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Executive Summary 

 
Introduction 
 
Shale gas extraction in the United States has increased considerably over the last three years.  
President Obama and many Republican and Democratic members of Congress hail this increase 
as vital to energy security and a substantial step toward energy independence.  Concurrently, 
numerous environmental organizations have voiced concerns about the effects shale gas 
extraction has on water resources and air quality.   
 
The Marcellus Shale, which underlies much of the Northeast, is a rock formation that has 
become a major source of shale gas.  Pennsylvania, in particular, has seen shale gas extraction 
increase from 9,800,000 Mcf (thousand cubic feet) in 2008 to 271,800,000 Mcf in the six month 
period between July 2010 and December 2010, the latest time period for which data is available.  
Production in Pennsylvania is projected to increase even more in future years.  New Jersey has 
no substantial shale gas plays, but it abuts the Marcellus Shale deposit, and is downwind 
(especially during the winter) and downstream from shale gas development in Pennsylvania.  To 
date, no studies examining the economic and environmental benefits New Jersey will realize, or 
the environmental costs New Jersey will incur as a result of this shale gas extraction, have been 
published.  Thus, the purpose of this project is to examine both the costs and benefits New Jersey 
will likely experience as a result of shale gas extraction in Pennsylvania.  Most of the policy 
options that are then proposed and assessed are cost mitigation strategies, but some also touch on 
ways New Jersey can maximize the benefits it is likely to derive from Pennsylvania’s shale gas 
production.   
 
Environmental Costs 
 
This report focuses specifically on the potential degradation of New Jersey air quality that would 
occur if ozone levels in New Jersey increase due to shale gas development. I concentrated on 
potential ozone increases because ozone is New Jersey’s most problematic air pollutant.  The 
United States Environmental Protection Agency (EPA) considers the entire state of New Jersey 
to be a moderate 8-hour ozone non-attainment area.1  Moderate 8-hour non-attainment areas have 
a design value between 0.092 parts per million (ppm) and 0.106 ppm.2  This range is well above 
the EPA’s ozone standard of 0.075 ppm, which it instituted in order to protect public health.3  
The design value is defined as the three year average of “the fourth highest daily maximum 8-
hour average [ozone] concentration recorded each year.”4   
 
Ozone levels in New Jersey may increase as a result of shale gas extraction in Pennsylvania.  
This is due to the ground-level ozone that is produced when the toxic and volatile organic 
compounds, as well as fugitive natural gas, “mix with nitrogen oxides from the exhaust of diesel-

                                                 
 
1
 (New Jersey Department of Environmental Protection 2008, Ozone 10) 

2
 (New Jersey Department of Environmental Protection 2008, ozone 10) 

3
 (New Jersey Department of Environmental Protection 2008, ozone 3) 

4
 (New Jersey Department of Environmental Protection 2008, Ozone 10) 
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fueled, mobile and stationary equipment.”5  Ground level ozone produced in Pennsylvania can 
affect New Jersey air quality because ozone and its precursor pollutants can be transported “into 
an area from sources hundreds of miles away.”6   
 
Increased ozone levels are a concern for New Jersey because there are numerous health effects 
associated with exposure to ozone including premature lung aging and, with extended exposure, 
asthma and chronic obstructive pulmonary diseases.7  Children and individuals who spend time 
outdoors, in addition to the aged, are particularly vulnerable groups.8    
 
In my analysis I found that currently, natural gas production in the Pennsylvania Marcellus Shale 
is not increasing ozone levels in New Jersey, but as production increases, ozone levels in New 
Jersey are likely to rise, particularly in the winter when the prevailing winds shift from 
southwesterly to northwesterly. 
 
Economic and Environmental Benefits  
 
All New Jersey sectors that currently rely on natural gas will benefit from the stabilized and/or 
reduced natural gas prices that are likely to be the result of increased Pennsylvania shale gas 
extraction.  The commercial and residential sectors, in particular, are likely to benefit the most 
because they comprise 29.14% and 36.50% of New Jersey natural gas consumption, 
respectively.9 Through my analysis of economic data from the New Jersey Department of Labor 
and Workforce Development, I found that the commercial sector comprised 82% of New 
Jersey’s Gross Domestic Product (GDP) in 2008.10  Therefore, a large portion of New Jersey’s 
economy stands to benefit from reduced natural gas prices.  Natural gas prices are also 9.6% 
higher than the national average in the commercial sector and 18.9% higher than the national 
average in the residential sector. 11  Thus, if New Jersey natural gas prices fall more than the 
national average, they may provide an incentive for businesses and individuals to relocate to 
New Jersey, especially given the fact that most New Jersey businesses cite energy costs as the 
second highest overhead cost, after labor.12   
 

                                                 
 
5
 The Colorado Department of Public Health and Environment, 2007, among other sources as cited by (Colborn, et 

al. 2010, 4,5) 
6
 (New Jersey Department of Environmental Protection 2008, Ozone 1) 

7
 (Colborn, et al. 2010, 5) 

8
 Islam et al. 2007, Tager et al. 2005 and Triche et al. 2006, as cited by (Colborn, et al. 2010, 5) 

9
 (Energy Information Administration 2011) 

10
 (New Jersey Department of Labor and Workforce Development 2010) 

11
 (Energy Information Administration 2011) Note:  The 2010 Annual residential price for natural gas in New Jersey 

was not available because data is missing for May and November.  The figure quoted is the average of the prices 

recorded for the other ten months, as calculated by the author of this report.  The prices quoted for the 

commercial and industrial sectors are 2010 annual prices.  The author is also responsible for the calculation of the 

percentage differences. 
12

 (The State of New Jersey 2011, 94) 
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The residential sector is also likely to benefit from reduced natural gas prices because households 
will substitute natural gas for home heating oil to take advantage of the large divergence in oil 
and gas prices.  Currently, 19% of New Jersey households use home heating oil.13 In order to 
facilitate high rates of substitution of natural gas for home heating oil, New Jersey could 
encourage the construction of pipelines in counties that have the highest number of heating oil 
users per square mile.  I used data from the U.S. Census Bureau to determine which New Jersey 
counties are most reliant on home heating oil.14  Drawing from my analysis, I recommended that 
new pipeline be built in Hudson and Essex Counties, which conveniently border each other.  It 
may also make sense, however, to build pipeline in Morris and Sussex Counties.  These counties 
have some of the highest total number of households that use home heating oil and are also likely 
to experience air quality degradation as Marcellus Shale gas extraction in northeastern 
Pennsylvania increases.  Thus, reducing home heating costs could be a way of off-setting 
increased air pollution.  
 
As seen in the chart below, the substitution of natural gas for home heating will also yield 
environmental benefits.  

Home Heating Emissions Comparison 
    Emission rate (lbs/MMBtu) 
Fuel Typical Efficiency of 

Central Heating System15 
Carbon 
Dioxide16 

Nitrogen Oxides 
(NOx)17 

Particulate 
Matter18 

Heating Oil 80% 216 0.163 0.004 
Natural Gas 85% 140 0.011 Negligible  
 
New Jersey would also realize large environmental benefits if the electricity currently generated 
from coal in the state were instead generated from state-of-the-art combined cycle natural gas 
plants.  The chart below summarizes the emissions reductions that would be realized from this 
substitution.   
 

                                                 
 
13

 (Energy Information Administration 2011) 
14

 (U.S. Census Bureau 2009)  Please note:  This is the citation for one of the county pages.  Each county’s “House 

Heating Fuel” statistic had to be researched individually.   
15

 (United States Department of Energy 2011) 
16

 I calculated carbon dioxide emissions rates using the emissions factor of 173 lb/MMBtu for fuel oil and 119 

lb/MMBtu for natural gas.  The oil emissions rate was retrieved from (Levitan & Associates, Inc. 2011, 85) and the 

natural gas emissions rate was retrieved from (National Energy Technology Laboratory, United States Department 

of Energy 2007, 3) 
17

 I calculated NOx emissions rates using the emissions factor of 0.13 lb/MMBtu for fuel oil, retrieved from (Batey 

n.d., 2) and 0.009 lb/MMBtu for natural gas, retrieved from (National Energy Technology Laboratory, United States 

Department of Energy 2007, 3) 
18

 I calculated particulate matter emissions rates using the emissions factor of 0.003 lb/MMBtu for fuel oil, 

retrieved from (Batey n.d., 3) and “negligible” for natural gas, retrieved from (National Energy Technology 

Laboratory, United States Department of Energy 2007, 3) 
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Comparison:  Tons of Pollutant emitted from generating 10,622,423.579 MWh of electricity 
Fuel Pollutant 

NOx SO2 CO2 
Coal 12,635 62,298 11,523,898 
Natural Gas 321 0 4,246,638 
Reduction 12,314 62,298 7,277,260 
Percentage of total emissions from electricity generation 54% 75% 33% 

 
At 2009 coal and natural gas prices (the last year for which data is available), natural gas was 
cheap enough to displace all coal-fired electricity generation in New Jersey, assuming state-of-
the-art natural gas plants are built.  For this to remain the case, natural gas prices in the electricity 
industry must stay below $5.40/MMBtu, assuming coal prices and demand remain stable and no 
other power plants are retired. 
 
An Examination of Potential Costs and Benefits:  Key Findings 
 
The downward pressure that Pennsylvania Marcellus Shale gas production is placing on New 
Jersey natural gas prices will yield economic benefits, particularly in New Jersey’s residential 
and commercial sectors.  Ozone levels in New Jersey are likely to climb as shale gas extraction 
increases in northeastern Pennsylvania, particularly if future extraction activities are 
concentrated close to the Pennsylvania-New Jersey border, but the substitution of natural gas for 
home heating oil in the residential sector, and natural gas for coal in the electricity sector, will 
drastically reduce New Jersey’s NOx emissions.  NOx is a precursor to ground level ozone 
production.  Thus, if NOx emissions in New Jersey are significantly reduced, the increased 
quantities of ground level ozone wafting into New Jersey from Pennsylvania are likely to be 
offset.  
 
Policy Options 
The following policy options are ways in which the State of New Jersey can maximize the 
benefits it is likely to derive from increased shale gas extraction in Pennsylvania and also 
mitigate the increased ozone pollution that is likely to occur in the future. 

1) General Policy Options 
a) The New Jersey Department of Protection could conduct a baseline study to 

determine the extent to which New Jersey air quality will improve or deteriorate due 
to shale gas extraction in Pennsylvania.   

b) New Jersey could take advantage of new and cheaper sources of Pennsylvanian 
natural gas by encouraging residents to heat their homes with natural gas and by 
encouraging more gas-based electric power generation.  

2) EPA Options 
a) New Jersey could take the lead in creating a multistate coalition to lobby the EPA to 

exercise its regulatory authority by adopting stronger national regulations for shale 
gas extraction 
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b) New Jersey can petition the EPA to make Pennsylvania revise its State 
Implementation Plan (SIP) if ozone produced in Pennsylvania is shown to adversely 
impact New Jersey air quality 

c) New Jersey can issue a 126 Petition to the EPA, which would ask the EPA to directly 
regulate the emissions from shale gas extraction in Pennsylvania. 

3) Litigation Options 
a) New Jersey can sue shale gas extraction companies if ozone produced from shale gas 

production adversely affected NJ air quality. 
b) New Jersey can sue Pennsylvania for damages caused by its lax regulation of air 

pollution caused by shale gas extraction 
c) New Jersey could threaten to do options 2b, 2c or 3b unless Pennsylvania is willing to 

compensate New Jersey for the environmental damage extensive expansion of shale 
gas production will cause. 

d) New Jersey can threaten do option 3a unless Pennsylvania requires the natural gas 
industry to provide New Jersey with cheaper natural gas.  

 
Criteria 
The following are a list of criteria by which the options were judged: 

Effectiveness        

Political Feasibility     

Minimize State Expenditures 

Legality 

 

Recommendations 

I recommend that New Jersey adopt option 1a immediately.  The results of a detailed baseline 
study must be used to inform any decisions the State will make going forward.  If the results 
show that the substitution of natural gas for home heating oil in the residential sector and natural 
gas for coal in the electricity sector will yield substantial environmental benefits and more than 
offset ozone produced by increased shale gas extraction in northeastern Pennsylvania, then New 
Jersey should consider implementing option 1b.  Option 1b should definitely not be adopted 
without detailed air quality modeling because it may be expensive if natural gas prices increase.  
If the baseline study demonstrates that New Jersey’s ozone levels will rise significantly if shale 
gas production in northeastern Pennsylvania increases, New Jersey should adopt option 2b.   
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Glossary of Terms  

 
CAA:  Clean Air Act 

DSGEIS:  Draft Supplemental Generic Environmental Impact Statement  

EPA:  Environmental Protection Agency 

FERC:  Federal Energy Regulatory Commission 

LMP:  Locational Marginal Price (sets the wholesale price of electricity) 

Mcf:  Thousand cubic feet 

MMcf:  Million cubic feet 

MMBtu:  Million British Thermal Units (measurement of heat) 

MOPR:  Modified Offer Price Rule (dealing with bids new electricity generators are allowed to 

submit) 

MWh:  Megawatt hour (one megawatt of electricity, generated for the course of one hour) 

NAAQS:  National Ambient Air Quality Standards 

NGWDA:  Natural Gas Wellhead Decontrol Act of 1989 

NJDEP:  New Jersey Department of Environmental Protection 

NOx:  Nitrogen Oxides (nitric oxide and nitrogen dioxide, both are precursors to ground level 

ozone) 

NYDEC:  New York Department of Environmental Conservation 

PADEP:  Pennsylvania Department of Environmental Protection 

PJM:  Pennsylvania, Jersey, Maryland Power Pool 

ppb:  parts per billion 

ppm:  parts per million 

SIP:  State Implementation Plan  

SO2: Sulfur Dioxide 

TCEQ:  Texas Commission of Environmental Quality 

WWTP:  Waste water treatment plant 
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Policy Question 
 
  "What are the costs that New Jersey will incur and benefits that New Jersey will realize as a 
result of shale gas extraction in Pennsylvania, and how can New Jersey maximize the benefits 
while mitigating the costs?" 

Background 
 

Overview of Natural Gas Markets in the United States 
Beginning in 1978, the Federal Energy Regulatory Commission and the U.S. Congress gradually 
began to deregulate interstate natural gas markets.19  As a result of this deregulation, as well as 
high pipeline capacities, an increase in natural gas production and consumption, and an increase 
in arbitrage activities, regional natural gas prices began to increase and decrease in a largely 
uniform manner.20   However, by 2000 natural gas demand, particularly during the winter 
months, had outstripped its production and importation.21  Consequently, inventories, which 
accumulated during the summer months, played a larger role in determining price levels and in 
increasing price volatility.22  This volatility was exacerbated by a shortage in excess pipeline 
capacity, which MacAvoy claims is because pipeline companies were no longer promised a 
specific rate of return on the pipeline they constructed, thus causing a decrease in pipeline 
capacity expansion.23   
 
Today, natural gas prices vary significantly across different regions of the United States and 
across sectors, as demonstrated in the table below.  In 2010, the average price of natural gas used 
in the residential sector was $11.18/Mcf (thousand cubic feet) however, natural gas prices were 
as low as $9.63/Mcf in the Mountain region and $14.78/Mcf in New England.24  The average 
price for natural gas used in the commercial sector was $9.14/Mcf.  The commercial sector in the 
Mountain Region, however, enjoyed the lowest prices in the nation ($8.29/Mcf) while the 
commercial sector in New England faced the highest prices ($11.47/Mcf).  Finally, the industrial 
sector paid an average of $5.40/Mcf in 2010, but prices ranged from $4.62/Mcf in the West-
South Central region to $10.37/Mcf in New England.25 
 
 
 
                                                 
 
19

 (Brown and Yucel 2008, 2) 
20 De Vany and Walls (1993,1995, 1999), Doane and Spulber (1994), and MacAvoy (2000), as cited by (Brown and 
Yucel 2008, 2) 
21

 (Brown and Yucel 2008, 3) 
22

 (Brown and Yucel 2008, 3) 
23

 MaAvoy (2000), as cited by (Brown and Yucel 2008, 3) 
24

 The Mountain Region includes Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, and Wyoming 

and the New England Region includes Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and 

Vermont  
25

 The West-South Central region is defined to include Arkansas, Oklahoma, Louisiana and Texas 
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Natural Gas Prices by Region26 
Dollars per Thousand Cubic Feet       
  2008 2009 2010 
Wholesale/Spot       

 U.S. Average Wellhead 8 3.67 4.15 

 Henry Hub Spot Price 9.13 4.06 4.52 

Residential       

 New England 17.4 15.04 14.78 

 Middle Atlantic 16.22 14.83 13.46 

 East North Central 12.71 10.73 10.24 

 West North Central 12.11 10.34 9.91 

 South Atlantic 16.91 14.97 13.71 

 East South Central 14.9 13.19 11.33 

 West South Central 13.69 11.67 10.94 

 Mountain 11.24 10.4 9.63 

 Pacific 12.77 10.44 10.37 

  U.S. Average 13.9 12.12 11.18 

Commercial       

 New England 14.82 12.25 11.47 

 Middle Atlantic 13.34 10.97 10.15 

 East North Central 11.56 9.49 8.76 

 West North Central 10.79 8.6 8.28 

 South Atlantic 13.79 11.36 10.28 

 East South Central 13.43 11.27 9.51 

 West South Central 11.54 8.95 8.48 

 Mountain 9.98 8.91 8.29 

 Pacific 11.69 9.51 9.21 

  U.S. Average 12.22 10.02 9.14 

Industrial       

 New England 13.43 10.11 10.37 

 Middle Atlantic 12.32 9.36 9.6 

 East North Central 10.67 7.94 7.38 

 West North Central 9.27 6.07 6.01 

 South Atlantic 11.33 6.73 6.61 

 East South Central 10.6 6.61 6.06 

 West South Central 9.04 4.13 4.62 

 Mountain 9.41 7.4 6.72 

 Pacific 10.12 7.61 7.21 

  U.S. Average 9.65 5.33 5.4 

                                                 
 
26

 Table 5b of (Energy Information Administration 2011) 
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In addition to increased variability by region and increased overall volatility, a second 
observation made about natural gas price trends over the last couple of years has been their 
divergence from oil price trends.  The graph below demonstrates that in the beginning of 2009, 
the price of oil increased drastically, while the price of natural gas dropped.  
 

 
Source:  Energy Information Administration data, compiled by (Waller 2011) 

 
The current divergence in oil and natural gas prices is the largest observed between 1986 and 
2011 (Waller’s data spans from 1986-2011).  In Waller’s study, oil and natural gas price 
divergence is measured using the price ratio of one barrel of oil to 1,000 cubic feet of natural 
gas.27   
Historically, the average price ratio was 10.06; however, as of March 2011 the price ratio was 
26.37.28  Waller attributes this divergence to the instability in the Middle East, which drives up 

                                                 
 
27

 (Waller 2011) 
28

 (Waller 2011) 
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oil prices, and to advances in shale natural gas extraction technology, which has driven down the 
cost of producing natural gas and led to an increase in its supply.29 
 
A second explanation for the divergence between oil and natural gas prices is a decrease in 
liquefied natural gas (LNG) imports into the United States.  Villar and Joutz assert that LNG 
importation is one of the factors that causes natural gas and oil markets to be linked.30  This 
linkage is due to the fact that “most LNG contracts are indexed on oil prices.”31  LNG imports, 
however, have markedly decreased over the last few years.  According to the EIA, United States 
natural gas imports decreased by about 33% been 2007 and 2010.32  LNG comprises about 20% 
of natural gas imports and pipeline imports from Canada and Mexico make up the balance.33  
LNG imports fell 50% during this period, while pipeline imports fell only 28%.34  The EIA 
attributes this decline to an increase in domestic natural gas production from shale.   
 
It is worth noting that LNG only comprised 1.7% of U.S. natural gas consumption in 2010.35  Its 
price, however, is still likely to have influenced overall natural gas prices to an extent, 
specifically in situations where 90% or more of U.S. “effective productive capacity” is being 
utilized.36 The EIA defines the effective productive capacity as “the maximum production 
available from natural gas wells, allowing for limitations in the production, gathering and 
transportation systems.”37   Thus, when U.S. natural gas demand strains its effective productive 
capacity, the United States relies more heavily on imports, including LNG, to meet this demand.  
Under these circumstances, LNG prices likely influence the overall price of natural gas more 
than its small percentage of total natural gas consumption implies.   

Marcellus Shale    
The Marcellus Shale, part of which underlies Pennsylvania, is rapidly becoming one of the most 
important shale gas plays in the United States.  The Marcellus Shale is a low-density rock 
formation that contains a large amount of organic material.38 The United States Energy 
Information Administration’s most recent estimates place the Marcellus Shale fifth in the nation 
in terms of proven reserves, as seen in the table below.39   In percentage terms, the proven 
reserves in the Marcellus Shale increased 4300 percent from 2008 to 2009, more than any other 
shale play.  In absolute terms, Marcellus Shale experienced the third largest increase.     
 

                                                 
 
29

 (Waller 2011) 
30

 (Villar and Joutz 2006, 5) 
31

 Foss (2005) as cited by (Villar and Joutz 2006, 5) 
32

 (Energy Information Administration 2011) 
33

 (Energy Information Administration 2011) 
34

 (Energy Information Administration 2011) 
35

 (Energy Information Administration 2011) 
36

 (Pirog 2004, 2) 
37

 Energy Information Administration, as cited by (Pirog 2004, 6) 
38

 (Marcellus Shale-Appalachian Basin Natural Gas Play 2010) 
39

 (Energy Information Administration November 30, 2010) 
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Natural Gas Production and Proven Reserves from the Foremost US Shale Gas Plays 
(Billion Cubic Feet)40 

 
 
Overall, the United States government considers shale gas to be an extremely important domestic 
source of energy, as evidenced by its being part a strategy entitled “Develop and Secure 
America’s Energy Supplies,” one of President Obama’s three primary strategies outlined in his 
Blueprint for a Secure Energy Future.41  The increases in shale gas reserves between 2008 and 
2009 make up over 90% of the 28.8 trillion cubic foot (Tcf) increase in total natural gas reserves 
in the United States that was observed during that time period.42 As of November 30, 2010, 
proven wet natural gas reserves stood at 284 Tcf.43  Wet natural gas includes numerous gaseous 
and liquid hydrocarbons that are found in a crude oil solution or in permeable rock formations.44  
Notably, the EIA has not identified U.S. proven natural gas reserves of this size since 1971.45   
 
The most successful means of extracting natural gas from shale formations is through horizontal 
drilling (to intersect naturally occurring vertical fractures) and hydraulic fracturing (to create 
more fractures and access more pore spaces).46  Hydraulic fracturing involves “pumping fluid 
and a propping agent such as sand down the wellbore under high pressure to create fractures in 

                                                 
 
40

 Table 3 of (Energy Information Administration November 30, 2010) 

*The Energy Information Administration is a branch of the U.S. Department of Energy 
41

 (The White House 2011, 9) 
42

 (Energy Information Administration 2010) 
43

 (Energy Information Administration 2010) 
44

 The complete EIA definition of Wet Natural Gas is “a mixture of hydrocarbon compounds and small quantities of 

various non hydrocarbons existing in the gaseous phase or in solution with crude oil in porous rock formations at 

reservoir conditions. The principal hydrocarbons normally contained in the mixture are methane, ethane, propane, 

butane, and pentane. Typical nonhydrocarbon gases that may be present in reservoir natural gas are water vapor, 

carbon dioxide, hydrogen sulfide, nitrogen and trace amounts of helium. Under reservoir conditions, natural gas 

and its associated liquefiable portions occur either in a single gaseous phase in the reservoir or in solution with 

crude oil and are not distinguishable at the time as separate substances. Note: The Securities and Exchange 

Commission and the Financial Accounting Standards Board refer to this product as natural gas.” (Energy 

Information Administration n.d.) 
45

 (Energy Information Administration 2010) 
46

 (Marcellus Shale-Appalachian Basin Natural Gas Play 2010) 
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the hydrocarbon-bearing rock.”47  The propping agent, or proppant, keeps the fractures open, 
which allows the natural gas to escape up the wellbore.48  The fluid and proppant that is pumped 
into the wells is comprised of over 98% sand and water, but also contains chemical additives.49 
 
Shale gas extraction in Pennsylvania has accelerated rapidly over the last three years and while 
hydraulic fracturing, or other types of “formation stimulation,” is used in both vertical and 
horizontal Marcellus wells,50 horizontal wells are rapidly becoming the primary means of 
extracting natural gas.  The table below illustrates the rapid increase of both total wells and 
production.  The percentage of producing wells that are horizontal wells is also increasing, but 
not as fast as the percentage of total production from horizontal wells, which indicates that 
horizontal wells produce more gas per well than do vertical wells.    
 

Marcellus Shale Production in Pennsylvania 51    
  Producing Wells Production (Mcf) 

Time period Total % 

horizontal 

wells 

Total % production 

from horizontal 

wells 

January 2008 to December 2008 (1 year) 213 4.2% 9,800,000 4.0% 

January 2009 to December 2009 (1 year) 447 24.8% 62,700,000 39.8% 

July 2010 to December 2010 (6 months) 1,215 52.0% 271,800,000 83.2% 

 

Current Natural Gas Consumption and Pricing in New Jersey 
619,174 million cubic feet (MMcf) of natural gas were delivered to commercial, residential, 
industrial consumers, used in motor vehicles or used to generate electricity in New Jersey in 
2009.52  The following is a breakdown of these deliveries, by sector:   
 

Natural Gas Delivered to New Jersey Consumers in 200953 

Sector Million Cubic Feet Percent of Total 

Commercial                       180,404  29.14% 

Electrical Generation                       164,088  26.50% 

Industrial                          48,465  7.83% 

Residential                       226,016  36.50% 

Vehicle                                201  0.03% 

                                                 
 
47

 (New York State Department of Environmental Conservation Division of Mineral Resources 2009, 5-32) 
48

 (New York State Department of Environmental Conservation Division of Mineral Resources 2009, 5-32) 
49

 (Office of Fossil Energy, National Energy Technology Laboratory, United States Department of Energy 2009, ES-4) 
50

 (Pennsylvania Department of Environmental Protection n.d., 1) 
51 Numerous Pennsylvania DEP databases, accessed April 2011 at 
https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Production/ProductionHome.aspx, updated 
February 2011  
52

 (Energy Information Administration 2011) 
53

 (Energy Information Administration 2011) 
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Total                       619,174  100.00% 

 
The residential sector consumes the most natural gas in the State.  This is likely due to the fact 
that 67% of New Jersey households are heated using natural gas (19% use fuel oil and 10% use 
electricity).54  In 2009 (the last year for which data is available) natural gas was also the second 
largest electricity fuel source in New Jersey, generating 33.4% of the State’s electricity.55  Other 
major electricity generation fuel sources included nuclear fuel and coal, which generated 55.5% 
and 8.3% of the State’s electricity, respectively.56   
 
A much larger portion of New Jersey’s electricity is generated from natural gas than from coal, 
even though natural gas is usually more expensive than coal, as seen in the table below (2009 is 
the last year for which data is available).  However, according to the OECD’s Nuclear Energy 
Agency, gas-fired power plants are cheaper to construct relative to coal-fired and nuclear power 
plants.57  The operations and maintenance costs associated with gas-fired power plants are also 
“significantly lower than those of coal-fired or nuclear power plants.”58 
 

Price of Coal and Natural Gas Paid by the 
Electric Power Sector ($/MMBtu) 59 

Year Coal Natural Gas 
2003 1.8 6.21 
2004 2.05 6.91 
2005 2.18 9.55 
2006 2.73 7.79 
2007 2.89 7.9 
2008 3.33 10.45 
2009 4.01 5.16 

 
In 2010, residential, commercial and industrial natural gas consumers residing in New Jersey 
paid, $13.78 /000s ft^3, $10.11/000s ft^3 and $9.67/000s ft^3, respectively.60    These prices are 
all higher than the national average in every sector, as seen in the table below.  The New Jersey 
industrial sector, in particular, paid 44% more for natural gas in 2010 than did industries across 
the United States.   
 

                                                 
 
54

 (Energy Information Administration 2011) 
55

 (Energy Information Administration 2011) 
56

 (Energy Information Administration 2011) 
57

 (OECD Nuclear Energy Agency 2005, 14) 
58

 (OECD Nuclear Energy Agency 2005, 14) 
59

 (Energy Information Administration 2011) $/MMBtu = dollars per million Btu 
60

 (Energy Information Administration 2011)  Note:  The 2010 Annual residential price for natural gas in New Jersey 

was not available because data is missing for May and November.  The figure quoted is the average of the prices 

recorded for the other ten months.  The prices quoted for the commercial and industrial sectors are 2010 annual 

prices. 
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2010 Natural Gas Prices (dollars per thousand cubic feet): New Jersey and the 

National Average61     
Sector New Jersey National Average Percentage Difference 

Commercial 10.11 9.14 9.6% 

Industrial 9.67 5.4 44.2% 

Residential 13.78 11.18 18.9% 

Literature Review of Costs and Benefits of Shale Gas Production 

 
Numerous studies have assessed either the costs of shale gas production, in terms of water usage 
and environmental degradation, or the benefits of shale gas extraction in terms of economic 
stimulation and increased tax revenues or increased energy security.  Thus far, however, none of 
these studies have addressed the costs or benefits that New Jersey, specifically, may experience.     
 
The most comprehensive environmental impact assessment for natural gas extraction in the 
Marcellus Shale is the New York Department of Environmental Conservation’s Draft 
Supplemental Generic Environmental Impact Statement (DSGEIS).  Chapter 6 of this roughly 
800 page document assesses water usage and potential contamination, as well as the emission of 
criteria and non criteria air pollutants during all stages of production at Marcellus Shale well 
pads in New York.62  Other chapters explore possible seismicity impacts, well permitting 
processes and regulation, the production of greenhouse gases, the regulatory structures present in 
various states, and mitigation strategies that New York State can adopt to prevent environmental 
degradation.63  The DSGEIS did not compare the greenhouse gases emitted due to shale gas 
production, transportation and utilization, to greenhouse gases emitted from the production, 
transportation and utilization of other energy sources.64 
 
It is important to note that although this study is comprehensive, it also did not attempt to assess 
the formation of ozone produced from activities associated with Marcellus shale gas extraction.65  
Ozone is the pollutant of most potential concern to New Jersey.  The state already suffers from 
abnormally high levels of the pollutant, as will be explained shortly, and is downwind from many 
Pennsylvania drilling pads.  In November 2010, however, the Environ Corporation conducted the 

                                                 
 
61

 (Energy Information Administration 2011) Note:  The 2010 Annual residential price for natural gas in New Jersey 

was not available because data is missing for May and November.  The figure quoted is the average of the prices 

recorded for the other ten months, as calculated by the author of this report.  The prices quoted for the 

commercial and industrial sectors are 2010 annual prices.  The author is also responsible for the calculation of the 

percentage differences. 
62

 (New York State Department of Environmental Conservation Division of Mineral Resources 2009, ch. 6) 
63

 (New York State Department of Environmental Conservation Division of Mineral Resources 2009) 
64

 Please note:  The New York Department of Environmental Conservation just released a preliminary revised draft 

of the SGEIS on July 1, 2011.  I did not have time to add this draft to the literature review.   
65

 (New York State Department of Environmental Conservation Division of Mineral Resources 2009, 6-65) 
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first regional study assessing ozone increases due to shale gas extraction, but this study focused 
on natural gas extraction in the Haynesville Shale.66  

Despite its short-comings, the New York State Department of Environmental Conservation 
report is far more detailed than anything produced so far by the Pennsylvania Department of 
Environmental Protection (PADEP).  The PADEP has yet to conduct a comprehensive 
environmental assessment of shale gas extraction, or issue comprehensive recommendations for 
mitigating the negative environmental impacts of these activities, although it has “deployed pilot 
air emission monitoring networks throughout the State.”67  Last year the PADEP also adopted 
new regulations for wastewater treatment plants (WWTP) in the State that accept wastewater 
from hydraulic fracturing operations.68  These regulations include a standard of removal for 
various new pollutants, “including barium and strontium.”69  These regulations, however, exempt 
15 plants.70  On April 19, 2011, the New York Times reported that the PADEP is asking the 
natural gas industry to voluntarily avoid sending wastewater to plants that are exempt from the 
regulations.71     

Pennsylvania environmental groups have also published comprehensive environmental reviews 
and regulatory recommendations.  The Pennsylvania chapter of the Nature Conservancy, 
Audubon Pennsylvania and Western Pennsylvania Conservancy jointly published a report 
assessing how Marcellus shale gas extraction may impact the conservation of “forest, fresh water 
and rare species habitats.”72  The report found that forest habitats are likely to be degraded 
because “by 2030, a range of between 34,000 and 82,000 acres of forest cover could be cleared 
by new Marcellus gas development.”73  Fresh water habitats, such as areas in north central 
Pennsylvania that are home to the brook trout, are also likely to be threatened by Marcellus shale 
gas development.74  Finally, the report concluded that “nearly 40 percent of Pennsylvania’s 
globally rare and Pennsylvania threatened species can be found in areas with high potential for 
Marcellus gas development.”75  The Pennsylvania Environmental Council published a report 
containing recommendations for better regulation of the shale gas extraction process in 
Pennsylvania.76   

Reports that explore the economic benefits of shale gas extraction have also been published.  
Scholars from the Pennsylvania State University published a report in 2009 entitled An Emerging 
Giant:  Prospects and Economic Impacts of Developing the Marcellus Shale Natural Gas Play.  
In the report, Considine and his co-authors found that “the Marcellus gas industry in 
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 (Kemball-Cook, et al. 2010) 
67

 (Ubinger, et al. 2010, 33) 
68

 (R. Brown 2011) 
69

 (R. Brown 2011) 
70

 (R. Brown 2011) 
71

 (R. Brown 2011) 
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 (Johnson 2010, 4) 
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 (Johnson 2010, 6) 
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 (Johnson 2010, 6) 
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 (Johnson 2010, 7) 
76

 (Ubinger, et al. 2010) 
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Pennsylvania generated $2.3 billion in total value added, more than 29,000 jobs and $240 million 
in state and local taxes during 2008.”77  Due to the increased development of Marcellus shale gas 
in 2009, the authors projected that economic output would exceed $3.8 billion, tax revenues 
(total of state and local) would exceed $400 million and over 48,000 new jobs would be 
created.78  As seen in the table entitled “Marcellus Shale Production in Pennsylvania,” on page 
15, shale gas production over the last six month reporting period is higher than the entire year in 
2009.  Therefore, the economic benefits are likely to be even greater now than they were in 2009.  
Considine also composed a report for the American Petroleum Institute that assessed the 
economic impacts of shale gas extraction for New York and West Virginia, in addition to 
Pennsylvania.79   

An Assessment of Environmental Costs New Jersey is likely to Experience 

as a Result of Shale Gas Extraction in Pennsylvania 

 
The potential environmental costs New Jersey will experience due to shale gas extraction in 
Pennsylvania are the costs my teammates and I identified in our Nicholas School Masters Project 
for my client. No other environmental impact assessments for New Jersey have been conducted 
at this time.  We focused on three potential impacts: Delaware River drawdown, Delaware River 
contamination and New Jersey air quality degradation.   
 
We concentrated on Delaware River drawdown and contamination because, according to the 
New Jersey Division of Watershed Management, as of 2000 the Delaware River provided 
drinking water for more than 15 million individuals.80  These include residents of northeastern 
New Jersey as well as individuals residing in New Jersey Critical Area 2 (southwestern New 
Jersey), who in 1996 began reducing their reliance on the depleted Potomac-Raritan-Magothy 
Aquifer through consumption of Delaware River water.81  The Delaware Riverkeeper Network, 
an environmental non-profit organization, places the number of New Jersey residents who 
depend on the Delaware for drinking water at 2.9 million.82  Three to nine million gallons of 
water, in addition to the proppant and chemicals, must be pumped into each well to induce 
hydraulic fracturing.83 The entire drilling and fracturing process usually takes between four and 
eight weeks.84  Wells typically produce natural gas for about twenty years, but may need to be 
re-fractured after five or ten years of operation.85  
 

                                                 
 
77

 (T. e. Considine 2009, ii) 
78

 (T. e. Considine 2009, ii) 
79

 (T. J. Considine 2010) 
80

 (New Jersey Department of Environmental Protection, Division of Watershed Management 2010) 
81

 (Delaware River Basin Commission 2008, 9, 13) 
82

 (Delaware Riverkeeper n.d., 1) 
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 (New York City Department of Environmental Protection 2009, 37) 
84

 (New York City Department of Environmental Protection 2009, 10) 
85

 (New York City Department of Environmental Protection 2009, 10) 
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The water used in the fracturing process will most likely come from nearby surface water 
sources.  Chesapeake Energy, a company currently operating in the Marcellus Shale region, 
notes that water used in the drilling process comes from “rivers, creeks and lakes,” however, the 
exact combination of water sources utilized at a given location “depends on the region and the 
availability of sources near drilling sites.”86  The Delaware River and its tributaries are water 
resources near drilling sites in the Delaware River Basin.  The Delaware River Basin 
Commission has already approved a request from Stone Energy to withdraw water from a 
Delaware River tributary for use in shale gas extraction.87  We wanted to model a “worst case 
scenario” and therefore, assumed that all of the water used in the drilling process would be 
drawn from the Delaware River or its tributaries.  We also did not take any waste water recycling 
into account.   
 
Despite these assumptions, we found that the Delaware River drawdown will be miniscule and 
that potential Delaware River contamination is likely to be minimal, even in the case of large 
spills.  Our analysis, however, only included a small number of wells and did not examine the 
fracking fluid that waste water treatment plants are currently treating.   
 
We also examined potential New Jersey air quality degradation due to ozone produced during the 
shale gas production process because ozone is New Jersey’s most problematic air pollutant.  The 
current report will only focus on ways to mitigate ozone pollution because numerous 
organizations, such as the Delaware RiverKeeper Network, the New Jersey chapter of the Sierra 
Club and the Delaware River Basin Commission, are already working to ensure that the 
Delaware River and its tributaries do not become polluted or depleted as a result of shale gas 
extraction.  
 
Ozone is New Jersey’s most problematic pollutant because the United States Environmental 
Protection Agency (EPA) considers the entire state of New Jersey to be a moderate 8-hour ozone 
non-attainment area.88  Moderate 8-hour non-attainment areas have a design value between 0.092 
parts per million (ppm) and 0.106 ppm.89  This range is well above the EPA’s ozone standard of 
0.075 ppm, which it instituted in order to protect public health.90  The design value is defined as 
the three year average of “the fourth highest daily maximum 8-hour average [ozone] 
concentration recorded each year.”91   
 
Ground level ozone production during shale gas extraction may lead to further air quality 
degradation in New Jersey.  Ground level ozone is produced when the toxic and volatile organic 
compounds, as well as fugitive natural gas, “mix with nitrogen oxides from the exhaust of diesel-

                                                 
 
86

 (Chesapeake Energy 2010, 2) 
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 (Delaware River Basin Commission 2010) 
88

 (New Jersey Department of Environmental Protection 2008, Ozone 10) 
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 (New Jersey Department of Environmental Protection 2008, ozone 10) 
90

 (New Jersey Department of Environmental Protection 2008, ozone 3) 
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 (New Jersey Department of Environmental Protection 2008, Ozone 10) 
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fueled, mobile and stationary equipment.”92  Ozone and its precursor pollutants can be 
transported “into an area from sources hundreds of miles away.”93   
 
There are also numerous health effects associated with exposure to ozone including premature 
lung aging and, with extended exposure, asthma and chronic obstructive pulmonary diseases.94  
Children and individuals who spend time outdoors, in addition to the aged are particularly 
vulnerable groups.95    
 
As noted earlier, the Environ International Corporation recently completed the first regional air 
quality impact analysis of shale gas extraction.96  The analysis predicted regional ozone impacts 
of drilling in the Haynesville Shale, which for the sake of the study, was defined to underlie 
eleven counties in Texas and Louisiana.97 In the model, Environ International Corporation used 
High and Low drilling scenarios for the year 2012 of 1,568 and 2,181 wells, respectively.98  The 
total production in the Haynesville Shale was about 1,677 billion cubic feet under the 2012 Low 
Scenario and 4,000 billion cubic feet under the 2012 High Scenario.99  The results were reported 
in terms of average and maximum 8 hour ozone level increases in areas surrounding the natural 
gas extraction activities.   
 
I used the results of this study to extrapolate the ozone increases that will be observed in New 
Jersey as a result of shale gas extraction in Pennsylvania.  Given the largely localized increases 
in ozone concentration due to shale gas drilling, I decided to only compare the extraction rates in 
northeastern Pennsylvania to the extraction rates used in the Haynesville Shale simulation.   As 
seen in the map below, Northeastern Pennsylvania is one of the two areas of the Pennsylvania 
Marcellus Shale that is being heavily exploited. 100   It is much closer than the other area, located 
in the Southwestern corner of Pennsylvania.  The distance between Pittsburgh and Camden 
(directly across the river from Philadelphia), for instance, is 260 miles.101  Conversely, the 
distance between Elmira, New York (just over Pennsylvania’s northern border, as seen in the 
map below) and Worthington, NJ (located on the Delaware River, due east of East Stroudsburg, 
PA) is only 117 miles and the distance between Williamsport, PA and Newark, NJ is 152 
miles.102    
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 The Colorado Department of Public Health and Environment, 2007, among other sources as cited by (Colborn, et 
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 (Colborn, et al. 2010, 5) 
95

 Islam et al. 2007, Tager et al. 2005 and Triche et al. 2006, as cited by (Colborn, et al. 2010, 5) 
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 Estimated using the chart found at (Susan Kemball-Cook 2010, 19) 
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Natural Gas Production in Northeastern PA

Natural Gas Production in northeastern Pennsylvania (the area inside the box) constitutes 2/3 of all shale gas 

 
I used the map of Pennsylvania found in Appendix 1
boxed off region. The current natural gas production occurring in each of these counties is 
detailed below.  
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Natural Gas Production in Northeastern PA103  

Natural Gas Production in northeastern Pennsylvania (the area inside the box) constitutes 2/3 of all shale gas 
production in the State. 

nia found in Appendix 1 to determine which counties lie within the 
boxed off region. The current natural gas production occurring in each of these counties is 

Natural Gas Production in northeastern Pennsylvania (the area inside the box) constitutes 2/3 of all shale gas 

to determine which counties lie within the 
boxed off region. The current natural gas production occurring in each of these counties is 
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Marcellus Natural Gas Production in Northeast Pennsylvania104 
County Active  

Wells 
Producing 

Wells 
Production (Mcf, July - 

December 2010) 
Estimated Annual 

production 
(Mcf)105 

Area 
(square 
miles) 

Bradford 1344 169 65,814,714 131,629,428 1,161 
Clinton 18 12 1,032,768 2,065,536 888 
Lycoming 248 37 11,502,520 23,005,040 1244 
Sullivan 93 0 0 0 452 
Susquehanna 337 109 60,812,632 121,625,263 832 
Tioga 382 128 37,062,332 74,124,665 1137 
Wyoming 87 4 3,176,864 6,353,728 405 
Total 2,509 459 179,401,830 358,803,660 6,119 

County-Specific production levels in the Northeastern Pennsylvania.  Estimated annual production was obtained by 
multiplying the July-December 2010 production by 2.  I am assuming the rate of production will remain the same.  
 
As seen in the table on the following page, the estimated annual production in Northeastern 
Pennsylvania is over four times lower than the Low Scenario for Haynesville shale in 2012 and 
is ten times lower than the High Scenario for Haynesville shale in 2012.106  The producing wells 
in Northeastern Pennsylvania are also much more spaced out than either the Low or High 
Scenarios in the study, as seen in the column entitled “Producing Wells Per Square Mile.” 
 
However, there are about 2,500 active Marcellus shale wells in Northeastern Pennsylvania.  
According to the PADEP Data Dictionary, active wells are wells that are producing gas.  These 
wells may not be fully constructed (as was often noted in the comments section of wells that 
were classified as “active” in the PADEP data.)  Producing wells are a subset of active wells that 
have produced reported quantities of gas.107  If all of the active wells begin producing sizeable 
quantities of gas, the wells per square mile in Northeastern PA would increase substantially.  The 
density of drilling operations in Northeastern Pennsylvania will then be over twice as high as that 
seen in the Low 2012 Scenario for Haynesville Shale and almost twice as high as the High 2012 
Scenario for Haynesville Shale.  However, the associated production level, assuming the 
production per well remains the same, would only be about half the High Scenario for 
Haynesville in 2012 (1,961,000,000 Mcf).         

                                                 
 
104 Pennsylvania DEP County Marcellus Shale Gas Production Databases, accessed April 2011 at 

https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Production/ProductionHome.aspx, 

February 2011  
105

 I assumed the rate of natural gas production would remain the same and doubled the 6 month production 

number. 
106

 Haynesville production scenarios were estimated using the chart found at (Susan Kemball-Cook 2010, 19), I 

calculated the NE PA annual production scenario (July 2010-July 2011) by doubling the latest 6 month production 

figure (July 2010-January 2010),  which I calculated using data from the  Pennsylvania DEP County Marcellus Shale 

Gas Production Databases, accessed April 2011 at 

https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Production/ProductionHome.aspx, 

February 2011 
107

 (Pennsylvania Department of Environmental Protection 2011) 
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Comparison of Northeast PA production and Hayneville Shale 2012 Production 
Scenarios 

  

Total 
Production 
(Mcf)108 

Annual 
Production per 
well (Mcf)109 

Producing Wells 
110 

Producing 
wells per 
square 
mile111 

active 
wells 
per 

square 
mile112 

Northeast PA 
(July 2010-
July 2011) 358,803,660               781,707  

                           
459  0.08 0.41 

Haynesville 
2012 Low 
Scenario 1,677,000,000           1,069,515  

                        
1,568 0.17 0.17 

Haynesville 
2012 High 
Scenario 4,000,000,000           1,834,021  

                         
2,181 0.24 0.24 

 This table compares yearly production and production density in Northeastern PA to the High and Low Scenarios 
for 2012 in the Haynesville shale. MCF = Thousand Cubic Feet   
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 Haynesville production scenarios were estimated using the chart found in the Kemball-Cook et al. 

supplementary material (Susan Kemball-Cook 2010, 19), I calculated the NE PA annual production scenario (July 

2010-July 2011) by doubling the latest 6 month production figure (July 2010-January 2010).  I calculated the 6 

months total production using data from the  Pennsylvania DEP County Marcellus Shale Gas Production Databases, 

accessed April 2011 at 

https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Production/ProductionHome.aspx, 

February 2011 
109

 For NE PA, I divided the total projected annual production by the number of producing wells in NE PA, which I 

calculated using data from the Pennsylvania DEP County Marcellus Shale Gas Production Databases, accessed April 

2011 at https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Production/ProductionHome.aspx, 

February 2011.  For the Haynesville production per well figures, I divided the Haynesville production scenarios by 

the total number of active wells in each scenario, found at (Kemball-Cook, et al. 2010, 9358) 
110

 Producing wells in the Haynesville Scenarios were retrieved from (Kemball-Cook, et al. 2010, 9358).  I calculated 

the number of producing wells in NE PA  using data from the  Pennsylvania DEP County Marcellus Shale Gas 

Production Databases, accessed April 2011 at 

https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Production/ProductionHome.aspx, 
111

 The 11 counties that constitute the Haynesville Shale, as defined by Kemball-Cook, cover an area of 9,097 

square miles.  The 7 counties in NE PA collectively cover an area of 6,119 square miles.  I divided the number of 

producing wells by the square miles in each case to derive the producing wells per square mile. 
112

 According to the PADEP Data Dictionary, active wells are wells that are producing gas.  These wells may not be 

fully constructed (this was often noted in the comments section of wells that were classified as “active” in the PA 

DEP data).  Producing wells are a subset of active wells that have produced reported quantities of gas.  I divided 

the total number of active wells in NE PA (calculated using Pennsylvania DEP County Marcellus Shale Gas 

Production Databases, accessed April 2011 at 

https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Production/ProductionHome.aspx, 

February 2011.) and divided this by the total square miles of the counties.  The Kemball-Cook study for the 

Haynesville shale never made a distinction between active and producing wells.  I assumed all active wells were 

producing wells.   
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According to the CAMx model used in the Haynesville study, average daily maximum ozone 
concentrations under the Low 2012 Scenario remain increased by 2 parts per billion (ppb) 
approximately 60 miles north of the most intense drilling activity (The area with the highest 
ozone concentration was assumed to also be the area where the most intense drilling activity is 
taking place).  The maximum ozone increase in the Low 2012 scenario is substantially higher 
than the average increase (8.9 ppb vs. 3.8 ppb), but the impacts are still fairly localized (4 ppb up 
to approximately 60 miles away).  There is, however, a 1 ppb increase in eight hour daily ozone 
levels in Dallas, 208 miles away.  Intuitively speaking, one would predict that the ozone 
production in Northeastern Pennsylvania is not spreading this far because currently, both 
production per well and the number of wells per square mile are significantly lower than the 
Haynesville Low Scenario.   

 
One can also demonstrate this mathematically if one assumes that the distance ozone spreads at a 
given concentration (from the area of highest concentration) is contingent upon both the number 
of natural gas wells per square mile and the production per well.  The various concentrations 
observed in the CAMx model output and the distance ozone spread at a given concentration from 
Hall Summit (the area where the model predicted the highest ozone increases would occur), is 
summarized in the table below. 
 

Distance over which Ozone of Various Concentrations will Spread 
Scenario Ozone 

Increase 
(ppb) 

Distance 
from Hall 
Summit 
(miles) 

Calculated 
Distance Ozone 
will travel in 
the NE 
Pennsylvania 
this year 

Calculated 
Distance (miles) 
Ozone will travel 
if all active wells 
become producing 
wells 

Haynesville High, 
Average  4 60 8.52 43.69 

Haynesville Low, Average  2 60 20.64 105.77 
Haynesville High, 
Maximum  6 to 8 116 16.48 84.46 
Haynesville High 
Maximum  3 275 39.07 200.24 
Haynesville Low, 
Maximum  1 208 71.54 366.65 

The table summarizes calculated distances over which ozone of a given concentration will travel due to natural gas 
extraction in NE Pennsylvania this year and in the future.  There are two types of ozone concentration increases:  
average concentration increases and maximum concentration increases.  Distances are calculated using the ratios 
of wells per square mile and production per well.   
 
The average distance ozone, at a given concentration, is likely to travel due to natural gas 
production in Northeastern Pennsylvania was calculated by multiplying all distances by the ratio 
of wells per square mile and by the ratio of production per well.  Ratios were dependent upon the 
Haynesville Scenario from which the ozone increase was taken.  For instance, the distance over 
which average daily maximum eight hour ozone levels will increase by 2 ppb in Northeastern 
Pennsylvania this year is:  60 * ((0.08wells/mile^2)/(0.17wells/mile^2)) * 
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(781,707Mcf/1,069,515Mcf) = 20.64 miles.  The production per well and number of wells from 
the Haynesville Low scenario were used in this calculation because the 2 ppb increase over 60 
miles came from the Haynesville Low Scenario.  This is also an average increase over 20.64 
miles (as opposed to a maximum increase in daily maximum eight hour ozone) because a 2ppb 
increase over 60 miles was recorded in an average daily maximum increase scenario.  My 
calculations, as summarized in the table above, demonstrate that the maximum distance ozone 
will travel in northeastern Pennsylvania this year will be 71 miles (areas 71 miles away will only 
see an increase of 1 ppb).   As seen in the table above, if one assumes that all active wells begin 
producing as much natural gas, on average, as currently producing wells, the distance ozone at 
higher concentrations travels will increase substantially.113   
 
It is not farfetched to assume all active wells will soon produce as much natural gas, on average, 
as currently producing wells.  The northeastern corner of Pennsylvania houses the thickest 
natural gas deposits in the State, which are represented by the higher isobars in the map below.114  
Furthermore, energy experts “in government, industry and research organizations” believe that 
up to 60,000 wells may be drilled in the Pennsylvania Marcellus Shale by 2030.115  Therefore, if 
these currently active wells fail to provide large yields, many more are still likely to be drilled in 
the vicinity.     
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 In order to calculate these new distances I held production per well constant and changed the wells per square 

mile to 0.41.  See the table on page 47 for an in-depth explanation of my wells per mile calculations.   
114

 (T. e. Considine 2009, 5) 
115
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The Variation in Thickness of Natural Gas Deposits116 

 
The Marcellus Shale that underlies Northeastern PA has the thickest gas bearing                                              
layers in the State, and is therefore likely to be one of the most heavily exploited areas.  

 
 

New Jersey is also likely to experience larger air quality impacts if wells are drilled closer to the 
New Jersey-Pennsylvania border.  As noted earlier, when conducting my analysis I only took 
currently producing and active wells in Northeastern Pennsylvania into account.  Most of these 
wells are not located in the counties that border New Jersey.  
 

Shale Gas Extraction and Potential Increases in New Jersey Ozone Levels:  

Summary of Previous Findings 

 
The table below summarizes the average and maximum distances that ozone of different 
concentration increases will travel due to current and projected natural gas production rates in 
Northeastern Pennsylvania.  
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 (T. e. Considine 2009, 5) 
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Summary of Distances Ozone will Travel 
Ozone 

Increase 
(ppb) 

Average 
or 

Maximum 
Ozone 

Increase 

Distance (miles) 
ozone will travel 
due to shale gas 
production in NE 
Pennsylvania this 
year 

Distance (miles) ozone 
will travel if all active 
wells become producing 
wells 

4 Average 8.52 43.69 

2 Average 20.64 105.77 

6 to 8  Maximum 16.48 84.46 

3 Maximum 39.07 200.24 

1 Maximum 71.54 366.65 
        This Table summarizes the distance over which ozone of a given concentration increase will travel.   
 
According to my calculations, under current production conditions no ozone produced during 
shale gas extraction in Northeastern Pennsylvania is likely to reach New Jersey on an average 
day.  On an average day, ozone at the concentration of 2 ppb will travel 20.64 miles.  Scranton, 
one of the cities located on the eastern edge of the gas production zone, is 41 miles from the 
closest city in New Jersey (Worthington, directly across the Delaware River from East 
Stroudsburg, PA), as seen in the table below.  The cities of Chester, Flemington and Ramapo are 
included in the table because they are all located in Northwestern New Jersey and all are home to 
ozone monitoring stations.  Newark is included because it is the metropolitan area most likely to 
be affected and Worthington is included because it is on the Pennsylvania border.           

 
Distance between Cities in or near Northeastern PA and Cities in NJ 

    Cities in New Jersey 

    Chester Flemington Newark Ramapo Worthington 
Cities in or 

near 
Northeast 

PA 

Elmira, NY 142 149 166 153 117 
Scranton, PA 66 75 91 81 41 
Williamsport, 
PA 

125 123 152 148 101 

This table summarizes the distance between various cities in or near Northeastern   
Pennsylvania and cities in New Jersey117.   

 
If all active wells in Northeastern Pennsylvania become producing wells, Worthington may see 
an average ozone increase of 4 ppb at most.  A 2 ppb average increase will spread for 105 miles, 
and could conceivably reach all of these New Jersey cities, especially if wells become active near 
Scranton, PA, which is closer to New Jersey than the other two locations.  A maximum ozone 
increase of 6 to 8 ppb may also be observed in Chester, Flemington, and Worthington, again if 
most future natural gas development occurs close to Scranton.      
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 I calculated all distances using the Flight Distance function of Travelmath.com. 



 
 

Although these ozone increases 
quality because ozone levels throughout the State of New Jersey
EPA’s standard.  For instance, d
ppm) were recorded at Northwestern and North Central New Jersey monitoring stations (Chester, 
Flemington and Ramapo).118  Although these values are lower than the State wide range
ppb to 106 ppb, they still exceed the EPA standard
 
Shale gas drilling in Northeastern Pennsylvania, however, should only affect New Jersey air 
quality in the winter due to a shift in prevailing winds.  New Jersey typically experiences 
southwesterly prevailing winds, except in the winter when they come out of the northwest, as 
seen in the map below. 119120  

Prevailing Winds in the Winter

Prevailing winds are only from the northwest in the winter.  Consequently, New Jersey should only experience 
increased ozone levels in the winter and not in the spring, summer and fall.   
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An Assessment of the Benefits New Jersey is Likely to Experience as a 

Result of Pennsylvania Shale Gas Extraction 

 
This section includes an analysis of both economic and environmental benefits that New Jersey 
may realize as a result of increased shale gas extraction in Pennsylvania.  Specifically, I will 
focus on how Pennsylvania Marcellus Shale gas extraction is likely to affect natural gas prices in 
New Jersey and which of New Jersey’s economic sectors are likely to benefit most from reduced 
natural gas prices.  I will also analyze the potential environmental benefits that may be realized 
by replacing coal-fired electricity generation with electricity generated from natural gas and 
replacing home furnaces powered by heating oil with natural gas furnaces.   

The Marcellus Shale and Natural Gas Prices 

Natural gas bills in New Jersey are determined by three factors: the wholesale price of natural 
gas, the cost of distribution to end-users, and the cost of state and federal policies.121  The 
wholesale price of natural gas is dictated by “market forces” such as production costs and overall 
demand for and supply of natural gas.122  In New Jersey, the “wholesale Basic Gas Supply 
Service” component of natural gas bills also includes the cost of transporting gas to New Jersey 
via interstate pipelines.123  The cost of distribution reflects the cost of transporting the natural gas 
from an interstate pipeline running through New Jersey to the end user.124  Finally, state and 
federal policies such as “deregulation, taxes and efficiency programs” also influence prices.125  
For both residential consumers and “small general services” consumers, the wholesale price of 
natural gas accounts for 57% and 61% of the price they pay, respectively.126  The cost of 
distribution accounts for 29% of the prices paid by residential consumers and 24% of the prices 
paid by small general services consumers.127  State and Federal policies have the least impact on 
retail natural gas prices in New Jersey and account for only 13% of the price paid by residential 
consumers and 15% of the price paid by small general services consumers.128   
 
Pennsylvania Marcellus shale gas production is likely to stabilize the wholesale price of natural 
gas that enters New Jersey because increased natural gas production helps keep the United 
States’ “effective capacity utilization rate” (ECUR)129 below 90%.  This is important for price 
stability because The Congressional Research Service (CRS) found that there is a correlation 
between high ECURs (90% or above) and natural gas price and volatility increases.130  As noted 
above, wholesale natural gas prices comprise the bulk of the natural gas prices paid by 
consumers in New Jersey.   
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There is also a chance that natural gas production in the Marcellus Shale will cause New Jersey 
natural gas prices to fall.  The increases in domestic natural gas production that occurred in 2002 
caused the ECUR to drop below 90% and consequently, natural gas prices fell.131  Therefore, 
natural gas prices that New Jersey consumers face may fall as a result of increased production in 
the Marcellus Shale if the current ECUR is above 90%.   Natural gas prices may also fall as a 
result of reduced interstate transit costs, which comprise a portion of the wholesale natural gas 
costs New Jersey consumers experience.  Currently, “most natural gas used in New Jersey is 
sourced from offshore and onshore production facilities in the Gulf Coast and transported by 
pipeline directly to New Jersey, or indirectly via major underground storage facilities in 
Pennsylvania along the pipeline routes.”132  However, New Jersey’s access to Pennsylvania 
natural gas increased in 2009 due to the completion of the Transco Sentinel Phase II project 
which connected two pipelines that run through Pennsylvania to New Jersey markets.133   In the 
future, if more natural gas comes directly from Pennsylvania instead of from the Gulf Coast, 
interstate transit costs are likely to decline.    The Christie Administration also believes that New 
Jersey wholesale natural gas prices will fall as the supply of Pennsylvania Marcellus Shale gas 
that enters New Jersey markets increases.134 
 
According to an energy expert at the Energy Information Administration with whom I spoke in 
May, no studies that analyze the role shale gas production plays in suppressing regional or 
national natural gas prices have been published to date.135  She noted that the EIA is currently 
working on such a report and that it will hopefully be published sometime this summer.  To date, 
I have not seen such a report on the EIA’s website.  However, the analysis above suggests that 
natural gas production in the Marcellus Shale is likely to stabilize or reduce natural gas prices 
paid by New Jersey consumers in the years to come.       
 
In terms of interstate pipeline mileage, natural gas is also fairly accessible in New Jersey relative 
to other states in the northeast.   Consequently, New Jersey can more easily take advantage of the 
new local source of natural gas.  As seen below, in 2008, New Jersey had 0.17 miles of natural 
gas pipeline per square mile, second only to Pennsylvania in the region.  In terms of the number 
of the people served per mile of pipeline, however, New Jersey is ranked 9th of 14, with each 
mile of pipeline in the State serving 5,729 people.     
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Natural Gas Pipeline Mileage in the Northeastern States
136 

State Pipeline 

Mileage (as 

of 2008) 

Area (square 

miles) 
Population 

(6.1.2009) 
pipeline 

length 

per 

square 

mile 

(miles) 

people per 

mile of 

pipeline 

Connecticut             628                5,543  3,518,288 0.11              5,602  

Delaware             280                2,490  885,122 0.11              3,161  

Maine             609              35,385  1,318,301 0.02              2,165  

Maryland / District of Columbia          1,022              12,475  6,299,135 0.08              6,164  

Massachusetts             972              10,555  6,593,587 0.09              6,784  

New Hampshire             291                9,304  1,324,575 0.03              4,552  

New Jersey          1,520                8,721  8,707,739 0.17              5,729  

New York          5,018              54,556  19,541,453 0.09              3,894  

Pennsylvania          8,680              46,055  12,604,767 0.19              1,452  

Rhode Island             100                1,214  1,053,209 0.08            10,532  

Vermont                71                9,620  621,760 0.01              8,757  

Virginia          2,577              42,774  7,882,590 0.06              3,059  

West Virginia          3,758              24,230  1,819,777 0.16                  484  

 

Length of pipeline per square mile and the number of individuals per mile of pipeline are both 
used to estimate how accessible natural gas is in New Jersey, relative to other states.  These 
measurements, however, are an imperfect proxy for natural gas accessibility because pipeline 
laid by local distribution companies is excluded and because the diameter of the pipelines, and 
thus their capacity, varies, but is not specified in the mileage statistics.137  
 

Economic Benefits by Sector 

All New Jersey sectors that currently rely on natural gas will benefit from the stabilized and/or 
reduced natural gas prices that are likely to be the result of increased Pennsylvania shale gas 
extraction.  The commercial and residential sectors, in particular, are likely to benefit the most 
because they comprise 29.14% and 36.50% of New Jersey natural gas consumption, respectively. 

138  (Please refer to the section entitled “Current Natural gas Consumption and Pricing in New 
Jersey” for a complete breakdown of New Jersey natural gas consumption by sector.)    Natural 
gas prices are also 9.6% higher than the national average in the commercial sector and 18.9% 
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 (Energy Information Administration n.d.)  Note:  pipeline length per square mile and the number of people per 

mile of pipeline are my calculations.  
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higher than the national average in the residential sector. 139  Thus, if New Jersey natural gas 
prices fall more than the national average, they may provide an incentive for businesses and 
individuals to relocate to New Jersey, especially given the fact that most New Jersey businesses 
cite energy costs as the second highest overhead cost, after labor.140  New Jersey’s Industrial 
Sector, defined as “an energy-consuming sector that consists of all facilities and equipment used 
for producing, processing, or assembling goods,”141 is likely to reap the smallest benefit because 
it is only responsible for 7.83% of the natural gas consumption in New Jersey and the prices it 
pays for natural gas are 44.2% higher than the national average.  However, even a small 
reduction in New Jersey’s industrial sector natural gas prices should help alleviate this current 
energy disincentive to locate to New Jersey.   
 
The EIA defines the commercial sector as “an energy-consuming sector that consists of service-
providing facilities and equipment of businesses; Federal, State, and local governments; and 
other private and public organizations, such as religious, social, or fraternal groups.”142  Using 
this definition and New Jersey Department of Labor and Workforce Development data on gross 
domestic product for New Jersey by industry, I found that the commercial sector comprised 82% 
of New Jersey’s GDP in 2008.143  (Please see Appendix 2 for a more detailed explanation of my 
calculations.)  Thus, stabilized or reduced natural gas prices are likely to have a substantial, 
positive impact on New Jersey’s economy. 
 
The EIA’s definition of the residential sector is “an energy-consuming sector that consists of 
living quarters for private households.”144   As noted earlier, 67% of New Jersey households are 
heated using natural gas (19% use fuel oil and 10% use electricity).145  The residential sector is 
poised to benefit from stabilized or decreased natural gas prices both because of this high 
dependency and because residents are likely to substitute natural gas for other heating fuels, 
particularly heating oil. This substitution is likely to occur because of the recent divergence of oil 
and natural gas prices, discussed in the Background section entitled “Overview of Natural Gas 
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recorded for the other ten months, as calculated by the author of this report.  The prices quoted for the 

commercial and industrial sectors are 2010 annual prices.  The author is also responsible for the calculation of the 

percentage differences. 
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Markets in the United States.”  The State of New Jersey also recognizes the potential benefits of 
this substitution and would like to build more in-state pipelines to facilitate it.146    
 
To determine where pipelines should be built, I used data from the U.S. Census Bureau to 
identify the New Jersey counties that are most reliant on home heating oil.147  I measured each 
county’s “reliance” in terms of the actual number of households, the percentage of total 
households and the number of households per square mile that use home heating oil.  The table 
below summarizes the results of my analysis.  The largest number of households (43,915) that 
rely on heating oil are located in Morris County, however, these households only constitute 24% 
of all Morris County households.  53% of households in Sussex County use home heating oil.  
However, the actual number of households in Sussex county that rely on home heating oil is only 
32,457.   Hudson County has the highest density of home heating oil users, by far, with 560 
households that use home heating oil per square mile.  Conversely, Morris County only has 94 
households per square mile and Sussex County only has 62 households per square mile that rely 
on home heating oil.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

                                                 
 
146

 (The State of New Jersey 2011, 72, 94) 
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Heating Fuel” statistic had to be researched individually.   
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New Jersey Reliance on Home Heating Oil by County148 

 
 
In order to facilitate the substitution of natural gas for home heating oil, it would make sense for 
New Jersey to build pipelines in counties that have the highest number of heating oil users per 
square mile.  This would encourage the most conversions per mile of pipeline laid.  Therefore, 
new pipeline should be built into Hudson and Essex Counties, which as seen in the map below, 
conveniently border each other.  It may also make sense, however, to build pipeline in Morris 
and Sussex Counties.  These counties have some of the highest total number of households that 
use home heating oil and are also likely to experience air quality degradation as Marcellus Shale 
gas extraction in northeastern Pennsylvania increases.  Thus, reducing home heating costs could 
be a way of off-setting increased air pollution.  
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 (U.S. Census Bureau 2009)  Please note:  This is the citation for one of the county pages.  Each county’s “House 

Heating Fuel” statistic had to be researched individually.   

County Housing Units 

that use 

Heating Oil 

(2005-2009)

Total 

Number of 

Housing 

Units (2009)

Square 

Miles

Percentage of 

Housing Units 

that use 

Heating Oil

Households 

that use 

heating oil 

per square 

Atlantic 13,031                127,768         561.07      10% 23

Bergen 36,529                351,463         234.17      10% 156

Burlington 23,368                176,023         804.57      13% 29

Camden 22,898                206,985         222.30      11% 103

Cape May 4,292                  102,614         255.19      4% 17

Cumberland 17,071                56,095            489.30      30% 35

Essex 43,893                312,821         126.30      14% 348

Gloucester 17,741                107,916         324.72      16% 55

Hudson 26,152                259,674         46.69        10% 560

Hunterdon 18,955                49,056            429.94      39% 44

Mercer 17,388                141,162         225.93      12% 77

Middlesex 22,958                288,978         309.72      8% 74

Monmouth 21,535                257,734         472.94      8% 46

Morris 43,915                185,544         468.99      24% 94

Ocean 20,263                275,755         636.28      7% 32

Passaic 16,621                172,396         185.29      10% 90

Salem 10,082                27,766            337.88      36% 30

Somerset 10,808                122,401         304.69      9% 35

Sussex 32,457                60,878            521.26      53% 62

Union 26,409                197,781         103.29      13% 256

Warren 17,642                45,643            357.87      39% 49

Total 464,008             3,526,453      7,418        13% 63



36 
 
 

Map of New Jersey149 

 

 

 

Environmental Benefits 

In general, shale gas will enable the United States to lower its greenhouse gas emissions because 
natural gas generates less carbon dioxide per kilowatt hour (or other unit of energy generated) 
than oil or coal.150  In New Jersey’s case, the state will realize environmental benefits from 
Pennsylvania’s increased shale gas extraction when this extraction facilitates the substitution of 
natural gas for home heating oil and natural gas for coal in electricity generation.  The Table 
below summarizes the different rates of carbon dioxide, NOx and particulate matter pollution 
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emitted from a typical central heating system.  All emissions rates were calculated using the 
average efficiencies of oil or natural gas heating systems, noted below.    
     

Home Heating Emissions Comparison 
    Emission rate (lbs/MMBtu) 
Fuel Typical Efficiency of Central 

Heating System151 
Carbon 
Dioxide152 

Nitrogen Oxides 
(NOx)153 

Particulate 
Matter154 

Heating Oil 80% 216 0.163 0.004 
Natural Gas 85% 140 0.011 Negligible  
 
Natural gas, when used in a typical home heating system, emits less carbon dioxide, NOx and 
particulate matter than heating oil.  The most drastic reduction is the difference in NOx 
emissions.  NOx emissions from heating systems burning natural gas are over fourteen times 
lower than NOx emissions from heating systems burning heating oil. This reduction is especially 
notable because nitrogen oxides are a precursor to ground level ozone.  Consequently, if heating 
oil is replaced with natural gas in New Jersey homes, particularly homes in northwestern New 
Jersey, the increased ozone emissions from shale gas extraction are likely to be offset.   
  
Replacing coal generated electricity with natural gas generated electricity will also reduce carbon 
dioxide, nitrogen oxides and sulfur dioxide emissions.  As seen in the table below, coal-fired 
electricity generation was responsible for the bulk of pollution from the electricity sector in 
2007, the last year for which comprehensive emissions data is available.   
 

Pollution from Coal-Fired Electricity Generation in New Jersey155 

 

NOx 
Emissions 

SO2 
Emissions 

CO2 
Emissions 

 Tons  12,635 62,298 11,523,898 
Percentage of Total Emissions from Electricity 
Generation in New Jersey 55% 75% 53% 
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Department of Energy 2007, 3) 
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retrieved from (Batey n.d., 3) and “negligible” for natural gas, retrieved from (National Energy Technology 

Laboratory, United States Department of Energy 2007, 3) 
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In 2007, New Jersey electricity generators that cited coal as their primary fuel source produced 
10,622,423.6 MWh of electricity.156  The New Jersey Board of Public Utilities recently approved 
the construction of three new natural gas combined-cycle power plants.  Collectively, these three 
power plants will increase New Jersey’s electricity generation capacity by 1,948.5 MW.157  In 
order to displace the 10,622,423.6 MWh of electricity generated from coal in 2007, these power 
plants would have to have a capacity factor of 0.622 (meaning they would have to operate 62.2% 
of the time).   The National Energy Technology Laboratory estimates that a state-of-the-art 
natural gas combined-cycle power plant can operate 85% of the time.158  Consequently, it is 
technically feasible for the 1,948.5 MW of new natural gas generation to displace electricity 
currently produced from coal in New Jersey.         

 
I assumed these new natural gas plants will have the same heat rate and emissions factors as a 
state-of-the-art natural gas plant in order to calculate the emissions associated with using natural 
gas to generate 10,622,423.6 MWh of electricity.  The heat rate I used in my calculations was 
6.719 MMBtu/MWh and the emissions factors I used were:  119 lb C02/MMBtu, 0.009 lb 
NOx/MMBtu and 0 lb SO2/MMBtu.159  The pollution emitted from electricity generated from 
coal was retrieved from eGrid 2007 data.160  The results of my calculations are summarized in 
the table below.  Replacing New Jersey’s coal-fired electricity generation with natural gas-fired 
electricity generation will reduce NOx and sulfur dioxide emissions by thousands of tons 
annually.  This, combined with replacing home heating oil, would drastically reduce ozone 
production in the state because NOx emissions would be curtailed. 
 

Comparison:  Tons of Pollutant emitted from generating 10,622,423.579 MWh of electricity 
Fuel Pollutant 

NOx SO2 CO2 
Coal 12,635 62,298 11,523,898 
Natural Gas 321 0 4,246,638 
Reduction 12,314 62,298 7,277,260 
Percentage of total emissions from electricity generation 54% 75% 33% 

 
At 2009 coal and natural gas prices (the last year for which data is available) natural gas was 
cheap enough to displace all coal-fired electricity generation in New Jersey.  For this to remain 
the case, natural gas prices in the electricity industry must stay below $5.40/MMBtu, assuming 
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 (U.S. Environmental Protection Agency 2011) 
157

 (The State of New Jersey 2011, 80) 
158

 (National Energy Technology Laboratory, United States Department of Energy 2007, 1) 
159

 (National Energy Technology Laboratory, United States Department of Energy 2007, 1,3) 
160

 (U.S. Environmental Protection Agency 2011) 



39 
 
 

coal prices and demand remain stable and the state-of-the-art combined cycle natural gas plants 
are built.  (Please see Appendix 3 for a detailed description of my natural gas price calculations.)  

 An Examination of Potential Costs and Benefits:  Key Findings 

 
The downward pressure that Pennsylvania Marcellus Shale gas production is placing on New 
Jersey natural gas prices will yield economic benefits, particularly in New Jersey’s residential 
and commercial sectors.  Ozone levels in New Jersey are likely to climb as shale gas extraction 
increases in northeastern Pennsylvania, particularly if future extraction activities are 
concentrated close to the Pennsylvania-New Jersey border, but the substitution of natural gas for 
home heating oil in the residential sector, and natural gas for coal in the electricity sector, will 
drastically reduce New Jersey’s NOx emissions.  NOx is a precursor to ground level ozone 
production.  Thus, if NOx emissions in New Jersey are significantly reduced, the increased 
quantities of ground level ozone wafting into New Jersey from Pennsylvania are likely to be 
offset.  

Policy Options 

The following policy options are ways in which the State of New Jersey can maximize the 
benefits it is likely to derive from increased shale gas extraction in Pennsylvania and also 
mitigate the increased ozone pollution that is likely to occur in the future. 

1) General Policy Options 
a) The New Jersey Department of Protection could conduct a baseline study to 

determine the extent to which New Jersey air quality will improve or deteriorate due 
to shale gas extraction in Pennsylvania.   

b) New Jersey could take advantage of new and cheaper sources of Pennsylvanian 
natural gas by encouraging residents to heat their homes with natural gas and by 
encouraging more gas-based electric power generation.  

2) EPA Options 
a) New Jersey could take the lead in creating a multistate coalition to lobby the EPA to 

exercise its regulatory authority by adopting stronger national regulations for shale 
gas extraction 

b) New Jersey can petition the EPA to make Pennsylvania revise its State 
Implementation Plan (SIP) if ozone produced in Pennsylvania is shown to adversely 
impact New Jersey air quality 

c) New Jersey can issue a 126 Petition to the EPA, which would ask the EPA to directly 
regulate the emissions from shale gas extraction in Pennsylvania. 

3) Litigation Options 
a) New Jersey can sue shale gas extraction companies if ozone produced from shale gas 

production adversely affected NJ air quality. 
b) New Jersey can sue Pennsylvania for damages caused by its lax regulation of air 

pollution caused by shale gas extraction 
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c) New Jersey could threaten to do options 2b, 2c or 3b unless Pennsylvania is willing to 
compensate New Jersey for the environmental damage extensive expansion of shale 
gas production will cause. 

d) New Jersey can threaten do option 3a unless Pennsylvania requires the natural gas 
industry to provide New Jersey with cheaper natural gas.  

Criteria: 

The following are a list of criteria by which the options will be judged: 
Effectiveness        

Political Feasibility     

Minimize State Expenditures 

Legality 

 

I will ultimately recommend options based on whether they meet the criteria to a low, moderate 
or high degree. 

Analysis of the Policy Options 

General Policy Options:  Option 1a 

The New Jersey Department of Protection could conduct a baseline study to determine the 
extent to which New Jersey air quality will improve or deteriorate due to shale gas 
extraction in Pennsylvania.   
 
The study should include both the projected increases in ozone production in northeastern 
Pennsylvania, as well as the projected decreases in NOx emissions (a precursor to ozone 
production) that would occur if the residential and electricity sectors used natural gas instead of 
home heating oil and coal, respectively.   
 
Effectiveness:  Moderate 
Political Feasibility:  High 
Minimize State Expenditures:  High 
Legality:  High 
 
This option meets the criterion of effectiveness to a moderate degree.  Modeling will not 
automatically reduce overall ozone levels in New Jersey, but it will allow the State to determine 
whether New Jersey should pursue stricter regulation of future shale gas extraction in 
Pennsylvania or pursue options that will lower in-state ozone production (discussed further in 
Option 1b).  
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This option meets the criterion of political feasibility to a high degree because the New Jersey 
Department of Environmental Protection already does extensive modeling to ensure that New 
Jersey’s State Implementation Plan meets the EPA’s guidelines.  This modeling currently 
includes emissions from nearby states.161  The option also does not require the passage of any 
new laws.  
 
This option meets the criterion of minimizing state expenditures to a high degree.   The Assistant 
Director of Air Quality Management at the New Jersey Department of Environmental Protection 
estimates that modeling would cost about $500,000 if it is assumed that data from 2007 is an 
accurate depiction of the situation today.162  He notes that if the 2007 data is considered outdated, 
a contractor could do more up-to-date modeling for approximately $1 to 1.5 million.163  The 
Texas Commission of Environmental Quality (TCEQ) is also completing a special inventory of 
air emissions associated with natural gas extraction activities in the Barnett Shale.  Phase I 
included collecting emissions data from Industry by disseminating a voluntary survey through 
the Texas Oil and Trade Association.164   Phase II includes a detailed analysis of the data 
collected and emissions modeling.165  The TCEQ has spent approximately $400,000 on Phase II 
thus far, which breaks down to approximately $30/well.166  The TCEQ “realized significant 
savings on this inventory effort because internal staff was able to develop and support the 
electronic data collection and storage efforts.”167  The TCEQ only used outside contractors to 
perform “quality assurance and tracking/administrative activities related to the inventory review 
and collection effort.”168  As noted on page 23 of this report, there are currently 2,509 active 
wells in the Marcellus shale located in Northeastern Pennsylvania.  At $30/well, the cost of 
modeling the emissions from these wells would be $75,270.  This figure is an extreme lower-
bound estimate because it does not include collecting data from the shale gas extraction industry 
or incorporating decreases from emissions from electricity generation. 
 
This option meets the criterion of legality to a high degree because NJDEP routinely performs air 
quality modeling and is required to perform similar modeling when completing a State 
Implementation Plan (discussed in more detail below).     
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General Policy Options:  Option 1b 

New Jersey could take advantage of new and cheaper sources of Pennsylvanian natural gas 
by encouraging residents to heat their homes with natural gas and by encouraging more 
gas-based power generation.  
 
New Jersey should do this by following through with the proposed in-state natural gas pipelines 
that are vaguely referenced in the 2011 Draft Energy Master Plan.169  In particular, pipelines 
should be built in Morris, Sussex, Hudson and Essex Counties.  As noted earlier, the 2011 Draft 
Energy Master Plan already calls for three new natural gas plants, with a total capacity of 
approximately 2,000 MW, to be constructed in the coming years.170  This generation is enough to 
displace all of the coal-fired generation in the State (if no other power plants are retired), 
assuming that natural gas prices remain as low as they were in 2009 (See Appendix 3 for more 
information).  Thus, if New Jersey wants to realize the full environmental benefits of replacing 
coal with natural gas, New Jersey should subsidize the purchase of the natural gas necessary to 
displace coal-fired electricity generation in the state.  This subsidy should only take effect if 
prices rise.       
 
Effectiveness:  High 
Political Feasibility:  High 
Minimize State Expenditures:  Low 
Legality:  High 
 
This option meets the criterion of effectiveness to a high degree.  As seen in the environmental 
benefits section of the report, if natural gas displaces home heating oil and coal, air pollution, 
particularly NOx pollution, will decrease dramatically.  A subsidy that could take effect if prices 
rise over $5.40/MMBtu would be extremely successful so long as coal prices do not decrease.  
However, the extent to which pipeline construction would catalyze the replacement of heating oil 
with natural gas would depend on the size of the pipeline projects.  This policy option also does 
not help individual home owners convert their home heating systems from oil to natural gas; it 
simply makes natural gas a more attractive option.   
 
This option meets the criterion of political feasibility to a high degree for three reasons.  First, 
the EPA recently instituted the Cross State Air Pollution Rule that will place stronger restrictions 
on NOx and SOx emitted from power plants in New Jersey and other states.171  As seen in the 
section entitled “Environmental Benefits,” coal-fired power plants are responsible for the bulk of 
NOx and SOx generated by the electricity industry in the State.  Therefore, taking the action 
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suggested in Option 1b would help the state comply with the EPA’s new rule.   Additionally, the 
Federal Energy Regulatory Commission (FERC) recently accepted Pennsylvania, Jersey, 
Maryland Power Pool’s (PJM) proposed changes to the Modified Offer Price Rule (MOPR).172  
Previously, FERC had allowed new generators “to submit bids of $0/MW-day, ensuring that the 
corresponding capacity would clear an auction”173 and thereby allowing new power plant owners 
to recoup their investment quickly.  However, the revisions make it much more difficult to 
submit low bids, thereby increasing the amount of time necessary to recoup the investment and 
ultimately discouraging the construction of power plants in New Jersey.  A subsidy for natural 
gas, to be enacted only if prices rise above $5.40/MMBtu, would encourage the construction of 
these natural gas power plants.  Politicians will be able to justify the subsidy because the power 
plant construction and completion will both reduce pollution and create jobs.  Finally, New 
Jersey had a budget surplus of approximately $365 million this year,174 money that could be used 
to finance natural gas pipelines and a natural gas subsidy.     
 
This option meets the criterion of minimizing state expenditures to a moderate degree.  If natural 
gas prices remain below $5.40/MMBtu, no subsidy will be necessary once the additional 
combined cycle natural gas plants are brought online.  If prices rise, however, the subsidy could 
potentially become very expensive, as seen in the table below.  (Please see Appendix 4 for a 
detailed description of subsidy cost calculations.)     
 

Price of Natural Gas 
Sold in the 
Electricity Sector 
($/MMBtu) 

Yearly Cost of Subsidy 
enacted to keep the 
price at $5.40/MMBtu 

5 $0  
6 $42,823,239 
7 $114,195,303 
8 $185,567,367 
9 $256,939,431 
10 $328,311,495 

 
Even if natural gas prices rise to $10/MMBtu, the cost of the subsidy would be within the budget 
surplus ($365 million).  There will not, however, be much money left over for pipeline 
construction or other projects.  
 
This option meets the criterion of legality to a moderate degree.  The New Jersey State 
government cannot legally build intrastate pipelines, but can encourage local distribution 
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companies to do so, as these companies are regulated by “state public service commissions.”175 
The Government does have the authority to influence natural gas prices through public policy, 
and already does so specifically in the small general services and residential sectors.176  
Furthermore, the New Jersey Government would not regulate the price of natural gas directly; it 
would simply subsidize the purchase of enough natural gas to displace coal-fired electricity 
generation.      

EPA Options:  Option 2a 

New Jersey could take the lead in creating a multistate coalition to lobby the EPA to 
exercise its regulatory authority by adopting stronger national regulations for shale gas 
extraction. 
 
Effectiveness:  Low 
Political Feasibility:  Moderate 
Minimize State Expenditures:  Moderate 
Legality:  High 
 
This option meets the criterion of effectiveness to a low degree because even if a coalition can be 
assembled, the EPA is unlikely to introduce new shale gas extraction regulations that would be 
implemented in the current political atmosphere.  Today’s lawmakers are likely to see new EPA 
regulation as an impediment to job creation and energy independence.  Instead of regulation, 
some federal lawmakers actually are promoting increases in natural gas subsidies.177  Therefore, 
Congress is likely to be opposed to any new regulation the EPA adopts and may use spending 
bills to reduce or eliminate funding that the EPA would need to implement the new regulations.  
This tactic has been used to limit funding for the implementation of environmental rules in the 
past, thereby delaying or abolishing these rules.178 
 
This option meets the criterion of political feasibility to a moderate degree.  States have formed 
large coalitions and have successfully lobbied the EPA in the past, but this effort took years.  
Prior to 2000, New York, Pennsylvania, and other states in the eastern United States collectively 
insisted that the EPA force states in the Mid-West to reduce NOx emissions, which were 
increasing ozone levels in the eastern United States.179  After numerous rounds of negotiations 
and court battles, the EPA finalized the Cross-State Air Pollution Rule on July 6, 2011, which 
will replace the EPA’s Clean Air Inter-State Rule that was instituted in 2005.180  
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This option meets the criterion of minimizing state expenditures to a moderate degree.  In the 
past, environmental commissioners from various states have taken the lead in pressuring the EPA 
to take action.181  If New Jersey state employees did this, New Jersey would not have to allocate 
additional funds to form the coalition, beyond the employees’ salaries.  There would, however, 
be an opportunity cost that New Jersey would incur because these employees would not be able 
to spend their time completing other tasks.   
 
This option meets the criterion of legality to a high degree.  States clearly have a legal right to 
lobby the EPA to enact stronger or weaker legislation.  The eastern States lobbying the EPA for 
stronger NOx regulations is just one of many examples of this behavior.182      

EPA Options:  Option 2b 

New Jersey can petition the EPA to make Pennsylvania revise its State Implementation 
Plan (SIP) if ozone produced in Pennsylvania is shown to adversely impact New Jersey air 
quality 
 
Under the Clean Air Act (CAA), all states are required to submit a State Implementation Plan 
(SIP) to the EPA, which describes how each state plans to comply with the national ambient air 
quality standards (NAAQS).  Specifically, when completing a SIP each state “defines monitoring 
plans to assess the ambient air quality, identifies sources of air pollution, develops rules limiting 
those sources, and implements an enforcement program to ensure compliance with those 
emission limitations.”183  Currently, as part of the SIP process, the EPA mandates that each state 
create detailed air quality models that include air pollution from neighboring states.  If through 
this modeling New Jersey discovers that new emissions from shale gas extraction in 
Pennsylvania adversely impact New Jersey air quality, New Jersey can petition the EPA to issue 
a SIP Call to Pennsylvania, which would require Pennsylvania to revise its SIP.   
 
Effectiveness:  Moderate 
Political Feasibility:  High 
Minimize State Expenditures:  High 
Legality:  High 
 
This option meets the criterion of effectiveness to a moderate degree because the overall efficacy 
of this option will depend on whether or not the EPA deems Pennsylvania’s pollution to be a 
violation of the CAA’s good neighbor provision.  According to the good neighbor provision of 
the CAA, a state’s SIP is required to prevent air pollution generated in the state from “(1) 
contribute[ing] significantly to nonattainment of the NAAQS in other States; (2) interfere[ing] 
with maintenance of the NAAQS in other States; (3) interfere[ing] with provisions to prevent 
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significant deterioration of air quality in other States; or (4) interfere[ing] with efforts to protect 
visibility in other States.”184  I have been unable to find specific levels of pollutants that meet 
these criteria, but instead, the determination of whether or not a state is in violation of the good 
neighbor provision appears to be at the discretion of the EPA.  Thus, if the EPA determines that 
Pennsylvania is indeed violating the good neighbor provision, it will issue a SIP call and ozone 
generated from shale gas extraction will likely be reduced.  If the EPA does not issue a SIP call, 
this option will not curb ozone generated during the shale gas extraction process. 
 
This option meets the criterion of political feasibility to a high degree because New Jersey 
politicians are unlikely to object to this action, as they will not have to pass any new legislation 
or allocate any new funding.  Furthermore, if the EPA does issue a SIP call, Pennsylvania is 
likely to respond by strengthening its SIP because it will want to avoid sanctions, which the EPA 
may place on a state if its SIP is not adequate.185    
 
This option meets the criterion of minimizing state expenditures to a high degree.  New Jersey 
should simply have to bring evidence demonstrating that Pennsylvania is violating the good 
neighbor provision to the EPA’s attention to convince the EPA to issue a SIP call.  Currently, 
states include emissions from bordering states in their air quality modeling inventories.186  Thus, 
after New Jersey updates its models to reflect the new sources of pollution coming out of 
Pennsylvania, this information should be fairly easy to compile and submit to the EPA. 
 
This option meets the criterion of legality to a high degree.  SIP Calls are sanctioned under the 
CAA and therefore, are a legitimate means by which the EPA can force states to strengthen their 
SIP if it is “substantially inadequate’ to obtain or maintain NAAQS or otherwise comply with 
CAA.” 187   

EPA Options:  Option 2c 

New Jersey can issue a 126 Petition to the EPA, which would ask the EPA to directly 
regulate the emissions from shale gas extraction in Pennsylvania. 
 
The Clean Air Act also allows states to file petitions, commonly known as 126 Petitions, with the 
EPA administrator.188  These petitions ask the EPA to directly regulate point sources in 
bordering states that the state filing the petition feels have violated the good neighbor provision. 
 
Effectiveness:  Moderate 
Political Feasibility:  Moderate 
Minimize State Expenditures:  High 
Legality:  Moderate 
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This option meets the criterion of effectiveness to a moderate degree.  If the petition is accepted, 
the EPA will require that the emissions source either be shut down within three months, or 
adhere to “emissions limitations and compliance schedules.”189  If the petition is rejected, 
however, New Jersey would not realize any reductions in ozone pollution originating from 
Pennsylvania shale gas extraction. 
 
This option meets the criterion of political feasibility to a moderate degree.  Politicians in New 
Jersey are unlikely to complain about the filing, as they will not have to pass any new regulations 
or appropriate any new funding.  The EPA, however, may come under fire from federal law 
makers who wish to encourage natural gas production instead of increase its cost by enacting 
more environmental regulations, or at the very least, allow states to regulate the shale gas 
industry at their own discretion.  Pennsylvania government officials would also be likely to fight 
the 126 petition because new regulation on shale gas extraction in Pennsylvania would make 
other states, such as West Virginia, more appealing to energy companies.  If energy companies 
moved their operations to West Virginia, Pennsylvania would lose tax revenues.   
 
This option meets the criterion of minimizing state expenditures to a high degree because NJDEP 
employees who are already being paid could file the petition.  NJDEP employees have filed 126 
Petitions in the past, such as the petition “requesting that EPA make a finding that the Portland 
Plant is emitting air pollutants in violation of the interstate transport provisions of the CAA,” 
which was filed on May 13, 2010.190  If Pennsylvania and the shale gas companies chose to fight 
the petition, however, this option could become significantly more expensive.191   
 
This option meets the criterion of legality to a moderate degree.  A 126 Petition is derived from 
Section 126(b) of the Clean Air Act, which permits “any State or political subdivision [to] 
petition the Administrator of the EPA to find that any major source or group of stationary 
sources in upwind States emits air pollutants” that violate the good neighbor provision.192  
However, it is still not known if groups of shale gas wells will fit the definition of major 
emissions sources that can be regulated as a result of 126 Petitions.193  Therefore, filing a 126 
Petition for shale gas wells, even if these wells produce huge quantities of pollution, may not 
necessarily mean that the EPA will accept the petition and regulate their emissions directly.   

Litigation Options:  Option 3a 

New Jersey can sue shale gas extraction companies if ozone produced from shale gas 
production adversely affected NJ air quality. 
 
Effectiveness:  Low 
Political Feasibility:  Low 
Minimize State Expenditures:  Low 
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Legality:  High 
 
This option meets the criterion of effectiveness to a low degree.  There are numerous natural gas 
extraction companies operating in the Pennsylvania Marcellus Shale,194 consequently, simply 
suing one company is unlikely to solve the ozone pollution problem even if New Jersey’s lawsuit 
is successful.  
 
This option meets the criterion of political feasibility to a low degree because the NJDEP is 
unlikely to pursue this course instead of filing a 126 Petition or urging the EPA to issue a SIP 
call.  Both of these actions could be completed “in house,” by NJDEP, and if successful, would 
force the entire shale gas industry in Pennsylvania to comply with new regulations.  In order to 
achieve the same result via a lawsuit, NJDEP may have to hire outside lawyers and would have 
to successfully sue all natural gas extraction companies operating in Northeastern Pennsylvania.  
This action would require more resources and has a lower probability of success.   
 
This action meets the criterion of minimizing state expenditures to a low degree.  Thus far, no 
states have sued shale gas extraction companies, so estimating the cost of a lawsuit is a 
somewhat difficult task.  The lawsuit that North Carolina brought against the Tennessee Valley 
Authority, an electric utility in Tennessee, however, cost the State between $7 million to $8 
million.195  If New Jersey brought lawsuits against numerous companies, instead of just one, total 
state expenditures are likely to be even higher.        
  
This option meets the criterion of legality to a high degree because individual states have the 
legal right to sue private entities outside state boundaries.   

Litigation Options:  Option 3b 

New Jersey can sue Pennsylvania for damages caused by its lax regulation of air pollution 
caused by shale gas extraction 
 
Effectiveness:  Low  
Political Feasibility:  Low 
Minimize State Expenditures:  Low 
Legality:  Low 
 
This option meets all criteria to a low degree.  To my knowledge, no state has sued another state 
because of its lax environmental regulations.  Instead, states submit 126 Petitions to the EPA or 
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lobby the EPA to issue a SIP call to a neighboring state.  A professor at Duke Law School 
believes that this option a “non-starter.”196   

Litigation Options:  Option 3c 

New Jersey could threaten to do options 2b, 2c or 3b unless Pennsylvania is willing to 
monetarily compensate New Jersey for the environmental damage extensive expansion of 
shale gas production will cause. 
 
Effectiveness:  Low 
Political Feasibility:  High 
Minimize State Expenditures:  High  
Legality:  Moderate 
 
This option meets the criterion of effectiveness to a low degree.  Pennsylvania is unlikely to 
capitulate to New Jersey’s demands and automatically hand over monetary compensation.  
Instead, Pennsylvania is likely to fight either the SIP call or 126 Petition.  New Jersey’s 
threatening to sue Pennsylvania is also not likely to induce Pennsylvania to monetarily 
compensate New Jersey for damage because there is no legal precedent for New Jersey’s suit, 
which would likely weaken its probability of success.   
 
This option meets the criterion of political feasibility to a high degree because it is easier to 
complete than options 2b, 2c or 3b.  Additionally, New Jersey will lose nothing be trying to 
extract monetary compensation from Pennsylvania prior to taking action using CAA mechanisms 
or legal mechanisms.   
 
Simply threatening Pennsylvania with options 2b, 2c or 3b unless it provides New Jersey with 
monetary compensation for the damage caused by increased ozone levels also costs nothing, and 
therefore, meets the criterion of minimizing state expenditures to a high degree.   
 
This option meets the criterion of legality to a moderate degree.  New Jersey’s threatening 
Pennsylvania is legal, as is filing a 126 Petition and urging the EPA to issue a SIP call to 
Pennsylvania.  However, as noted earlier, this is no legal precedent for one state taking another 
state to court for environmental damage caused by lax regulations.    

Litigation Options:  Option 3d 

New Jersey can threaten do options 2b, 2c or 3b unless Pennsylvania requires the natural 
gas industry to provide New Jersey with cheaper natural gas.  
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Pennsylvania does not have direct authority over natural gas extraction companies, but could 
coerce the companies into providing New Jersey with below-market-value natural gas by making 
this a pre-condition for receiving a drilling permit from the Pennsylvania Department of 
Environmental Protection.   
 
Effectiveness:  High 
Political Feasibility:  Low  
Minimize State Expenditures:  High 
Legality:  Moderate 
 
This option meets the criterion of effectiveness to a high degree.  As demonstrated earlier, 
cheaper natural gas will allow for the displacement of coal in New Jersey’s electric power sector, 
which will substantially reduce the amount of NOx emissions produced, thus offsetting any 
increases in ozone pollution originating from shale gas extraction in Pennsylvania. 
 
This option meets the criterion of political feasibility to a low degree because Pennsylvania is 
unlikely to make supplying New Jersey with below-market-value natural gas a requirement for 
obtaining a drilling permit in the state.   Pennsylvania will be hesitant to do this because West 
Virginia already allows shale gas extraction companies to operate freely within its borders and 
New York may soon rescind its ban on hydraulic fracturing.197  In this increasingly competitive 
atmosphere, Pennsylvania is unlikely to place conditions on companies that may drive them out 
of state.   
 
This option meets the criterion of minimizing state expenditures to a high degree.  If 
Pennsylvania granted New Jersey’s request, New Jersey would not have to expend any resources 
filing a 126 petition or lobbying the EPA to issue a SIP call to Pennsylvania.  Furthermore, if the 
Pennsylvania companies provided New Jersey with natural gas priced below $5.40/MMBtu, 
New Jersey would not have to spend any money encouraging the substitution of natural gas for 
coal in the electricity sector.     
 
This option meets the criterion of legality to a moderate degree.  The Natural Gas Wellhead 
Decontrol Act (NGWDA) of 1989 completed the deregulation of wellhead natural gas prices by 
affirming that all “first sales” must be “free of any federal price regulations.”198  Sales to either a 
local distribution company or to an end user are both considered to be ‘first sales’ under the 
NGWDA.  By prohibiting federal government price regulation, the NGWDA would theoretically 
allow Pennsylvania companies to set their own prices for natural gas that is transported to New 
Jersey, as the federal government would be the only entity that would otherwise have the 
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authority to regulate this interstate transaction.  The purpose of the NGWDA, however, is to 
permit the market to decide the price of natural gas,199 which is clearly not happening if 
companies in Pennsylvania are providing natural gas to New Jersey at below-market-value.  
Consequently, there may be some legal objections to this option on the grounds that it distorts 
free market natural gas prices.   

Recommendations 

 
I recommend that New Jersey adopt option 1a immediately.  The results of a detailed baseline 
study must be used to inform any decisions the State will make going forward.  If the results 
show that the substitution of natural gas for home heating oil in the residential sector and natural 
gas for coal in the electricity sector will yield substantial environmental benefits and more than 
offset ozone produced by increased shale gas extraction in northeastern Pennsylvania, then New 
Jersey should consider implementing option 1b.  Option 1b should definitely not be adopted 
without detailed air quality modeling because it may be expensive if natural gas prices increase.  
If the baseline study demonstrates that New Jersey’s ozone levels will rise significantly as a 
result of accelerated shale gas production in northeastern Pennsylvania, New Jersey should also 
adopt option 2b.  Option 2b should only be adopted if Pennsylvania does not strengthen its 
emissions regulations on its own. As seen in Appendix 5, air quality in northeastern 
Pennsylvania is likely to deteriorate as natural gas extraction increases.  Consequently, 
Pennsylvania may be forced to adopt more stringent regulations, even without pressure from 
New Jersey.    
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Appendix 1:  County and City Map of Pennsylvania200 
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Appendix 2:  The Commercial Sector as a Percentage of New Jersey GDP 

 
The following table illustrates the number of dollars each industry contributed to New Jersey’s 
GDP in 2007 and 2008.  The industries highlighted in pink are industries that I designated as part 
of the commercial sector, based on the EIA’s definition.  The EIA defines the commercial sector 
as “an energy-consuming sector that consists of service-providing facilities and equipment of 
businesses; Federal, State, and local governments; and other private and public organizations, 
such as religious, social, or fraternal groups.”201  My calculations are highlighted in green. 
 

Gross Domestic Product for New Jersey by Industry, 1997 - 2008 (Millions of Current 
Dollars) 202 

        
Industry 
Code Industry 2007 2008 

1 All industry total 461,295 474,936 
2  Private industries 413,706 425,591 
3    Agriculture, forestry, fishing, and hunting 792 698 
4      Crop and animal production (Farms) 617 n/a  
5      Forestry, fishing, and related activities 174 n/a  
6    Mining 461 260 
7      Oil and gas extraction 14 n/a  
8      Mining, except oil and gas 429 n/a  
9      Support activities for mining 19 n/a  

10    Utilities 8,995 9,260 
11    Construction 17,966 17,321 
12    Manufacturing 42,760 43,856 
13      Durable goods 13,772 13,899 
14        Wood product manufacturing 264 n/a  
15        Nonmetallic mineral product manufacturing 1,539 n/a  
16        Primary metal manufacturing 828 n/a  
17        Fabricated metal product manufacturing 2,553 n/a  
18        Machinery manufacturing 1,613 n/a  
19        Computer and electronic product manufacturing 1,938 n/a  
20        Electrical equipment and appliance manufacturing 1,351 n/a  
21        Motor vehicle, body, trailer, and parts manufacturing 216 n/a  
22        Other transportation equipment manufacturing 284 n/a  
23        Furniture and related product manufacturing 554 n/a  
24        Miscellaneous manufacturing 2,633 n/a  
25      Nondurable goods 28,988 29,957 
26        Food product manufacturing 3,291 n/a  
27        Textile and textile product mills 443 n/a  
28        Apparel manufacturing 642 n/a  
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29        Paper manufacturing 1,268 n/a  
30        Printing and related support activities 1,967 n/a  
31        Petroleum and coal products manufacturing 975 n/a  
32        Chemical manufacturing 18,939 n/a  
33        Plastics and rubber products manufacturing 1,464 n/a  
34    Wholesale trade 37,092 37,661 
35    Retail trade 30,128 29,598 
36    Transportation and warehousing, excluding Postal Service 14,168 14,471 
37      Air transportation 1,807 n/a  
38      Rail transportation 159 n/a  
39      Water transportation 391 n/a  
40      Truck transportation 4,004 n/a  
41      Transit and ground passenger transportation 1,241 n/a  
42      Pipeline transportation 53 n/a  
43      Other transportation and support activities 4,524 n/a  
44      Warehousing and storage 1,990 n/a  
45    Information 21,469 22,063 
46      Publishing including software 5,102 n/a  
47      Motion picture and sound recording industries 560 n/a  
48      Broadcasting and telecommunications 12,824 n/a  
49      Information and data processing services 2,984 n/a  
50    Finance and insurance 36,661 36,447 
51      Federal Reserve banks, credit intermediation and related services 14,213 n/a  
52      Securities, commodity contracts, investments 11,123 n/a  
53      Insurance carriers and related activities 10,931 n/a  
54      Funds, trusts, and other financial vehicles 395 n/a  
55    Real estate and rental and leasing 71,691 74,376 
56      Real estate 64,101 n/a  
57      Rental and leasing services and lessors of intangible assets 7,589 n/a  
58    Professional and technical services 42,247 45,771 
59      Legal services 6,307 n/a  
60      Computer systems design and related services 8,116 n/a  
61      Other professional, scientific and technical services 27,823 n/a  
62    Management of companies and enterprises 11,044 11,817 
63    Administrative and waste services 14,675 15,155 
64      Administrative and support services 13,444 n/a  
65      Waste management and remediation services 1,231 n/a  
66    Educational services 4,075 4,292 
67    Health care and social assistance 33,595 35,474 
68      Ambulatory health care services 18,127 n/a  
69      Hospitals and nursing and residential care facilities 12,656 n/a  
70      Social assistance 2,812 n/a  
71    Arts, entertainment, and recreation 4,517 4,899 
72      Performing arts, museums, and related activities 1,644 n/a  
73      Amusement, gambling, and recreation 2,873 n/a  
74    Accommodation and food services 11,947 12,363 
75      Accommodation 4,946 n/a  
76      Food services and drinking places 7,001 n/a  
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77    Other services, except government 9,423 9,809 
78  Government 47,588 49,344 
79    Federal civilian 6,733 n/a  
80    Federal military 1,551 n/a  
81    State and local 39,304 n/a  

Total GDP in the Commercial Sector (2008):   
  389,069 

Commercial Sector as Percentage of total GDP (2008) 
  82% 

NAICS Industry detail is based on the 1997 North American Industry Classification System (NAICS). 

(D) Not shown in order to avoid the disclosure of confidential information; estimates are included in higher 
level totals. 

(L) Less than $500,000 in nominal or real GDP by state. 
Source: Bureau of Economic Analysis, U.S. Department of Commerce. 
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Appendix 3:  Methodology Used to Calculate the Natural Gas Price 

Necessary to Induce the Substitution of Natural Gas-Fired Electricity 

Generation for Coal-Fired Electricity Generation 

 
In order to estimate the price of natural gas necessary to induce the substitution of natural gas-
fired electricity generation for coal-fired electricity generation, I had to calculate the marginal 
cost of electricity production ($/MWh) incurred by each electricity generator operating in the 
State.  The marginal cost is necessary to approximate the bid that each generator will submit to 
PJM, the regional transmission organization that operates in the area.  PJM matches bids 
submitted by electricity generators to electricity demand in any given hour according to the size 
of the bid.203  The generators are dispatched from the lowest bid to the highest bid until all 
demand is met. The highest bid that is used to meet demand determines the locational marginal 
price of electricity (LMP), which is the wholesale price of electricity.204  Thus, generators have 
an incentive to submit a bid that matches their marginal cost of electricity production in order to 
ensure that their bid is accepted.   
 
I used the Environmental Protection Agency’s egrid database and the prices of the various fuels 
used for electricity generation to calculate the marginal cost of electricity production each New 
Jersey-based electricity generator incurs.  To do this, I first divided each plant’s annual heat 
input (MMBtu) by its annual net generation (MWh),205 to derive each plant’s heat rate (noted in 
the column entitled “Plant Heat Rate” in the table below).  The heat rate denotes the amount of 
heat necessary to produce one megawatt hour of electricity.  Thus, the lower the heat rate, the 
more efficient the power plant.   
 
I then used the heat rate and the cost of various fuels to calculate each plant’s marginal cost of 
electricity generation by multiplying the heat rate, expressed in MMBtu/MWh, by the cost of 
each fuel, expressed in $/MMBtu.   
 
The cost figures I used are:206 
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 (The State of New Jersey 2011, 33) 
205

 (U.S. Environmental Protection Agency 2011) 
206

 I retrieved the coal, natural gas and distilled oil price figures from the table entitled “Table ET7:  Electric Power 

Sector Price and Expenditures Estimates 1970-2009, New Jersey” (Energy Information Administration 2011).  I 

calculated the cost of landfill gas (the fuel used in the landfills and resource recovery facilities listed below) by 

using the most expensive tipping fee in the New Jersey, $113.58/ton MSW, retrieved from (New Jersey 

Department of Environmental Protection 2011)  and the amount of heat that is derived from 1 ton of MSW, 11.73 

MMBtu, retrieved from  (Energy Information Administration n.d.).  I used the most expensive fee in New Jersey in 

order obtain a conservative estimate.  Nuclear plants typically bid $0/MWh for any given hour because they have 

very low marginal costs that allow nuclear power plant operators to take whatever LMP is offered (The State of 
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Coal:  $4.01/MMBtu 
Natural Gas: $5.16/MMBtu 
Distilled Fuel Oil (DFO):  $12.18/MMBtu 
Landfill Gas and Municipal Solid Waste (biomass component):  $9.68/MMBtu   
Fuel for nuclear power plants, hydroelectric power plants and windmills:  $0.00/MMBtu 
 
The marginal cost calculations in the table below exclude operation and maintenance costs 
(O&M costs) because these vary by plant and would be very difficult to obtain.  In general, 
however, “the O&M costs of gas-fired power plants are significantly lower than those of coal-
fired or nuclear power plants.”207  Consequently, the marginal costs calculated below are a 
conservative estimate of the marginal costs incurred by natural gas power plants and liberal 
estimate of the marginal costs incurred by coal power plants.    
 
As noted in the section entitled “Environmental Benefits,” the new natural gas generators that the 
New Jersey Board of Public Utilities approved will be able to generate more than enough 
electricity to completely displace the electricity generated from coal in New Jersey, assuming the 
operate at full capacity at least 62.2% of the time.  In order for these generators to completely 
displace coal, however, they must also submit lower bids to PJM.   Thus, their marginal cost of 
electricity generation must be lower than the most efficient coal power plant.  As seen in the 
table below, the most efficient coal power plant is Chambers Cogeneration LP.  Chambers 
Cogeneration LP has a heat rate of 9.1 MMBtu/MWh.  Assuming that coal prices and demand 
remain the same and that no other power plants are retired, the new plants would have to 
consume natural gas that costs $5.40/MMBtu, at the most, in order to submit bids that would be 
selected ahead of even the most efficient coal plant.  (Chambers Cogeneration LP incurred a 
marginal cost of $36.30/MWh.  $36.30/MWh divided by 6.719 MMBtu/MWh, the heat rate of a 
state-of-the-art combined cycle natural gas plant, equals $5.40/MMBtu.)  In reality, the price of 
natural gas that will allow natural gas plants to produce cheaper electricity than coal plants is 
probably slightly lower than $5.40/MMBtu because O&M costs are not taken into account in this 
analysis. 
 
 
 
 

                                                                                                                                                             
 
New Jersey 2011, 39).  Wind and water are both free and therefore, the marginal cost of operation for 

hydroelectric power plants and windmills (excluding and operation and maintenance costs) is $0/MWh.          
207

 (OECD Nuclear Energy Agency 2005, 14) 
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Plant name Plant primary 
fuel generation 
category 

Plant Heat 
Rate 
(MMBtu/MWh) 

Marginal 
Cost 
($/MWh)   

Oyster Creek NUCLEAR 0.0 0.0 
PSEG Hope Creek Generating 
Station NUCLEAR 0.0 0.0 

Great Falls Hydro Project HYDRO 0.0 0.0 

Jersey-Atlantic Wind Farm WIND 0.0 0.0 

Passaic Valley Water Commission HYDRO 0.0 0.0 

Yards Creek HYDRO 0.0 0.0 

PSEG Salem Generating Station NUCLEAR 0.0 0.0 

PSEG Essex Generating Station GAS 2.2 11.1 

Monmouth Landfill Gas to Energy BIOMASS 1.8 17.0 

Kinsleys Landfill BIOMASS 2.4 23.4 

Bayonne Cogen Plant GAS 4.6 23.6 

Aventis Pharmaceuticals GAS 5.3 27.2 

Hoffmann LaRoche GAS 5.3 27.4 

Bristol Myers Squibb GAS 5.3 27.5 

Merck Rahway Power Plant GAS 5.5 28.5 

Trigen Trenton Energy GAS 5.7 29.4 

Montclair Cogen Facility GAS 5.8 29.9 

Hunterdon Cogen Facility GAS 5.9 30.4 

Asbury Park Press GAS 6.0 31.1 

University of Medicine Dentistry NJ GAS 6.0 31.2 

Schering Cogen Facility GAS 6.4 32.9 

Linden Cogen Plant GAS 6.4 33.1 

Chambers Cogeneration LP COAL 9.1 36.3 

Logan Generating Company LP COAL 9.3 37.4 

AES Red Oak LLC GAS 7.3 37.8 

Pedricktown Cogen Plant GAS 7.5 38.9 

Newark Bay Cogeneration Project GAS 7.7 39.7 

Bergen Generating Station GAS 8.0 41.4 

PSEG Linden Generating Station GAS 8.1 41.6 

Deepwater COAL 10.5 42.0 

Eagle Point Cogeneration GAS 8.2 42.1 

RPL Holdings GAS 8.3 42.9 

NEO Freehold Gen LLC GAS 8.3 43.0 

PSEG Mercer Generating Station COAL 10.7 43.1 

NAEA Lakewood LLC GAS 8.4 43.3 

Sayreville Cogeneration Facility GAS 8.5 43.9 

PSEG Kearny Generating Station GAS 8.6 44.5 

PSEG Burlington Generating Station GAS 8.9 45.9 

B L England COAL 11.5 46.1 

Camden Cogen LP GAS 9.1 47.1 

PSEG Hudson Generating Station COAL 12.1 48.6 

Mars Snackfood US GAS 9.6 49.3 
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Kenilworth Energy Facility GAS 9.9 50.9 

NAEA Ocean Peaking Power LLC GAS 10.7 55.0 

Howard Down COAL 15.2 60.9 

Forked River GAS 13.4 68.9 

Sherman Avenue GAS 13.7 70.9 

United Water NJ GAS 13.8 71.4 

Gilbert GAS 14.0 72.1 

Cumberland GAS 14.2 73.3 

Lafayette Energy Partners LP BIOMASS 8.5 82.3 

Ocean County Landfill BIOMASS 8.5 82.3 

PSEG Edison Generating Station GAS 16.3 84.3 

PSEG Sewaren Generating Station GAS 16.4 84.9 

Camden Resource Recovery Facility BIOMASS 9.1 88.0 

Carlls Corner GAS 17.2 88.5 

Union County Resource Recovery BIOMASS 9.4 91.3 

Mickleton Station GAS 18.8 97.2 

Glenn Gardner GAS 19.3 99.5 

Covanta Essex Company BIOMASS 10.4 100.9 

Paulsboro Refinery GAS 19.9 102.5 

Pennsauken Landfill BIOMASS 12.2 117.9 

HMDC Kingsland Landfill BIOMASS 12.7 122.9 

Balefill Landfill Gas Utilization Proj BIOMASS 12.8 123.7 

Covanta Warren Energy BIOMASS 16.8 163.0 

Middlesex Generating Facility BIOMASS 18.4 178.4 

O'Brien Biogas IV LLC BIOMASS 19.8 191.4 

Wheelabrator Gloucester LP BIOMASS 20.7 200.8 

West Station OIL 16.9 206.2 

Werner OIL 17.2 209.3 

Sayreville OIL 17.4 212.1 

Bayville Central Facility BIOMASS 5,936.4   

Cedar Station OIL 16.3   

Middle Station OIL 16.6   

Missouri Avenue OIL 17.7   
PSEG National Park Generating 
Station OIL 16.8   

Sunoco Eagle Point Refinery OTHRFOSL 11.4   

 
 
 
 
 
 
 
 
 
 
 
  



60 
 
 

Appendix 4:  Methodology Used to Calculate the Cost of a Natural Gas 

Subsidy at Various Natural Gas Prices 

 
I used the following data to calculate the yearly cost of a natural gas subsidy that would allow the 
new combined-cycle natural gas plants to displace the coal-fired plants.   

 
1) The annual quantity of electricity currently generated by coal power plants that will be 

displaced by natural gas power plants in the future (10,622,423.6 MWh/year)208 
2) The heat rate of a state-of-the-art combined cycle natural gas power plant (6.719 

MMBtu/MWh)209 
3) The price of natural gas necessary to induce the substitution of natural gas-fired 

electricity generation for coal-fired electricity generation in New Jersey ($5.40/MMBtu) 
– Please see Appendix 3 for the calculation of this price. 

 
To calculate the total cost of the subsidy, I multiplied the MWh/year currently generated from 
coal by the heat rate of a combined cycle natural gas plant and then multiplied the product 
derived by the difference between the theoretical price of natural gas sold in the electricity sector 
and $5.40/MMBtu.  For instance, if natural gas prices in the electricity sector rise to 
$6.00/MMBtu (and remain there over the course of a year), the annual cost of the subsidy will be 
10,622,423.6 MWh/year * 6.719 MMBtu/MWh * $0.60/MMBtu = $42,823,239.    
 
The table below summarizes the annual cost of a natural gas subsidy under various price 
scenarios 
 

Price of Natural Gas 
Sold in the 

Electricity Sector 
($/MMBtu) 

Yearly Cost of Subsidy 
enacted to keep the 

price at $5.40/MMBtu 

5 $0  
6 $42,823,239 
7 $114,195,303 
8 $185,567,367 
9 $256,939,431 

10 $328,311,495 
 
 
 
 

                                                 
 
208

 (U.S. Environmental Protection Agency 2011) 
209

 (National Energy Technology Laboratory, United States Department of Energy 2007) 
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Appendix 5:  Projected Ozone Level Increases in Northeastern 

Pennsylvania Due to Shale Gas Extraction 

 
Northeastern Pennsylvania is likely to experience more drastic ozone increases due to shale gas 
extraction than will New Jersey.   Pennsylvania is divided into 10 climate divisions.210  One 
division, the Upper Susquehanna, includes five of the seven Northeastern Pennsylvania counties 
that were used in the New Jersey analysis above (Tioga, Bradford, Sullivan, Wyoming and 
Susquehanna).211  Collectively, these counties house 93% of the natural gas produced from the 
Marcellus Shale in Northeastern Pennsylvania, as seen in the table below.  
 

Marcellus Natural Gas Production in Northeast Pennsylvania
212 

County Active  
Wells 

Producing 
Wells 

Production (Mcf, 
July - December 

2010) 

Estimated Annual 

production (Mcf)
 

213 

Area 
(square 
miles) 

Bradford 1344 169 65,814,714 131,629,428 1,161 

Clinton 18 12 1,032,768 2,065,536 888 

Lycoming 248 37 11,502,520 23,005,040 1244 

Sullivan 93 0 0 0 452 

Susquehanna 337 109 60,812,632 121,625,263 832 

Tioga 382 128 37,062,332 74,124,665 1137 

Wyoming 87 4 3,176,864 6,353,728 405 

Sub Total for Upper 
Susquehanna  2243            410        166,866,542    333,733,084  

         
3,987  

Total 2,509 459 179,401,830 358,803,660 6,119 

Upper Susquehanna 
Percentage  89% 89% 93% 93% 65% 

 
During the 2009 ozone season (June, July, August), ozone levels did not rise above the EPA 
threshold of 75 ppm.  In the 2010 ozone season, however, ozone levels were above the 75 ppm 

                                                 
 
210

 (Nolan 2010, 13) 
211

 (Nolan 2010, 18) 

 
212 Pennsylvania DEP County Marcellus Shale Gas Production Databases, accessed April 2011 at 

https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Production/ProductionHome.aspx, 

February 2011  

 
 
213

 I assumed the rate of natural gas production would remain the same and doubled the 6 month production 

number. 
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standard on 3 days.214  As seen in the Marcellus Shale background section of this report, natural 
gas extraction in the Pennsylvania portion of this formation increased drastically between 2009 
and 2010.  There are too many other variables, however, to definitively say if that natural gas 
extraction is the reason for the increase in ozone levels observed.  An additional factor is that 
there is only one ozone monitor in the Upper Susquehanna region, which is located in the 
southeastern portion of Tioga County.215  Therefore, it is possible that other areas of the Upper 
Susquehanna experienced higher ozone levels, particularly in Bradford or Susquehanna counties, 
both of which have much higher natural gas production levels than does Tioga County.  Without 
additional monitoring stations, it is impossible to determine if this is the case. 
 
Ozone levels are likely to rise further if all active wells begin producing natural gas at the same 
rate as producing wells.  Assuming that ozone level increases are dependent upon both the 
density of drilling operations and the production level of each well, one can use the results of the 
Haynesville study to calculate this increase.  The tables below summarize the data necessary to 
determine the increase in ozone levels in the Upper Susquehanna that will be observed if all 
active wells become producing wells.  
   

Highest Ozone Increases in the Haynesville Study216  

Scenario Average Increase (ppm) Maximum Increase (ppm) 

Low 3.8 8.9 

High 6.9 16.7 

 
 

  Annual production per well (Mcf)  Wells per square mile 

Haynesville Low          1,069,515  0.17 

Haynesville High          1,834,021  0.24 

Upper Susquehanna217               813,983  0.563 

 
Using this data, I calculated the average and maximum increases in ozone concentration in the 
Upper Susquehanna by multiplying the increase observed in the Haynesville scenarios by the 
ratio of production per well and the ratio of wells per mile (summarized in the table below).  For 
instance, the first average increase in the Upper Susquehanna was calculated using the following 
equation:  3.8*(813,983/1,069.515)*(0.563/0.17) = 9.6 ppm.  Using the Haynesville high 
scenario, there will be an average ozone concentration increase of 7.2 ppm.  Maximum ozone 
increases are 22.4 ppm and 17.4 ppm, depending on which scenario’s parameters are used in the 
calculations.  This is significant, given that the EPA’s ozone standard is only 75 ppm.   
 

                                                 
 
214

 (Nolan 2010, 18) 
215

 (Nolan 2010, 18) 
216

 (Kemball-Cook, et al. 2010, 9358) 
217

 Production per well in the Upper Susquehanna was calculated by dividing the total production in the Upper 

Susquehanna by the total number of producing wells in that area.  Wells per square mile was obtained by dividing 

the total number of square miles in the Upper Susquehanna by the number of active wells.   
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Ozone Increase predicted for areas near drilling in the Upper Susquehanna (ppm) 

Hayneville Scenario Used Average  Increase Maximum Increase 

Low 9.6 22.4 

High 7.2 17.4 

 
Finally, the different results for the Upper Susquehanna depending on which Haynesville 
scenario is used, demonstrates that the relationship between ozone concentration, density of well 
sites and production per well is not entirely linear.  A second possibility is that well site density 
may play a larger role in dictating overall ozone concentrations than does production per well, or 
vice versa.  If the relationship were entirely linear and if both of these variables played equal 
roles, the calculated ozone concentrations in the Upper Susquehanna would be equal, regardless 
of the Haynesville Scenario used.   
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