬁgﬁﬁ‘;i“a‘ Heatingand | 561 | 0.08 018 | 0.54 bills offset $70 million decrease in
capital cost in 2013 worglan
DemandSide Management Capital costs are $500 million
(DSM) Natural Gas 0.7% 0.58 0.3 1.85 higher in 2013 work plan
Biofuel heat is eliminated in 2013
DSM Qil -0.01 -0.07 0.09 0.98 work plan reducing income from
production of biofuels

The extenof the many types of linkages in the economy and macroeconomic impacts is broad
and cannot be traced by a simple set of calculatiinequires the use of a sophisticated model
that reflects the major structural features of an economy, the workingswdrkets, and all of

the interactions between them. In this study, REMI PI+ modeling sofimasaisedo be

discussed below (REMI, 2012This is the most widely used state level economic modeling
software package in thended Statesnd has been heily peer reviewed.

The REMI Model is used extensively to measure proposed legislative and other program and
policy economic impacts across the private and public sectors by government agencies in nearly
every stateln addition, it is often the tool athoice to measure these impacts by a number of
university researchers and private research groups that evaluate economic impacts across a state

37 This work plan was not voted on by the CCAC.
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and nation.The Pennsylvania version of the REMI Model was applied to the estimation of the
macroeconomic impa&e of the major GHG mitigation work plans on output, income,
employment and prices in the state for years 2Bd@igh2020 (i.e.eightyears).

Modeling Assumptions

Each of the individual work plans was developed by DEP ansutttdommittees The scopef

the work plans and their assumptions are the basis of the analysis and Kesyfi@ctors such

as fuel price, capital cost and the degree to which energy efficient goods are purchased within the
state are very importantSensitivity analysis of #se key variables is included. Certain work

plans are considered for the degree that they may be implemé&aiedxample, withurban

forests three options are considered. In these cases, the same options have been chosen for
macroeconomic analysis asneeised for the 2009 analysig/hen the alternatives are new to

this analysis, the smallest alternative is chosen for analysis.

The major data sources of the analysis areihle ¢ 0 m miquantigcatien’ results or their best
estimation of the cost/sengs of various recommended work plaiowever, thesavere
supplementewvith additional data and assumptions in the REMI analysis in cases where these
costs and some conditions relating to the implementation of the work plans are not specified by
the subcommittees Below is the list of major assumptions we adopted in the analysis:

1. Assumptions outlined in documents provided for each work plan by the CCAC have been
implemented in every case. For example, increased forest harvest activities do not include
increased downstream activities, such as milling, and assume that acquired forestlands
are not used in productive processes.

2. Itis assumdthat increases in household spending on ereffigient appliances will
reduce household spending in other commazhtegories by the same dollar amount.
Similarly, energy bill savings will enable households to increase spending on other
products and services by the same dollar amount.

3.For some work plans, energy consumeres
computed for the residential, commercial, and/or industrial sectors ylibemmittees
For the commercial and industrial sectors,dindo ¢ 0 m m ianalysesepsovide total
costs for the entire commercial sector and industrial sedtbestotal cost$or the
commercial and industrial sectaxgre distributecdamong 169 individual sectors based
on theinputoutputdata provided in the REMI model for Pennsylvania.

4. Forurbanforestry many noAamarket goods (public goods) such as improved air quality
and sorm water management, benefits are simulated apaomniary impacts. It is
assumed that orguarter of program funding comes from #t@egovernment budget,
one half from households and one quarter from sources such as donated labor, private
foundations andfederalgrants.

5. Forcombinedheatandpower, costs and benefits are distributed to both the industrial and
commercial sectors. Costs and benefits from biomass projects are added to these,
although stimulative impacts specific to biomass productienrgput separately.

6. None of the work plans were assumed to be large enough to displace investment that
otherwise would occur elsewhere in Pennsylvania due to crowding out of capital or by
causing constraints in the labor market.

cCO0S
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The analysis below is bad on the best estimation of the cost of various mitigation work plans.
However, these costs, and some conditions relating to the implementation of these work plans,
are not known with certaintyExamples include the net cost or cost savings of the plaris
themselves, which are highly dependent on assumptions regarding fuel prices and other factors.

Accordingly, sensitivity analysesere performedo investigate these alternative conditiofifie
action plan attempts to identify the least costly rgation work plans, and in fact, has identified
several that result in net cost saving®r example, many electricity demasidle management
practices translate into less electricity needed to produce a given outcome, such as running an
assembly line oranling a home.When this is accomplished at a net #stings on an

electricity bill, this is referred to as an energy efficiency improverifetii.other cases, as when
new equipment must be purchased, the additional expense may exceed cost savings.

It was beyond the scope of the b ¢ 0 m miditett enpast’analysis to evaluate broader

regional and national macroeconomic impadtbe subcommitteesomputed estimated GHG
reductions and direct costs of implementation within the assumptions outlinextifowerk

plan. These results have been analyzed here to estimate macroeconomic impacts and consider
numerous secondary impac#sor instance, reductions in energy demand are common to each
work plan and result in reduced demand for the products of/&ilidl energy sectors and savings

to energy consumerdnvestments required to implement work plans are costs to specific sectors
while also stimulus to those sectors and their suppliers. For example, businesses and households,
whose electricity consumptichas decreased, have therefore more money to spend on other
goods and services his increased spending stimulates the production and sales of goods, as it
reduces production by the affected utilities.

The results indicate that the net macroeconomi@atgon the Pennsylvania economy are
estimated to be positive for more than half of the work plankst of work plans with the
greatest and least economic benefit is presented b&oawbined impacts of all of the work
plans simulated together are shm

Linking the Pennsylvania Work Plans to the REMI Model Input

In total, the 31 quantified work plans that are analyzed in this chapter have the potential to
generate billions in net cost savings and reduce millions of tons of carbon ekoxin@lent
(COze) GHG emissions during the 20tt8ough2020 period, analyzed by tkebcommitteesn
separate analyses.

Analysis of costs and savings by the CCAC focused on the direct effects of implementing the

work plans. The direct costs of an energy efficignc wor k pl an i1 nclude a r at
energy and both customers’ and fir mMbeectexpendi't
benefits include customer savings on energy blsnore detailed discussion of the workings of

the REMI model is alsavailable in AppendiE.

3 This definition is widely used by economists and employed here; howkeélimate Action Plarmay also
include some positive cost demaside management meassire wi t hi n t he meaning of

en
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Results

A summary of results is presented in Taldl&sand5.3. Tableb.2 shows impacts to GSP for

each work plan.The net present value (NPV) for the period 2013 to 2020 is shown. Results are
all in 2012 dollars. TablB.3 presents results for employment statewi@ection E in Appendix

E contains more detailed resultsdividual sector results are presented in Sediiaf the

Appendix. In these results, a positive number in the tables represents a positive stimutus to th
economy, an increase in GSP or employménhegative number means a negative impact to
thestateeconomy, a decrease in GSP or a decline in total employment.

The impact to GSP of all 32 work plans combined, when simulated together, are negative for al
but the first year.This is due to strong negative effects from a small set of specific work plans
shown in Tablé.1. Total employment impacts over the analysis period are positive, but are also
negatively impacted by the same two work plafike NPVof the GSP impacts for the period

2013- 2020 is about$3.7 billion. Results become strongly positive, $3.97 billion, when only

two work plans are removed from the madifference of $7.7 billion.The strength of only two

work plans to affect resulfsom all 31, when simulated together as a group, underlines the value
of viewing proposed work plans individually, in context of one another, and of prioritizing them
for their macreeconomic impacts.

Most work plans had relatively small impacthie maprity had less than $10 million impact to
GSP in any given yeaiOverall the work plans show a wide range of impacts. The full range of
impacts to GSP is listed in TalBe2.

The last row otablesb.2 and5.3 present the simulation results of GSP amgleyment, in
which we assume that all the work plans are implemented concurrémyycombination of
results might be simulated as a grodble5.3 shows results from a handful of alternate
scenarios.

Table5.2 highlights several important points:

1 21 of the 31 work plans are estimated to incré&zSe
18 work plansouldhave positive employment impacts.
Theurbanforestryandlostandunaccountedor naturalgaswork plans yield the highest
positive impacts on the econormgn NPV of $2.85 bhillion;

1 Theurbanforestrywork plan relies heavily on ngmecuniary values associated with planting
urban trees, and assumes substantialmarket inputs. This is the only work plan based
upon assumptions about rpacuniary effects.

1 The scale oforestwork plans was modeled as the minimum scale of the three options
developed for the work plans, except where the 2009 analysis used the middle option for the
forestacquisitionandurbanforests
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Table 5.2. Gross State Product (GSP) Impacts of the Pennsylvania Climate Action Plan

Billions of Fixed 2013 Dollars

Net Present

Work Plan 2015 2018 2019 2020 Value
Sulfur Hexafluoride (SF6) 0.00 0.00 0.00 0.00 0.00
Combined Heat & Power (CHP) -0.43 -1.10 -1.34 | -159 | -4.68
Nuclear -0.01 -0.04 -0.04 |-0.05 |[-0.13
Subtotal - Electricity -0.44 -1.13 -1.38 -1.63 -4.82
Coal Mine Methane 0.03 0.03 0.03 0.02 0.19
Industrial Electric Best Management Practices (BMH 0.00 0.04 0.09 0.12 0.18
Lost Unaccounted (LU) Gas Production 0.35 0.15 0.09 0.08 151
LU Gas Distributior’ 0.00 0.00 0.00 |[-0.01 [0.00
Subtotal - Industrial 0.38 0.22 0.20 0.22 1.89
Building Commissioning 0.02 0.05 0.05 0.06 0.22
Relight PA -0.14 -0.08 -0.02 0.05 -0.72
Reroof PA -0.16 -0.68 -0.97 -1.34 [ -2.90
Appliance Standard$ 0.02 0.12 014 |o0.16 [0.41
Geothermal Heating and Cooliflg 0.02 0.01 0.01 -0.01 | 0.08
DemandSide Management (DSM) Natural Gas (NG} 0.09 0.10 0.11 0.10 0.58
DSM Qil -0.01 -0.01 -0.01 -0.01 | -0.07
DSM Water 0.09 0.10 0.11 0.10 0.58
Subtotal - Residential/Commercial -0.07 -0.38 -0.58 -0.88 |-1.82
Forest Easements -0.01 -0.01 -0.01 |-0.01 | -0.04
Forest Acquisition 2 -0.02 -0.04 -0.05 |-0.05 |[-0.18
Reforestation ¥ 0.04 0.03 0.03 0.03 0.23
Afforestation 1 0.00 0.00 -0.01 |-0.01 | 0.00
Urban Forest 2 0.16 0.27 0.32 0.37 1.35

39 This work plan was not voted on by the CCATEP decided not to include this work plan in the Action Plan due
to the efforts already undertaken by the PUC for Utility DSIC.
“0This work plan was not voted on Hye CCAC. DEP decided not to include this work plan in the Action Plan due

to the existing federal Department of Energy requirements.

“1 This work plan was not voted on by the CCAC. DEP decided not to include this work plan in the Action Plan. The

conceptwill be revisited in the next Action Plan.

“2The Reforestation work plan was not voted on by the CCAC and was not selected to be included as an option in
this Action Plan, although the concept is supportéts analysis was conducted on a prior versibthe work plan
wherethe benefits were overstate@ihe current version of the work plan shows negative GHG benefits within the

2020 time period and much higher associated costs.
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Billions of Fixed 2013 Dollars

Work Plan 2015 |2018 |2019 |2020 | (o EreN
Fuels for Shools® 0.01 0.01 0.02 |0.02 [0.06
Durable Wood Products 1 0.01 -0.02 -0.03 |-0.03 | 0.00
Subtotal - Forestry 0.19 0.25 0.28 0.31 1.42
Manure Digester 0.00 0.00 0.00 0.00 0.00
No Till 0.00 -0.01 -0.01 |-0.02 |-0.04
Subtotal - Agriculture 0.00 -0.01 -0.02 -0.02 -0.05
Improved Wastewater Treatment 0.00 0.00 0.00 0.00 0.00
Wasteto-Energy (WtE) Digester 0.00 0.00 0.00 0.00 0.00
WLE Municipal Solid Waste (MSV§ 0.00 0.00 -0.01 |-0.01 |0.00
Increased Recycling 0.01 0.01 0.01 0.01 0.09
Subtotal - Waste 0.02 0.01 0.01 0.00 0.09
Alternative Fueled Vehicles (AFV) Taxis NG 0.00 -0.01 -0.02 -0.02 | -0.05
Freight Efficiency 0.00 0.02 0.02 0.03 0.07
Subtotal — Transportation 0.00 0.01 0.01 0.02 0.03
Summation Total 0.07 -1.04 -1.48 -1.98 | -3.26
Simultaneous Total -0.14 -1.00 -1.36 -1.84 | -3.73

Net present values shown in Ta#l@ compute values from 2012020, years shown do not sum to NPV.
Note: A positive number in this table meansatentialp o s i t i v e
t oals tddnet swsntdaettoerdursdingg ¢ o n 0 my .

meansa pdentialn e gat i v e

mpact

sti mul

us

to the

state’
Tot

Most of the work plans thamhaygenerate positive impacts do so because they result in cost
savings for energy customerSomeresult insignificant operational savingsrfproducers, most
especially reducelbstandunaccountedor naturalgasamong gas producers amlustrial
electric bestmanagemenpractices Work plans with negative economic impacts invariably had

implementation costs that outweighed potential b&ndfrough the analysis perio@hose with

negative trends at the end of the analysis period tended to continue those trends into the period

after the analysis period.

High implementation costs impact the economy first on the balance sheet of thos@ectgt

affected, but also in related sectors of the economy via higher prices for inputs to downstream
processesCosts in the energy sector, for example, affect every sector of the economy because

“3This analysis was conducted before the CCAC discussed this work plandiséiessionDEP agreed with the
committee to not include this work plan as one of the-efisttive strategies, due to the negligitielG benefits.
“4 This macroeconomianalysis was conducted on an earlier version of the work plan. The current varsioore

GHG benefits and lower costs.
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energy is an input to every economic process to onedey another, including running a
household.

Forestacquisitionandforesteasementare also distinct from the larger grouphese work plans

rely on preserving forestlandCosts are associated wittentifying funding to acquir&and.

These are flierent from all the other work plans that involve improved economic processes
through the diffusion of best practices and technoldidye forest acquisition work plan assumes
that lands are removed from productive use in the econ@malysis of sustaiable economic

uses of the land in lieu of the development activities from which these lands are protected may
be worthy of further analysis to determine if they may yield important positive economic
benefits.

The source of funding is not the same for eaohk plan. Many rely on requirements that may
be imposed on utilities by trstate others on investments th@atemay choose to makestill
others are largely voluntary programs driven by market forces.

Two programsteforestatiof anddurablewoodproducts seek to reestablish a oneeiable

industry on neglected lands through market forddse reforestatiorwork plan is notable for the
very large positive impacts of its alternative scenarios. Production associated with processing
forest productss assumed by the subcommittees to take place atdtef These important
potential benefits are removed from consideration by assumption.

No obvious relationship exists between the degree of benefit to the economy and the source of
funding for each wik plan. Within each of the major groups that bear costs for GHG reduction
work plansconsumersgovernmentcommercial andindustrialsectors there aravork plans

with both positiveand negative economic impacts.

The size of work plan costs is notcessarily related to net economic benefits. The relationship

between benefits and costs, and the sector of the economy where these benefits and costs occur
affect macroeconomic results, rather thansize of any individual factor.

Table 5.3. Employment Impacts of the Pennsylvania Climate Action Plan

Thousands of Net Jobs

Work Plan 2015 2018 2019 2020
Sulfur Hexafluoride (SF6) 0.00 0.00 0.00 0.00
Combined Heat & Power (CHP) -4.96 -12.03 | -14.36 | -16.71
Nuclear 0.40 0.73 0.73 0.92
Subtotal - Electricity -4.55 -11.30 -13.63 -15.79

> The reforestation work plan was not voted on by the CCAC and was not selected to be included as an option in
this Action Plan, although the concept is supportéts analysis was conducted on a prior version ofathik plan
wherethe benefits were overstate@ihe current version of the work plan shows negative GHG benefits within the
2020 time period and much higher associated costs.
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Thousands of Net Jobs

Work Plan 2015 2018 2019 2020
Coal Mine Methane 0.38 0.33 0.31 0.28
Industrial Electric Best Management Practices (BMPS) 0.03 0.84 0.90 1.03
Lost Unaccounted (LU) Gas Production 4.44 2.00 1.29 1.16
LU Gas Distributioft® -0.03 [ 0.00 -0.03 | -0.07
Subtotal - Industrial 4.82 3.17 2.47 2.41
Building Commissioning 1.45 2.06 2.05 2.04
Relight PA 1.85 1.21 1.37 0.30
Reroof PA -1.36 -5.86 -8.32 -11.40
Appliance Standards 1.75 2.54 2.63 2.68
Geothermal Heating and Coolffig -0.40 -0.72 -0.84 -0.58
DemandSide Management (DSM) Natural Gas (NG) 1.15 1.13 1.08 1.00
DSM Qil -0.17 -0.11 -0.11 -0.10
DSM Water 0.52 0.69 0.74 0.79
Subtotal - Residential/Commercial 4.78 0.95 -1.39 -5.28
Forest Easements -0.14 -0.14 -0.14 -0.14
Forest Acquisition 2 -0.37 -0.73 -0.84 -0.96
Reforestation ¥ 1.40 1.42 1.40 1.38
Afforestation 1 2.33 231 2.35 2.36
Urban Forest 2 10.27 17.35 19.90 22.34
Fuels for Schoof§ 0.40 0.71 0.81 0.90
Durable Wood Products 1 1.09 0.35 0.22 0.13
Subtotal - Forestry 14.96 21.28 23.69 26.02
Manure Digester 0.01 0.02 0.02 0.02
No Till -0.02 -0.07 -0.08 -0.10

“® This work plan was not voted on by the CCATEP decided not to include this woplan in the Action Plan due

to the efforts already undertaken by the PldCUtility DSIC.

“" This work plan was not voted on by the CCAC. DEP decided not to include this work plan in the Action Plan due
to the existing federal Department of Energy regmients.

“8 This work plan was not voted on by the CCAC. DEP decided not to include this work plan in the Action Plan. The
conceptwill be revisited in the next Action Plan.

“9 The reforestation work plan was not voted on by the CCAC and was not seleceeéhttubled as an option in

this Action Plan, although the concept is supporfdils analysis was conducted on a prior version of the work plan
wherethe benefits were overstate@he current version of the work plan shows negative GHG benefits within the
2020 time period and much higher associated costs.

%0 This macreconomicanalysis was conducted before ®@AC discussed this work plan. After discussion, the

DEP agreed with the committee to not include this work plan as one of theféestiive strategis, due to the

negligible GHG benefits.
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Thousands of Net Jobs

Work Plan 2015 2018 2019 2020
Subtotal - Agriculture -0.01 -0.05 -0.06 -0.08
Improved Wastewater Treatment 0.00 0.01 0.01 0.01
Wasteto-Energy (WtE) Digester 0.01 0.02 0.02 0.02
WLE Municipal Solid Waste (MSW) 0.10 0.01 -0.02 -0.05
Increased Recycling 0.14 0.12 0.12 0.11
Subtotal - Waste 0.25 0.16 0.13 0.09
Alternative Fueled Vehicles (AFV) Taxis NG -0.06 -0.22 -0.27 -0.33
Freight Efficiency -0.03 -0.06 -0.07 -0.09
Subtotal — Transportation -0.08 -0.21 -0.26 -0.31
Summation Total 20.17 13.99 10.95 7.06
Simultaneous Total 21.18 16.42 13.34 8.34

Note: A positive number in this table means job creation in Pennsylvania; a negative number in this table means a
reduction in the total employment of Pennsylaamiotals do not add due to rounding.

The employment impacts summarized in Tdb8are slightly different than the GSP impacts
because investments in green technologies tend to be very labor intensive, resulting in high
employment impacts, even when iagbs to GSP are negativé/ork plans which decrease
utility bills also cause increases in consumer spending on goods and servicesallbcates
economic activity from the highly mechanized energy sector to labor intensive services and
consumer goodsectors.

Impacts to inflation arerojected to b&ery small, with an increase of Qo&rcentoy 2020.

Differences between the simultaneous simulation and the sum of work plans simulated separately
are due to synergies in economic actions captured tREN model in nodinear

relationships.In other words, many relationships between economic actors are not constant.

The higher positive impact from the simultaneous simulation is due tbrrearities and

synergies in the model that reflect real wartshsiderations For example, changes that are

larger in scale can cause shifts from labor to capital, affecting aggregate relewisver, for

the purpose of prioritizing projects and selecting work plans for further analysis, the results from
simulatng work plans individually can be expected to be of same order of magnitude and
generally to have similar rank order.

AppendixE presents results for impacts to individual sect@&sctors with the largest negative
impacts are thelectric utility , natural gasutility , andpetroleumandcoal productssectors.

Alternative Scenarios

*1 This analysis was conducted on a prior version of the work plan. The current work plan includes greater GHG
benefits with lower costs, making it more cost effective.
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Thesubcommitteegonsidered alternative implementation scenariosifowork plans. Five of

these aréorestrywork plans, and one is an alternative between electric atiudah gas taxis.

Table5.4 shows results from 20132020 for impacts to GSHexcept for thedternativefueled
vehiclescenarios, the alternatives present varying degrees to which work plans are implemented,
greater numbers of affected acres and greaterbers of trees, in increasiagder from

alternatives 1 to 3.

Table 5.4. Alternative Work Plan Scenarios

Gross State Product- 2012 $million \I\}ZtluF;resent
Work Plan 2015 2018 2019 2020 2013 - 2020
Afforestation 1 4.03 -4.33 -6.84 -9.16 -1.68
Afforestation 2 7.81 -8.85 -13.31 -17.64 -3.13
Afforestation 3 15.63 -16.78 -25.76 -34.91 -4.34
AFV Taxis HEV -2.62 -9.22 -12.02 -14.40 -38.17
ARV Taxis NG -3.42 -12.51 -16.11 -20.08 -50.98
Durable Wood Products 1 7.51 -23.56 -28.75 -31.86 3.04
DurableWood Products 2 22.58 -13.12 -19.59 -23.13 93.76
Forest Acquisition 1 -16.30 -32.47 -37.78 -42.97 -148.50
Forest Acquisition 2 -19.59 -39.92 -46.57 -53.28 -181.16
Forest Acquisition 3 -39.06 -79.65 -92.90 -106.32 -361.26
Reforestation ¥ 37.96 33.94 3259 30.94 231.51
Reforestation 2 350.22 314.09 299.80 286.56 2,131.06
Reforestation 3 664.55 596.68 569.58 544.49 4,044.98
Urban Forest 1 61.52 105.77 123.60 141.05 525.10
Urban Forest 2 156.07 273.38 320.74 366.76 1,348.12
Urban Forest 3 411.50 683.65 791.14 897.09 3,441.55

Two of the work plans show very large potential economic benefits of increases in the scale at
which they are implemented. Simulations that include all 31 work plans, caltsdlidated

herein, show marked improvement whbaflorestalternatives at greater scale are included. In
Table5.4, alternatives, which were included in Tablg, are shown with grey shading, and are
the same results shown in millions of dollars, rather than billions.

Sensitivity Analysis

2 The reforestation work plan was not votedoyrthe CCAC and was not selected to be included as an option in
this Action Plan, although the concept is supportéts analysis was conducted on a prior version of the work plan
wherethe benefits were overstate@ihe current version of the work planosis negative GHG benefits within the
2020 time period and much higher associated costs.
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In the sesitivity analysis,The Center for Climate Strategies (CG8hulated the

macroeconomic impacts of changes to fuel price, capital cost, the percentage of goods that are
produced within thetate and the discount rate. Sensitivities were performed on $elieaent

work plans. They are as follows:

Nuclear

Relight PA

Reroof PA

Building commissioning
Combinedheatandpower
Appliancestandards

= =4 =4 -8 -8 -9

Sensitivity Tests

CCSperformed sensitivity tests on appropriate parameters of the analysis for some akthe wo
plans with large economic impacts. For example, fonti@earwork plan, parameters are
capitalcostsandfuel costs CCSperformed sensitivity analyses with the following assumptions:

1. Fuel Price: The fuel prices are Sfercentower or 50percent higher than théevels used in

the base case analysis. These would first affect the fuel cost savalggeocommercial and

industrial sectors (which are the productte physical amount of displaced fuel use and the

price of fuels). Meanwhile, tiange ofuel priceswill also affect the gross fuel costs for the CHP
systems, which are part of the increased production cost to the commercial and industrial sectors.
Moreover, these would also affect t Naura exogen
gasdistributionsector andarmsector (in value terms)rhis sensitivity analysis has been

performed fomuclear building commissioningre-light PA, re-roof PA, CHP, andppliance

standards

2. Capital Cost: Capital costs are Sferceniower or 50percenthigher than the levels used in
the current analysisThis was done fonuclear CHP,re-roof PA, andappliancestandards

3. Regional Purchase Coefficient: The percentage of products that are produced inside the
stateis considered.The sensitivity increases the percentage, calledep@nalpurchase
coefficient(RPC), or decreasing it by $@rcent This analysis is done f@ppliancestandards
andre-light PA.

4. Discount Rate: Calculation ofnet presentvaluedepends upon theuel of interest rate used.
The default interest rate included above has bgmrdent For all of the work plans, alternate
interest rates of Bercentand 7percentare use.

Conclusions

This chapter summarizes the analysis ofgbentialimpacts ofthe Pennsylvania Climate

Action Planon thest a teeohasnyCCSused a state of the art macroeconometric model to
perform this analysis, based on data supplied from seven subcommittees who vetted them

73



through an irdepth; consensus based technical assagsamd stakeholder process. The results
indicate that many of the GHG carbon mitigation and sequestration workcplalddhave

positive impacts on th& a teeohosny. The results from simulating all 31 work plans together
are much different than ressifrom 2009, the previous analysis, due to higher estimates of direct
costs and lower benefits estimated bydiiecommitteesind provided as inputs for this analysis

in 2013. On net, the combination of work plans together is estimated to create, ogeaneyee

than 21,000 jobs by 2015 and more than 17,000 jobs, on average, over the analys{@E3iod

- 2020). On the other hand, GSP is estimated to decline by about $4.5 billion over the analysis
period (2013 2020).

The wide range of impacts fromork plans when simulated individually suggests that policy
makers may benefit from consideration of certain subsets of the larger groupxample, a
subset of the larger group that was simulated without CHPearodbf PA improved the overall
GSP impats by $7.7 billion dollarever the 2013 2020 analysis period

The analysis showsotentialemployment impacts at the same time as negative GSP impacts.
This reflects in part the relatively labor intensive nature of green energy technologies, and that
income that is redistributed to consumer goods from energy sector spehdalgstand
unaccountedor naturalgasandreforestation work plans contribute the highest GSP gains, 69
percentbof the result from the group of 31, when simulated togetbebanforestryandre-light

PA contribute the highest employment gains.

The macroeconomic gains stem primarily from the ability of work plans to lower the cost of
production. This stems primarily from their ability to improve energy efficiency and thusidow
production costs andcreaseconsumer purchasing powerhe results also stem from the
stimulus of increased investment in plant and equipment and investment activities with higher
than average multiplier effects on labor and GSP.

Several tests wegerformed to determine the sensitivity of the results to major changes in key
variables such as capital costs, fuel prices and the degree that goods are produced within the
state The tests indicate the results are robust, i.e., the overall results cltange much even
when these variables are changed by plus and minpergént

Note that the estimates of economic benefits to Pennsylvania represent a lower bound from a
broader perspectivelhey do not include the avoidance of damage from the cliohatiege that
continued baseline GHG emissions would bring forth, the reduction in damage from the
associated decrease in ordinary pollutants, the reduction in the use of natural resources, and the
reduction in traffic congestion.
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Chapter 6. Recommendations of Legislative Change

Based on the research and analysis conduct&EByin consultation with th€ CAC, and
macroeconomic analysis completedThe Center for @mate Strategieghe following are
recommadations for legislative action

1: Address long-term liability issues associated with carbon capture and sequestration.

As discussed in sectigh4, one of the opportuities to reduce GHGs in the forestry ®gagelates

to carbon capture and sequestration. I n addi't
formations may be used to store carbon from stationary so@nesf the major concerns with

geologic sequestration relates to the liability akigge once CQs injected into an underground
formation.

2: Provide incentives for the capture and use of coal mine methane.

As discussed in sectiaghl, the release of methane gas to the atmosphere is a major component

of GHG emissions. Methane gasadossil fuel and energy source, commonly known as natural

gas, which occurs in various geologic formations in Pennsylvania, including coal formations.

When coal is mined and processed for use, substantial amounts of methane gas are released. Coal
bed mehhane iscontained within coal formations and may be extracted by gas exploration

methods or released as part of coal mining operations.

3: Evaluate the effectiveness of Act 11 of 2012 (Utility DSIC) to ascertain the impact that
accelerated natural gas distribution infrastructure replacement has on decreasing fugitive
methane emissions.

As discussed in Sectionl4when methane is emitted into the atmosphere 21 times more

potent a GHG than COMethane losses from natural gas extraction and dela@gunted for
32percenof U.S. methane emission®V/i t h EPA’ s NSPS requirements
methane emissions during extraction activities have been significantly reduced. Act 11 of 2012
required PUC tallow utilities to petition for the abiy to recoup costs when repairs were made

to utility lines. This has enabled natural gas distribution companies to make repairs or replace

leaking distribution lines.

4: Enact legislation incentivizing and directing natural gas utilities to expand existing
service territory to un-served customers in a cost-effective manner.

As disassed in SectioA.2, amajor opportunity for Pennsylvania would be to expand natural
gas distribution lines throughout the sta®®hen natural gas is burned, it is sigecefintly lower in

not only CQ, but also S@and NOx. However, this cheaper and cleaner when burned fuel is not
accessible to many consumers in Pennsylvania, both residentially and commeiiptinding
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this fuel for heating and cooking consumption waudd only reduce& o n s u utlkyrbals

each month, it would also yield air quality benefi&B 738 of the 2013/14 sessioreates the
Natural Gas Consumer Access Act to require natural gas distribution system extension and
expansion plans in Pennsyhia.

5: Provide additional incentives for the use of alternative fueled vehicles, such as electric
vehicles and LNG/CNG fueled vehicles, particularly large fuel consumption fleet vehicles.

In Section4.3 opportunities for alternativieieled vehicles wie discussed, including the Act 13

of 2012 furding for LNG/CNG retrofits for fleet vehicles over 14,000 Ibs ARdG. The

monies proided by Act 13 of 2012 were only transferred to the Natural Gas Energy
Development Fund for the first three years of thiural gas impact feeAs more infrastructure,

such as CNG refueling stations and electric charging stations are built, more Pennsylvanians will
be interested in purchasing vehicles that run on alternative fBlse 2011, DEP has invested
$4.35 million toward electric vehiclesThe benefits of alternative fuel vehicles are numerous,
includingsignificantbenefits to air qualitynd savings at the pump for consumd?sograms

such as these should be continued in the future with additional funding

6: Consider legislation mandating or encouraging energy use profiling for commercial
buildings, similar to the city of Philadelphia’s ordinance.

Thecity of Philadelphia has set a goal in their 2009 Greenworks Philadelphia plan, toX8duce
percentof erergy consumption of residential and commercial buildingsis savings will be
achieved by weatherizing existing homes and commercial buildings, developing new buildings
that are more energy efficient and encouraging people to replace thelpuightan upgrade to
more energpefficientappliances.By reducing the amount of energy consumed in Pennsylvania,
there will be a significant impact on reducing GHGs and improving air quality.

7: Expand competitive electricity markets to foster and encourage renewable and
alternative energy suppliers to enter Pennsylvania’s market.

Renewabl e and alternative energy suppliers th
able to offer customers preferred generation options for their source of electricitgssuuid,

solar and other renewable produdBs; giving consumers the choice on how their own

electricity is generated, markets for renewables will be able to expand based on the marketplace.

8: Continue to support the implementation of AEPS.

As discused in Sectiod.1, the AEPS is helping to lower GHG emissions in Pennsylvania.
Through 2020AEPS will require annuahcreased use of alternative and renewable electricity.
Through this increased use of alternative and renewables as discussed thrihiglagtion

plan, GHGs willcontinue tdbe reduced.

9: Amend AEPS to permit the inclusion of additional waste-to-energy facilities.
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As discussed in Sectighl, additional wastéo-energy facilities are opportunities for
Pennsylvania to reduce GHGstlwthe disposal of municipal solid wasfEhere are also new
technologies available that should be considered for the future deployment and processing of
municipal solid wasteAEPS recognizes electricity generated bydtate six WTE facilities is
reamgnized as a Tier Il resourc&he combustion of MSW by WTE facilities produces

significant amounts of clean, baseload electricity with significantly lower GHG emissions than
traditional fossifueled generation because approximatelp&@entof the GHGemissions

from WTE facilities are biogenic in origitt

53 http://www.epa.gov/cleanenergy/eneraydyou/affect/municipasw. html
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