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The Power Plant Research Program (PPRP) was 
established in 1971 to ensure that Maryland could meet 
its demands for electric power in a timely manner and at 
a reasonable cost, while protecting the State’s valuable 
natural resources.

PPRP coordinates the State’s comprehensive review of 
new power plants and associated facilities as part of the 
state and federal licensing process.  The Program also 
conducts a range of research and monitoring projects on 
existing and proposed power plants.  PPRP publishes 
the Electricity in Maryland Fact Book, which provides 
information on power generation and use in Maryland.  
A bibliography listing the general and site-specific reports 
that PPRP has produced since the early 1970s  
is also available.

If you want more information, or to request a copy of  
the Fact Book, bibliography, or other reports, contact 
PPRP at (410) 260-8660 (toll-free number in Maryland, 
1-877-620-8DNR, x8660).  You can also visit our Web 
site at: www.dnr.state.md.us/bay/pprp.  References are 
available upon request for all technical topics discussed in 
this report.
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Chapter 1 – Introduction
Electricity is the power that causes all natural 
phenomena not known to be caused by something else.

– Ambrose Bierce quotes
American Writer, Journalist and Editor, 1842-1914

  

1.1 Background
The Maryland Department of Natural Resources (DNR) Power Plant Research Program 
(PPRP) evaluates how the design, construction, and operation of power plants and trans-
mission lines impact Maryland’s environmental, socioeconomic, and cultural resources.  
PPRP’s legislative mandate calls for the program to explore and clarify these issues, seek-
ing to ensure that the citizens of Maryland can continue to enjoy reliable electricity supplies 
at a reasonable cost while minimizing impacts to Maryland’s resources.  The program 
also plays a key role in the licensing process for power plants and transmission lines by 
coordinating the State agencies’ review of new or modified facilities and developing recom-
mendations for license conditions.

PPRP is directed by the Maryland Power Plant Research Act (§3-304 of the Natural 
Resources Article of the Annotated Code of Maryland) to prepare a biennial Cumulative 
Environmental Impact Report (CEIR).  The intent of the CEIR is to assemble and sum-
marize information regarding the impacts of electric power generation and transmission on 
Maryland’s natural resources, cultural foundation, and economic situation.

This fifteenth edition of CEIR (CEIR-15) published by PPRP is subdivided into chapters 
that provide analyses of cumulative resource impacts and topical discussions of current 
trends.  Chapter 2 reviews power generation, transmission, and usage.  Chapter 3 discusses 
the issues and effects of power generation and transmission on Maryland’s air, water, 
land, and socioeconomics.  Lastly, Chapter 4 provides information on evolving policy and 
technical issues, such as Maryland’s involvement in the Regional Greenhouse Gas Initiative 
(RGGI), carbon dioxide (CO2) reduction strategies, and related federal initiatives. 

1.1.1	 Legislative	Mandate
The Maryland legislature passed the Power Plant Siting Act in 1971 as a result of extensive 
public debate over the potential effects of the Calvert Cliffs Nuclear Power Plant, which 
was in the approval and design stage,  and the legislature's desire that the State of Mary-
land play a significant role in the decision-making process.  At that time, Calvert Cliffs 
Units 1 and 2 were a source of concern because of the plant’s once-through cooling system 
that withdraws 3.5 billion gallons of water per day from the Bay and then discharges it 
back into the Bay with an approximate increase in temperature of 12°F.  This and other 
issues prompted the creation of PPRP to ensure a comprehensive, objective evaluation 
based on sound science to resolve environmental and economic issues before decisions 
were made regarding whether or not and where to build additional power generating 
facilities.

Today, PPRP continues this role by coordinating the comprehensive review of proposals 
for the construction or modification of power generation and transmission facilities and by 
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developing technically based licensing recommendations.  Consistent with the original stat-
ute, PPRP also conducts research on power plant impacts to Maryland’s natural resources, 
including the Chesapeake Bay.  In addition to surface water concerns, PPRP evaluates 
impacts to Maryland’s ground water, air, land, and socioeconomics for all proposed power 
facilities and transmission lines, either new installations or modifications to existing 
structures.  Research into the beneficial use of coal combustion by-products (CCBs) is also 
included in this evaluation.

1.1.2		 Power	Plant	Licensing
The Maryland Public Service Commission (PSC) is the regulating entity for power plants 
and overhead transmission lines greater than 69 kilovolts (kV) within the state.1  The PSC is 
an independent commission created by the state legislature with commissioners appointed 
by the Governor for set terms.  

An electric company that is planning to construct or modify a generating facility or a 
transmission line must receive a Certificate of Public Convenience and Necessity (CPCN) 
from the PSC prior to the start of construction.  The approved CPCN constitutes permission 
to construct the facility and incorporates several, but not all, required permits, such as air 
quality and water appropriation (see Appendix A).  Applications for a CPCN are reviewed 
before a Hearing Examiner in a formal adjudicatory process that includes written and oral 
testimony, cross examination, and the opportunity for full public participation.  Parties to 
a case include the applicant, the PSC Staff, and the Office of People’s Counsel (acting on 
behalf of the Maryland ratepayers), and interveners such as PPRP (acting on behalf of DNR 
and the other State agencies).  Other groups, such as federal agencies and private environ-
mental organizations, as well as individuals, also have a right to participate as interveners 
in these hearings.  The broad authority of the PSC allows for the comprehensive review 
of all pertinent issues and was designed in 1971 to be a “one-stop shop” for power plant 
licensing.  

The CPCN licensing process provides an opportunity for the State to examine all of the sig-
nificant aspects and impacts of a proposed power facility, including the cumulative effects 
of interrelations between various impacts.  This is a unique process within the State’s 
regulatory framework.  The CPCN mechanism recognizes the fact that electricity is a vital 
public need, but its generation and transport can produce impacts to the state’s natural, 
social, and cultural resources.  A distinguishing feature of PPRP’s intervener status in the 
CPCN process is the high degree of interagency coordination involved.  PPRP coordinates 
the project review and consolidates comments from the Departments of Natural Resources, 
Environment, Agriculture, Business and Economic Development, Planning, and Transpor-
tation, and the Maryland Energy Administration.  PPRP then develops a set of consolidated 
and unique, scientifically supported, recommended licensing conditions for the CPCN to 
the PSC on behalf of the State agencies.  In many instances, these conditions go beyond 
regulatory requirements to incorporate creative measures for mitigating potential facility 
impacts, often as stipulations agreed to by the applicant and other parties to the case prior 
to adjudicatory hearings.  

If multiple facilities are located in close proximity, or are proposed in close proximity to 
each other or to existing plants, PPRP includes cumulative impacts within the consoli-
dated review process.  In such a case, impacts to air, water, terrestrial, land use, and other 
resources would be evaluated and compared to any identified thresholds of acceptability.  
1 There are certain exceptions where a CPCN is not required, such as for land-based wind power 
projects no greater than 70 MW; generators no greater than 70 MW that produce on-site electricity 
with less than 20 percent of that electricity being exported or sold on the wholesale market; and 
generators with capacity no greater than 25 MW that consume at least 10 percent of the electricity 
generated on-site (see PUC Article § 7-207.1).
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Additionally, the cumulative analysis would identify any additional licensing conditions 
needed to address cumulative impacts due to multiple plant applications. 

Figure 1-1 illustrates the elements of the CPCN licensing process, described in more detail 
below.

Pre-application.  While there are no required pre-CPCN application procedures, PPRP 
encourages the prospective generation or transmission applicants to meet with Program 
staff early and often to identify potential issues of concern and to determine whether and 
how all relevant concerns will be addressed.  This process ensures the applicant is aware 
of the PSC regulations and procedures.  By the time the applicant files for a CPCN, there 
usually has been a 
significant amount of 
dialogue and, often, 
the applicant has estab-
lished that it is likely 
the proposed facility 
can obtain a CPCN, 
pending the develop-
ment of recommended 
conditions.  Through 
a diligent and thor-
ough pre-application 
process, a prospective 
developer can limit the 
risk of submitting an 
unsuccessful CPCN 
application, or make 
changes during the 
preliminary design 
to minimize certain 
impacts.

Application.  PSC 
regulations require 
the CPCN applicant 
to summarize the 
proposed project and 
its potential environ-
mental, social, cultural, 
and economic impacts.  
The application is 
often accompanied 
by an environmental 
review document that 
presents the applicant’s 
environmental and 
socioeconomic studies 
conducted in support 
of the application.  
Once the applicant has 
submitted a CPCN 
application to the 

Figure 1-1 The CPCN Licensing Process
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PSC, PPRP, in coordination with other state agencies, evaluates the potential impacts of the 
proposed project on Maryland’s resources, such as water (surface and ground water), air, 
land, ecology, and socioeconomics, including visual impacts.  In the case of transmission 
line projects, the need for the project is evaluated and a review of alternatives is conducted 
as part of the review process.  The PSC schedules a hearing at which all the parties to the 
proceeding actively participate and file their findings as formal testimony.

PSC Process and PPRP Review.  The PSC typically assigns a Hearing Examiner to the 
licensing case at a preliminary administrative meeting.  The Hearing Examiner then 
schedules a pre-hearing conference to establish an overall procedural schedule, including 
dates for public hearings.  The adjudicatory process commences with a discovery phase, 
then proceeds to the filing of direct testimony from the applicant summarizing the impact 
analyses that have been completed and providing the basis for the applicant’s request for a 
CPCN.  PPRP and any other parties that have intervened in the process may cross examine 
this testimony and present their own analyses in direct testimony.  PPRP’s testimony, 
presented on behalf of the various State agencies, typically includes initial recommended 
licensing conditions along with justifying analyses, which can be subject to vigorous cross 
examination by all parties.  Other intervening parties can prepare direct testimony and 
present their opinions and arguments in turn, and are also subject to cross examination.  
The Hearing Examiner also presides over public hearings to accept comments on a project 
from the general public.

The Hearing Examiner takes into consideration the briefs filed by the applicant, the State, 
and any other parties, recommended license conditions, and public testimony, and issues 
a decision in the form of a proposed order on whether or not the CPCN should be granted 
and under what conditions.  After a prescribed appeal period, a final order is released 
granting or denying the CPCN.

1.2 CEIR-15 Highlights
This CEIR provides a comprehensive overview of issues related to power plants and 
transmission lines in Maryland.  Some of these topics have been under investigation for 
decades, with the scientific understanding continuing to progress.  Other areas have gained 
prominence more recently in response to new advances in technology and economic or 
policy changes.  Highlighted below are a few issues that are discussed in more detail 
within this report.

Update on Proposed Expansion of Nuclear Power Generation Capacity.  Nuclear power 
generation provides abundant and reliable energy.  Because nuclear power plants do not 
burn fossil fuels (oil, natural gas, coal) to generate electricity, they are relatively free of 
harmful air emissions.  As part of the 2005 Energy Policy Act, the U.S. Congress created 
substantial financial incentives for new nuclear power development, and renewed inter-
est in the technology has since been growing.  The existing Calvert Cliffs Nuclear Power 
Plant in Calvert County is currently seeking licensing approval for the construction of new 
nuclear generating capacity.  [More information on page 27]

Investments in New Transmission Infrastructure.  Due to significant electrical load 
growth within Maryland and the region in general, PJM (Maryland’s Regional Transmis-
sion System Operator) and electric transmission entities have indicated that the transmis-
sion and distribution system is in need of additions and reinforcements to maintain reliable 
service to customers.  After being relatively dormant for several years, transmission line 
licensing activity has recently picked up, and transmission companies are currently seeking 
permits for major new projects.   Transmission line projects can involve potential ecological 
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impacts associated with the loss of sensitive habitats and the crossing of streams, wetlands, 
and even the Chesapeake Bay, as well as potential impacts to cultural resources.  [More 
information on page 108]

Sustainable Energy Resources.  The use of renewable resources such as biomass, solar, 
wind, and hydroelectric energy continues to expand in Maryland.  These types of generat-
ing technologies have generally less environmental impact than conventional power 
plants that burn fossil fuels, and can diversify Maryland’s fuel mix.  Each has its own set of 
potential drawbacks, including land requirements, cumulative environmental impacts, and 
cost.  Therefore, as with any new generating facility, proposals must be carefully evaluated.  
The contribution of renewable energy sources to Maryland’s overall generation mix is quite 
small; however, the State has passed legislation that would require electricity suppliers 
in Maryland to obtain an increasing percentage of their power from renewable sources.  
[More information on pages 15 and 125]

Greenhouse Gas Initiatives.  Maryland joined RGGI in April 2007, which is a cap-and-
trade-based emission reduction program.  The first auction for RGGI allowances was 
held in September 2008, and RGGI began its first compliance period in January 2009.  In 
addition, the 2009 Maryland legislative session passed the Greenhouse Gas Emission 
Reduction Act of 2009 setting aggressive goals for cutting emissions within the state.  [More 
information on page 139]
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1 2 MW is equal to 2 million watts, enough power to meet the simultaneous peak demand of about 
500 homes.

Chapter 2 – Power Generation, 
Transmission, and Use

We call that fire of the black thunder-cloud "electricity," 
and lecture learnedly about it, and grind the like of it out 
of glass and silk: but what is it? What made it? Whence 
comes it? Whither goes it? 

- Thomas Carlyle
The Carlyle Anthology (1876)     

As a basis for discussing the impacts of power plants in Maryland, it is helpful to under-
stand how electricity is generated, transmitted, and used within the state.  This chapter 
provides information on the electric industry in Maryland, from generation to end usage, 
as well as how supply and demand dynamics affect price. 

2.1 Electricity Generation in Maryland
Currently in Maryland, 38 power plants with generation capacities greater than 2 mega-
watts (MW)1 are interconnected to the transmission grid.  The individual power plant sites 
are listed in Table 2-1 and locations are shown in Figure 2-1.  In aggregate, Maryland power 
plants represent approximately 13,500 MW of operational capacity.  The largest portion of 
Maryland’s generating capacity comes from fossil fuel (see Figure 2-2), with the remainder 
coming from nuclear and renewables. 

2.1.1	 Fossil	Fuels
Fossil fuel-fired power plants comprise approximately 80 percent of Maryland’s total 
installed capacity.  The primary fuel used for electricity production in Maryland is coal.  

Coal

Of the eight power plants in Maryland that burn coal, only one of them — Warrior Run 
— primarily uses coal mined in Maryland.  A portion of the coal burned at the R.P. Smith 
plant also comes from Maryland mines, supplemented by Pennsylvania coal.  Most 
Maryland power plants cannot efficiently burn coal mined in the state because they were 
designed for coal with higher volatility characteristics.  Based on 2008 data (the most recent 
figures available), more than 50 percent of the coal burned in Maryland plants was mined 
in West Virginia.  Going forward, compliance with the Maryland Healthy Air Act (HAA) 
regulations will likely include the increased use of sub-bituminous coal, largely from the 
Powder River Basin in Wyoming and Montana, which typically has a lower sulfur content 
than bituminous coal.  Table 2-2 lists the amount of coal purchased at each power plant and 
the state or country of origin.

Natural	Gas

In 2007, approximately 23 billion cubic feet of natural gas was used for electricity genera-
tion in Maryland, representing 11.5 percent of total statewide consumption for all uses.  
Currently, Maryland receives bulk natural gas from several pipelines that traverse the state 

M a r y l a n d  C u M u l at i v e  e n v i r o n M e n ta l  i M pa C t  r e p o r t  —  1 5 t h  e d i t i o n
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Table 2-1   Operational Generating Capacity in Maryland (>2 MW)

Owner Plant Name Fuel Type

Nameplate 
Capacity 

(MW)

INDEPENDENT POWER PRODUCERS

AES Enterprise Warrior Run Coal 229

Allegheny Energy Supply R. P. Smith Coal 110

Baltimore Refuse Energy Systems Co. BRESCO Waste 65

Brookfield Power Deep Creek Hydroelectric 20

Conectiv Energy Supply Crisfield Oil 10

Constellation Generation Group Brandon Shores
Calvert Cliffs
C. P. Crane
Notch Cliff
Perryman
Philadelphia Road
Riverside
H. A. Wagner
Westport

Coal
Nuclear
Coal
Natural Gas
Oil/Natural Gas
Oil
Oil/Natural Gas
Coal/Oil/Natural Gas
Natural Gas

1,370
1,829

416
144
404
83

244
1,059

121

Exelon Generation Company, LLC Conowingo Hydroelectric 550

INGENCO Newland Park Landfill Landfill Gas/Diesel 6

Mirant Chalk Point
Dickerson
Morgantown

Coal/Natural Gas
Coal/Natural Gas
Coal

2,563
930

1,548
Montgomery County Resource Recovery Facility (RRF)

Gude Landfill
Waste
Landfill Gas

68
3

NRG Vienna Oil 183
Panda Energy Brandywine Natural Gas 289
Pepco Energy Services Eastern Landfill

National Institutes of Health 
Landfill Gas
Natural Gas

4
23

Prince George’s County Brown Station Road Landfill Gas 7
Suez Energy North America Millennium Hawkins Point

University of Maryland –  
College Park

Oil/Natural Gas
Oil/Natural Gas

11
27*

PUBLICLY OWNED ELECTRIC COMPANIES
Berlin Berlin Oil 9
Easton Utilities Easton Oil 69*
Old Dominion Electric Cooperative Rock Springs Natural Gas 770
Southern Maryland Electric Cooperative Chalk Point Turbine Natural Gas 84
SELF-GENERATORS
American Sugar Refining Co. Domino Sugar Oil/Natural Gas 18
MD Department of Public Safety and Corrections Eastern Correctional Institution (ECI) 

Cogeneration Facility
Wood Waste 4

Severstal Sparrows Point Natural Gas/Blast Furnace Gas 120
New Page Luke Mill Coal/Black Liquor 65
Solo Cup Solo Cup – Owings Mills Natural Gas 11
Total 13,466

* Facilities comprised of multiple units, with each individual unit less than 25 MW.

Note:  Facilities listed are all interconnected to the electricity grid, export power to the grid, and were required to obtain a CPCN.
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(see Figure 2-3).  Interstate gas suppliers operate storage areas, usually in depleted produc-
tion fields, where natural gas can be accumulated during low demand periods and released 
during high demand periods.  Maryland has one such storage area, Accident Dome in 
Garrett County, with a storage capacity representing 2 percent of the underground gas 
storage capacity in our region (the states of Maryland, New Jersey, Pennsylvania, Virginia, 
and West Virginia).  Other potentially suitable sites may exist in Western Maryland.

Rising natural gas prices during the last decade has stimulated the construction of new 
terminal capacity to import liquefied natural gas (LNG).  Natural gas wellhead prices were 

Figure 2-1 Power Plant Locations In and  
Around Maryland
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Figure 2-2 Power Plant Capacity and Generation in Maryland by Fuel Category 

Source:  Energy Information Administration
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Table 2-2  Tons of Coal Purchased at Maryland Power Plants in 2008

Origin of  
Coal

Brandon 
Shores

H.A. 
Wagner C.P. Crane

Morgan- 
town

Chalk 
Point Dickerson

Warrior 
Run

R. Paul 
Smith

Total By 
State/ 
Country

% By  
State/ 
Country

West Virginia 3,039,104 650,875 76,392 836,691 1,036,198 855,264 6,494,525 54.29%

Pennsylvania 547,807 1,435,534 678,984 237,409 59,763 205,499 3,164,997 26.46%

Kentucky 142,390 181,297 528,403 852,090 7.12%

Maryland 694,077 85,411 779,488 6.52%

Columbia 145,385 262,913 408,298 3.41%

Wyoming 65,339 197,224 262,563 2.19%

Total by Plant 3,326,879 897,511 821,423 3,063,541 1,715,183 1,092,674 753,840 290,910 11,961,961  

Note:  Brandon Shores, H.A. Wagner, C.P. Crane and Warrior Run data represents total coal consumed during 2008.

in the range of $2.00 per thousand cubic 
feet throughout the 1990s, then started 
a steady increase, doubling to $4.00 by 
2001 and reaching a high of $10.82 in 
mid-2008 (see Figure B-4 in Appendix 
B for more information on fuel prices).  
Due to the economic slowdown, natural 
gas prices have been decreasing since 
June 2008 and were an average of $4.79 
for the first half of 2009. 

In Maryland, the Cove Point facility, 
one of nine existing U.S. LNG import 
facilities, began accepting new deliveries 
of LNG in the late summer of 2003 and 
in March 2009 completed an expansion 
that nearly doubled the capacity of the 

facility to an output of 1.8 billion cubic feet per 
day.  The Cove Point facility receives LNG imports 
from several different countries.  Currently, Cove 
Point sources are Egypt, Norway, and Trinidad and 
Tobago.  

In January 2009, the Federal Energy Regulatory 
Commission (FERC) approved the AES Sparrows 
Point LNG Terminal and Mid-Atlantic Express 
Pipeline project (Figure 2-4).  The project will be able 
to store an estimated 17 million cubic feet of LNG at 
the terminal, and vaporize and inject approximately 
1.5 billion cubic feet per day of natural gas into the 
Northeastern U.S. pipeline system.  The capabil-
ity to import LNG expands the potential sources 
of supply, which would otherwise be limited to 
reserves in the United States and Canada.  

Petroleum

A small amount of electricity — approximately 2 percent of the state’s total — is generated 
by combusting distillate or residual fuel oil.  According to the EIA, fuel oil consumption 

Figure 2-3 Interstate Natural Gas Pipelines in Maryland

Figure 2-4 Proposed AES Natural Gas Pipeline

Source: http://www.aessparrowspointlng.com
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for electric power in Maryland totaled 78.4 million gallons for 2007, or about 7.9 percent 
of statewide consumption for all uses.  Since there are no crude oil reserves or refineries in 
Maryland, all supplies of petroleum necessary to meet the state’s consumption needs are 
imported.  Petroleum is transported via barge to the port of Baltimore and via the Colonial 
Pipeline.  The Colonial Pipeline, a major petroleum products pipeline, traverses the state 
on its way to New York.  Mirant also obtains fuel oil for its Chalk Point and Morgantown 
plants through its Piney Point terminal in St. Mary’s County.

2.1.2	 Nuclear	
Maryland is home to one nuclear power facility, Constellation Energy’s Calvert Cliffs plant.  
In March of 2000, the U.S. Nuclear Regulatory Commission (NRC) approved a 20-year 
extension to the original operating licenses for Units 1 and 2.  The units’ licenses will expire 
in 2034 and 2036, respectively.  This 1,829 MW facility represents approximately 14 percent 
of the state’s total electricity generation capacity and accounted for more than one fourth of 
the state’s total generation in 2007.  UniStar Nuclear, a partnership between Constellation 
Nuclear and Électricite de France (EDF), a large, European-based energy company, has 
received a Certificate of Public Convenience and Necessity (CPCN) from the Maryland 
Public Service Commission (PSC) and has applied for a license from NRC to add a third 
unit at the Calvert Cliffs site (see Section 2.2.1).

2.1.3	 Renewable	Resources
Presently, there are four types of renewable resources in use or under consideration in 
Maryland:  wind, bio-based, solar, and hydropower.  Approximately 727 MW of generation 
capacity in Maryland comes from renewable resources, with hydroelectric accounting for 
the largest share (see Figure 2-5).    

Wind	Power	

Wind is a renewable resource and is abundant in some geographic 
areas.  The conversion of wind power to electricity is typically 
accomplished by constructing an array of wind turbines in a suitable 
location.  In order to better estimate Maryland’s wind resource 
capability, PPRP utilized two different methods, both incorporating 
a commercially available software package called WindFarm©.  

WindFarm©  is used to predict wind power output capacity from 
four wind resource areas, and extrapolate data resources areas 
across the state.  The second uses wind speed data prepared by 
AWS TrueWind Solutions for the Maryland Energy Administration 
(MEA) against a power curve of the 2.5 MW GE wind turbine that 
was used in the modeling analysis.  Using these two methods, PPRP 
estimates the total onshore wind resource capability in Maryland 
to be between 627 MW and 1,078 MW.  Figure 2-6 illustrates the 
prospective wind resource areas in Maryland that were evaluated in the analysis. 

Proposed	Maryland	Onshore	Wind	Projects

Five onshore wind projects in western Maryland have been announced, representing a total 
capacity of about 290 MW (see Table 2-3 and potential sites noted in Figure 2-7).  However, 
each of them has faced various challenges and none have yet begun construction.  The 
PSC granted CPCNs to two of the projects, and a PSC Hearing Examiner recommended 
granting a CPCN to a third.   The Maryland General Assembly passed legislation in 2007 
allowing new wind power facilities equal to or less than 70 MW in capacity to request an 
exemption from the CPCN requirement if:

Figure 2-5 Renewable Capacity in 
Maryland
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Note:  Figure does not include black liquor, a biomass-
based fuel that is co-fired with coal at the New Page 
facility in Luke, MD.
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• The wind plant is located on land;
• The electricity output is sold only on the wholesale market under an interconnection, operating, 

and maintenance agreement with the local utility; and
• The Commission allows for public input at a public hearing.

Such facilities will still be subject to any federal, State, and local approvals needed to 
address (among other things) erosion and sediment control, Federal Aviation Administra-
tion lighting requirements, and threatened and endangered species impacts.

A separate proposal from U.S. WindForce to construct up to 100 wind turbines in the 
Savage and Potomac State forests was halted after the State held two public hearings and 
received about 1,400 comments, the vast majority of which were opposed to allowing wind 
development on State-owned lands.  Subsequently, Governor O’Malley announced he will 
not permit wind development on State-owned lands.

Table 2-3  Proposed Wind Power Projects in Maryland

Project - Developer Name Proposed Size 
(MW) Location Nearest Town Status

Criterion – Clipper  70 Backbone Mountain Oakland Received CPCN exemption

Savage Mountain – U.S. 
WindForce 40 Savage Mountain Lonaconing CPCN was extended to March 

2010

Roth Rock – Synergics 50 Backbone Mountain Oakland Filed for a CPCN exemption

Dans Mountain – U.S.  
WindForce 70 Dans Mountain LaVale Received CPCN exemption

Eastern Wind – Synergics 60 Four-Mile Ridge Frostburg In early planning phase

Figure 2-6 Maryland Wind Resource Areas
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Clipper Windpower’s Criterion project on Backbone Mountain in Garrett County originally 
received a CPCN for a 101 MW project in 2003, but Clipper later reduced the size of the 
project to 70 MW and filed for an exemption.  This project was the first to receive the CPCN 
exemption and would consist of 28, 2.5 MW turbines, if constructed.  U.S. WindForce also 
received a CPCN in 2003 for its Savage Mountain project near Lonaconing, but the project 
has been delayed.  U.S. WindForce is also developing the 69.6 MW Dans Mountain project 
near LaVale and was granted a CPCN exemption in 2009 for that project.

Synergics proposed a 40 MW Roth Rock project in 2005, close to Clipper’s proposed project 
and 1.5 miles from the border of Maryland and West Virginia.  A PSC hearing examiner 
recommended granting a CPCN in 2006.  Following the legislation in 2007, Synergics 
withdrew its original CPCN application and in April 2009 filed for a CPCN exemption for 
a 50 MW project.  Synergics has a power purchase agreement with Delmarva Power and 
Light for Roth Rock and for the proposed 60 MW Eastern Wind project near Frostburg.

Offshore	Wind

Eight countries now have offshore wind plants providing energy to their grids – Denmark, 
Belgium, Sweden, Finland, Germany, the United Kingdom, the Netherlands, and Ireland.  
In total, there are 33 offshore wind projects representing 1,471 MW of generation capacity.  
The American Wind Energy Association lists the following advantages to developing wind 
offshore:
•	 Can use larger turbines because transport over water is easier.
•	 Wind resources are steadier and wind speeds higher.
•	 Offshore wind in the U.S. is closer to population centers reducing the cost of transmission.
•	 Offshore wind could spur economic activity (parts manufacture and/or assembly, and transport) 

and create green jobs in coastal areas.
•	 Some states with limited onshore wind resources have significant offshore wind resources, 

especially in the Northeast.
•	 Environmental impacts are limited with the foundations creating artificial reefs and European 

studies indicating birds avoid the wind farms.

Figure 2-7 Approximate Locations of Proposed Wind  
Energy Projects
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The Energy Policy Act of 2005 granted the Minerals Management Service (MMS) authority 
over the development of alternative energy projects on the Outer Continental Shelf (OCS), 
including wind power.  However, FERC has authority over “hydrokinetic” projects – tides, 
currents, and waves, and there has been some overlap in applications for permits between 
the two agencies.  On April 9, 2009, MMS and FERC announced that they had reached an 
agreement clarifying their agencies’ jurisdictional responsibilities over offshore renewable 
energy development.  Under the agreement:
• MMS has exclusive jurisdiction with respect to non-hydrokinetic projects, including the 

issuing of leases, easements, and rights-of-way, and will conduct all environmental reviews, but 
construction cannot begin until the company has received a license (or exemption) to construct 
from FERC; and

• FERC will have exclusive jurisdiction to issue licenses (and exemptions) for all hydrokinetic 
projects and will conduct all environmental reviews, but companies will be required to first 
obtain a lease through MMS.  

On April 22, 2009, MMS announced that it had finalized a framework for renewable energy 
production on the OCS.  The framework establishes a process for granting leases, ease-
ments, and rights-of-way for offshore renewable energy projects and methods for sharing 
revenue with adjacent coastal states.

Offshore wind power facilities have been proposed for development off both the Pacific 
and Atlantic Coasts (also in the Great Lakes), including off Delaware, Maryland, and 
Virginia.  The turbines would be located in federal waters and at least six miles off shore.  
Table 2-4 shows the offshore wind plants proposed near Maryland that have made some 
progress.  Bluewater Wind has also proposed building an offshore wind plant off Mary-
land’s eastern shore, out from Ocean City.  

Small	Wind	in	Maryland

Small wind turbines range in size from 20 watts to 100 kilowatts (kW). The smaller turbines 
(20- to 500-watt) are considered micro turbines and mostly used for small-scale specific 
applications such as charging batteries for recreational vehicles and sailboats. Turbines 
used in residential applications are typically sized from 400 watts to 100 kW, depending on 
the amount of electricity needed.  A typical home uses approximately 10,000 kilowatt-hours 
(kWh) of electricity annually, or about 830 kWh per month.  A wind turbine with a capacity 
of about 15 kW would provide approximately 300 kWh per month in a location with a 
14 mile-per-hour annual average wind speed.  The Maryland Environmental Service and 
MEA have an Anemometer Loan Program that lends wind measuring devices to locations 
interested in installing a small wind system.  The anemometer data assesses the wind 

Table 2-4  Proposed Offshore Wind Facilities Near Maryland

Project Location Size Status

Bluewater Wind Delaware Up to 600 MW Permitting/development underway, 25 year PPA with 
Delmarva Power for 300 MW.

Bluewater Wind New Jersey 348 MW Receiving $4 million grant from NJ BPU for meteorological 
towers.

Fisherman’s Energy New Jersey 350 MW Receiving $4 million grant from NJ BPU for meteorological 
towers.

Garden State Offshore 
Energy New Jersey 300 MW Winning bid from NJ Offshore Wind RFP, receiving $4 million 

grant for meteorological towers.

 
Source:  Offshore Wind website:  http://offshorewind.net/   
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resource at that particular site to allow a determination of whether it is suitable for a small 
wind turbine.

Windswept	Grant	Program

MEA launched the Windswept Grant Program in November 2007.  The program provides 
grants to individuals, businesses, and local governments to offset the cost of installing a 
small wind system.  In 2008, the grant amount was $1,500 per kW with a maximum of 
$3,000 per residential system and $5,000 per non-residential system.  For 2009, the grant 
amount was increased to $2,500 per kW with a maximum of $10,000 for both residential 
and non-residential projects.  Table 2-5 shows the grants awarded for 2008 and 2009, and 
the status of the projects as of January 2009.  The program has provided nearly $50,000 in 
total grants.

Cape Wind Project
Energy Management, Inc. is attempting to build the Cape Wind Project, America’s first offshore wind plant on Horseshoe Shoal in Nantucket 
Sound off the coast of Cape Cod.  The project will be over five miles from Hyannis and even further from most Cape Cod beaches.  The develop-
ers plan to paint the supporting towers to blend in with the sea and sky, making them visible only a half-inch above the horizon on clear days.  It 
will consist of 130 wind turbines and produce up to 420 MW of renewable energy.  In average winds, Cape Wind will provide three quarters of 
the Cape and Islands electricity needs.  In February 2009 MMS issued a mostly positive environ-
mental review and in March the Massachusetts Energy Facilities Siting Board voted to grant Cape 
Wind a Certificate of Environmental Impact and Public Interest that effectively combines all nine 
state and local permits related to the project’s transmission lines into one "composite certificate".  
The Cape Wind Project has been fiercely opposed by a coalition of influential residents who have 
funded the activities of the Alliance to Protect Nantucket Sound, a nonprofit organization that was 
formed in 2001 in response to Cape Wind’s proposal to build the wind plant.  The Alliance takes 
a position of support for wind power as an alternative energy source, but not in Nantucket Sound 
due to potential adverse economic, environmental and public safety impacts.  The Cape Wind 
developers have spent considerable time and funds countering the Alliance opposition.

Small Wind System
Home wind energy systems generally comprise a rotor, a generator or alternator mounted on a frame, 
a tail (usually), a tower, wiring, and the “balance of system” components:  controllers, inverters and/or 
batteries.

Through the spinning blades, the rotor captures the kinetic energy of the wind and converts it into 
rotary motion to drive the generator.  The amount of power a turbine will produce is determined 
primarily by the diameter of its rotor.  The diameter of the rotor defines its “swept area,” or the 
quantity of wind intercepted by the turbine.  The turbine’s frame is the structure onto which the rotor, 
generator, and tail are attached.  The tail keeps the turbine facing into the wind.  In general, the higher 
the tower, the more power the wind system can produce.  Relatively small investments in increased 
tower height can yield very high rates of return in power production.  For instance, to raise a 10 kW 
generator from a 60-foot tower height to a 100-foot tower involves a 10 percent increase in overall 
system cost, but it can produce 29 percent more power.

Source:  DOE – EERE, Small Wind Electric Systems, A Maryland Consumers Guide.

Table 2-5 Windswept Grant Program

Projects Approved for Grants Projects Completed
Planned 
Capacity 

(kW)
Completed 

Capacity (kW)
Fiscal  
Year Total Res. Com.

Local 
Govt. Total Res. Com.

Local 
Govt.

2008 9 8 0 1 9 8 0 1 16.2 16.2
2009 7 5 1 1 3 3 0 0 32.2 21.8

Source: Maryland PSC, Annual Report on the Status of Wind-Powered Generating Stations In the State of Maryland, February 1, 2009.
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Biomass	and	Waste-to-Energy	
In the energy production sector, biomass refers to biological material that can be used as 
fuel.  Biomass fuels are most commonly created from wood and agricultural wastes, alco-
hol fuels, animal wastes, and municipal solid waste.  Biomass can be combusted to produce 
heat and electricity, transformed into a liquid fuel such as biodiesel, ethanol or methanol, or 
transformed into a gaseous fuel such as methane.  Maryland has several biomass-to-energy 
facilities including several that use landfill gas, waste wood, and black liquor (a bio-based 
byproduct of the pulp and paper industry).

Anaerobic	Digestion

Anaerobic digestion is a biological process that produces gas mainly composed of methane 
and carbon dioxide (CO2) in an oxygen-free environment.  Methane is the principle con-
stituent in natural gas and can be run through a reciprocating engine, used to fire a boiler 
or even to operate a vehicle.  It can be burned in every way natural gas can be burned.  An 
anaerobic digester is a technology used to speed the anaerobic digestion process and can be 
used on a large scale for wastewater treatment facilities or on a smaller sale on farms and 
with other biologic waste-producing businesses.  The methane gas created by anaerobic 
digestion can be used as a fuel for electricity generation, in the same way that landfill gas 
is used for electricity generation.  Anaerobic digestion facilities utilizing poultry litter 
qualify as Tier 1 facilities for the Maryland Renewable Portfolio Standard (RPS).  PPRP 
has conducted several studies examining the potential for using poultry litter as fuel for 
electricity generation in the state.  Many farmers are also looking at anaerobic digesters as a 
solution to their odor problem, along with the use of the waste gas for small scale electricity 
generation.

Landfill	Gas

Landfill gas (LFG) is created when organic solid wastes decompose in a landfill.  The 
amount of gas produced in a landfill depends upon the characteristics of the waste, the cli-
mate, the residence time of the waste, and operating practices at the landfill.  If no capture 
or extraction measures are employed, LFG will release into the atmosphere as a combina-
tion of methane and CO2, with small amounts of non-methane organic components.  If the 
LFG is extracted and combusted (e.g., flared or used for energy), then the methane pro-
duced in the landfill is converted entirely to CO2.  Both CO2 and methane are greenhouse 
gases; however, methane has 20 times the global warming potential of carbon dioxide, so 
converting methane to CO2 provides an important benefit.  Many landfills capture LFG and 
simply burn it off in a flare to prevent a potentially explosive buildup of gas.  Combusting 
LFG instead to generate power makes use of this otherwise wasted energy and also reduces 
odors, contaminants, and greenhouse gases.  Table 2-6 lists the LFG-to-energy projects that 
are currently operating in Maryland.  Not listed in the table is the Millersville LFG project, 
which collects the LFG and sells it to Fort Meade.

Cofiring	Biomass	Resources	with	Coal

Utility-scale cofiring of biomass and coal to generate electricity is relatively undeveloped 
in Maryland and most of North America.  However, cofiring biomass with coal may be a 
viable option for Maryland coal-fired electricity plants as energy companies seek alterna-
tive methods to meet both the State RPS and the Regional Greenhouse Gas Initiative 
(RGGI), described in Sections 4.1.1 and 4.2.1, respectively.  Significant hurdles to pursuing 
biomass cofiring are the availability, handling, and preparation of biomass fuels. 
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Most recently Easton Utilities (EU), a municipally owned utility based in Easton, Maryland, 
has proposed to conduct test burns of domestically produced B20 biodiesel blends at its EU 
Plant 1, which consists of 10 diesel generators with a combined capacity of 31.9 MW.  The 
generators currently all burn No. 2 fuel oil; however, four are duel-fired with natural gas.  
EU is considering the use of biodiesel to fulfill its REC requirements under the Maryland 
RPS requirement.  To accomplish this, EU successfully applied for and was awarded a 
grant in June 2008 by the MEA to cover the costs associated with the design and imple-
mentation of the project.  The test burns, which will be conducted on Units 13 and 14, are 
required to be completed by August 1, 2010.

Solar	
Currently, there are two primary solar generating technologies — photovoltaic (PV) and 
concentrated solar power (CSP).  Solar PV panels contain rows of solar cells (semiconduc-
tor devices usually made of crystalline silicon) electrically connected together and encapsu-
lated in a weatherproof packaging.  Multiple solar panels connected together are referred 
to as an “array”.  A solar PV system consists of the solar panels, a mounting system (roof 
or ground), and an inverter to convert the direct current (DC) electrical current to alternat-
ing current (AC) for household or commercial consumption.  Concentrating solar power 
comes in two forms.  Concentrating photovoltaics uses mirrors to focus direct sunlight onto 
photovoltaic cells or panels to create electricity, and concentrating solar thermal uses direct 
sunlight and mirrors to provide high temperature heat to generate steam that can than be 
used in a conventional power plant.

Table 2-6 Landfill Gas Projects in Maryland

Landfill Name  
and Location

Total Waste in 
Place  
(2006 tons) Project Status

LFG Energy 
Project 
Start Date

LFG Energy 
Project Type

MW 
Capacity

Project 
Developer

Brown Station Rd.
(Prince George's County)

8,900,000 Operational
Operational
Operational

1987
1987
2003

Recip. Engine
Boiler
Recip. Engine

2.6
Steam
3.5

PG County

Sandy Hill 
(Prince George’s County)

5,126,000 Operational 2003 Boiler Steam Toro Energy

Eastern/ White Marsh 
(Baltimore County)

5,000,000 Operational 2006 Recip. Engine 3 Pepco Energy 
Services

Newland Park 
(Wicomico County)

2,765,000 Operational 2007 Recip. Engine 2.6 INGENCO

Central Landfill 
(Worcester County)

1,700,000 Operational 2008 Recip. Engine 2.0 Curtis Engine

Gude 
(Montgomery County)

4,800,000 Shutdown
Operational

1985
2009

Recip. Engine
Recip. Engine

2.0
0.8

Covanta
SCS Engineers

The Oaks 
(Montgomery County)

6,874,000 Operational 2009 Recip. Engine 2.4 SCS Engineers

Quarantine Rd. 
(Baltimore County)

8,468,000 Operational 2009 Cogeneration 4.2 Ameresco Federal 
Solutions

Reichs Ford Landfill 
(Frederick County)

4,083,000 Construction 2010 Recip. Engine 2 DCO Energy

Notes:  The U.S. EPA Landfill Methane Outreach Program defines a candidate landfill as one that is accepting waste or has been closed for five years or less, has 
at least one million tons of waste in place, and does not have an operational or under construction project; or is designated based on actual interest or planning.  
Gude and Sandy Hill landfills are closed and are no longer accepting waste.  The LFG facilities continue to operate.  LFG from Sandy Hill is combusted to 
generate heat only, not electricity.
The capacity rating of Newland Park reflects the capacity rating for single fuel/LFG mode landfill gas and not the maximum capacity rating of 6 MW which 
includes use of diesel fuel. 
Source:  U.S. EPA Landfill Methane Outreach Program database.
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Maryland has a marginal solar resource with respect to developing large, utility-scale 
PV and CSP installations, as is illustrated in Figures 2-8a and 2-8b.  However, Maryland 
has several policies in place that encourage the deployment of smaller scale (distributed) 
solar systems.  The first is the State’s RPS which calls for 20 percent renewable energy by 
2022, including two percent that must come from solar energy sources.  Additional policy 
mechanisms include State tax credits, grants, loans, and rebate programs, along with net 
metering and interconnection standards (discussed in greater detail in Section 4.1) that help 
facilitate connecting solar energy systems to the transmission grid (see Table 2-7). 

Table 2-7 Maryland Incentives for Solar Energy Development

MEA Solar Energy Grant Program Provides grants for Solar Energy Systems:

$1.25/watt for first 4,000 watts

$1.00/watt for next 4,001 to 8,000 watts

$0.50/watt for next 8,001 to 10,000 watts

Maximum grant for a PV system is $10,000

Clean Energy Production Tax Credit Tax credit of 85 cents/kWh for first five years

County Property Tax 
Credits

Anne Arundel 50% of installed system cost to a maximum of $2,500

Harford 100% of real property tax to a maximum of $2,500

Howard 50% of installed system cost to a maximum of $5,000

Montgomery 50% of installed system cost to a maximum of $5,000

State Sales Tax Credit 100% exemption on solar energy equipment

The most prominent example of a state with average solar resources that has been success-
ful in creating a robust solar market is New Jersey.  Similar to Maryland, New Jersey also 
provides strong policy support of solar technologies.  That state’s 20 percent RPS require-
ment features a 2.12 percent solar PV set-aside.  Currently, New Jersey has over 3,100 solar 
PV systems installed throughout the state, second only to California. New Jersey set a 
national standard with its net metering policy, upon which many other states are modeling 
theirs.  The net metering policy allows for PV systems to connect directly to the distribution 
system and compensates system owners for the generation of clean, emission-free electric-
ity that is fed back into the grid.  The Maryland RPS has begun to stimulate some activity 
in this sector in Maryland.  As of March 1, 2009, there were 94 Maryland Solar Renewable 
Energy facilities registered in PJM’s Generation Attribute Tracking System (GATS) and a 
total of 252 Maryland Solar Renewable Energy Credits (RECs) had been issued to date. 

Thin Film Solar Technology
Thin film solar cells are fast addressing solar power’s biggest roadblock: cost.  The thin film cells 
are constructed from slim layers of a semiconductor material, attached onto a low cost backing, 
such as glass or stainless steel sheets.  Less energy and less material is needed in the process than 
would be for a typical silicon solar cell, which is encouraging to those looking to make solar 
power a more cost-effective clean energy resource.  They are also an appealing alternative to 
the cells traditionally used, as their light weight means they have numerous applications – from 
photovoltaic siding to roof shingles.

The advancements in thin-film solar technology are arriving at a rapid pace, with efficiency begin-
ning to breach the range reached by the silicon-based solar cells.  For now, however, the research 
continues to be ongoing. 

The McCormick 
PV Facility
In January 2009, one of Maryland’s 
biggest solar power installation 
projects was completed by 
McCormick and Company, Inc., 
an American food company 
specializing in spices and season-
ings.  The project, carried out by 
Constellation Energy’s Projects 
& Services Group, provides the 
clean energy to McCormick’s 
Hunt Valley Distribution Center 
and their neighboring Spice Mill, 
which happens to be McCormick’s 
chief milling and grinding facility.  
The solar energy produced is 
actually owned by Constellation 
Energy’s Project & Services Group, 
and purchased by McCormick and 
Company in a twenty year power 
purchase agreement. 

The end result, consisting of 2,100 
Solar World 175 watt crystalline 
solar panels and a staggering 
92,000 square feet of thin-film 
photovoltaic material, is projected 
to generate around one megawatt 
per year, and decrease McCor-
mick’s electricity costs by roughly 
30 percent for the two facilities in 
the first year of operation.  
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Figure 2-8a Quality of the PV Resource 

Figure 2-8b Quality of the CSP Resource
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Hydropower
Hydropower is one of the oldest sources of power, used thousands of years ago to grind 
grain.  The first U.S. hydroelectric power plant began operations in the 1880s.  Hydrokinetic 
energy refers to energy harnessed directly from moving water and includes run-of-river 
hydro, wave, and tidal energy projects.  

A hydroelectric dam is the most well known form of hydropower production, often built 
on a very large scale by closing off an entire river and forming a large lake-like reservoir.  
Pumped storage hydro uses off-peak energy to pump water up to an elevated reservoir, 
which is then used to create electricity during peak hours. 

Maryland has two larger-scale hydroelectric dam projects (greater than 10 MW capacity) 
and seven additional small-scale facilities.  Maryland’s hydroelectric plants are listed in 
Table 2-8 with locations shown in Figure 2-9.  Chapter 3 includes further discussion about 
hydroelectricity and its impacts (see page 76).

Wave and tidal power also harness the energy of moving water, specifically in ocean set-
tings.  Wave energy facilities float in the water and work off of the up and down motion of 
the waves.  Tidal power is produced by tidal stream generators, which capture the kinetic 
energy of moving water caused by tidal currents or the fluctuation of the sea level due 
to the tide.  They work much the same way as wind power generators but because water 
is much denser than air and tides are steady and almost continuous, the generators can 
produce significantly more power.  Maryland has a limited tidal resource as the tides in the 
Chesapeake Bay tend to be only  2 - 4 feet high and dispersed through a large area.  Some 
potential exists for small-scale projects that may provide localized electricity in the future.

2.2 New and Proposed Power Plant 
Construction 

The PSC has received 23 CPCN applications for new generation over the past eight years, 
representing several thousand megawatts of potential generating capacity (see Figure 
2-10).  While the majority of these proposed plants did obtain a CPCN, only 11 are now in 
operation, with the remainder being delayed or abandoned because of various financial or 
commercial reasons.  Several projects, however, are still considered viable.  For example, 
in 2007 the Kelson Ridge site was purchased by CPV Maryland with plans to develop the 
site as a new generation facility.  The project, a 640 MW natural gas-fired facility, received a 
CPCN in October 2008.

Proposed Tidal Power Project 
on the Indian River Inlet in 
Delaware
A Maryland firm has proposed tapping energy from the Indian River 
Inlet’s fast tidal currents by fixing a chain of single-file floating turbines 
to the inlet bottom, with electricity generated on incoming and outgoing 
tides.  The Annapolis-based UEK Corp. wants to install 25 twin turbines 
with a capacity of about 10 MW.  The inlet is fairly deep and nearly 100 
yards wide where tides can reach a speed of six knots, making it one of 
the fastest-running tides on the East Coast.  The turbines would be about 
45 feet beneath the surface, marked with buoys, and screened to protect fish.  The proposed power plant is currently mired in opposition but 
in August 2008 UEK received a grant from the Delaware Department of Natural Resources Green Energy Office to install a twin turbine at the 
Indian River Power Plant that will generate electricity from the cooling tower outflow.  If testing on the first turbine goes well, the company will 
add four additional turbines that will be able to generate approximately 442 kWh per year from the tide's kinetic energy.
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Figure 2-9 Locations of Hydroelectric Facilities in Maryland
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Table 2-8  Hydroelectric Projects in Maryland 

Project  
Name

Project 
Capacity

River / 
Location

FERC 
Project 
No. Owner

FERC 
License Type

FERC 
License 
Issued

FERC 
License 
Expires

Year  
Operational

Large-Scale Projects

Conowingo 549.5 MW Susquehanna / 
Conowingo,  
Harford County

405 Susquehanna Power Co. and 
PECO Energy Power Co.

Major

 License

1980 2014 1928

Deep Creek 20* MW Deep Creek / Oakland,  
Garrett County

-- Brookfield Power None** -- -- 1928

Jennings-
Randolph 
(proposed)

13,400 kW North Branch Potomac 
River/ Bloomington, 
Garrett County

12715 Fairlawn  
Hydroelectric  
at COE dam

Preliminary 2007 2011 (proposed)

Small-Scale Projects

Potomac Dam 4 1,900 kW Potomac River / 
Shepherdstown, WV

2516 Allegheny Energy Supply Major License 2004 2033 1909

Potomac Dam 5 1,210 kW Potomac River/  
Clear Spring, Washington 
County

2517 Allegheny Energy Supply Major License 2004 2033 1919

Gores Mill 10 kW Little Falls /  
Baltimore County

-- C. Lintz None -- -- 1950s

Parker Pond 40 kW Beaver Dam Creek / 
Wicomico County

-- W.H. Hinman None -- -- 1950s

Wilson Mill 23 kW Deer Creek / Darlington,  
Harford County

-- H. Holloway None -- -- 1983

Gilpin Falls 396 kW Northeast Creek / 
Pleasant Hill, Cecil 
County

3705 American Hydropower 
Company

License

Exemption

1982 -- 1984

Brighton 400 kW Patuxent River /  
Clarksville, Montgomery 
County

3633 Alternative Energy Associated 
Limited Partnership

Minor

License

1984 2024 1986

* Nameplate capacity listed in EIA-860 database. 

** Deep Creek Hydroelectric Project is administered under a Maryland water appropriations permit from MDE, which expires January 1, 2018.
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The process by which new power plants were proposed and developed in Maryland has 
changed as a result of the move to retail competition and electrical utility restructuring.  
Maryland’s regulated utilities are no longer responsible for building new generation.  
Resource planning resides with the competitive electricity market, driven by economics 
and price signals.  High prices that result from tight supply markets attract investors and 
developers; low prices that result from over-supplied markets discourage investors from 
entering the market. This trend produces a situation where many power plants are pro-
posed and built in a short time frame followed by a period where few plants are built.  The 
PJM Interconnection, LLC (PJM) region experienced a boom in power plant development 
between 1999 and 2003.  Figure 2-11 shows the amount of capacity on-line for Maryland, 
Pennsylvania, and the region.  In the late 1990s, with the transition to a restructured market 
and increased reliance on independent power producers, the amount of new capacity in the 
region leveled off and then rose more steeply before leveling off again in 2004.  In 2002, the 
wholesale power prices were unusually low, making some projects uneconomic.  Projects 
that had started construction prior to the decrease in wholesale market prices went on-line 
by 2004, after which there was a slowdown in new facilities coming on-line in the region.  
With the majority of new facilities being developed to the west of the major load centers of 
Washington, Baltimore, Philadelphia, and New York, it has become increasingly difficult 
and expensive to transport electricity over congested transmission lines.  Wholesale power 
prices have been increasing steadily in the last several years, doubling between 2002 and 
2008.  Additionally, the introduction of PJM’s new capacity market has caused capacity 
prices to change from a low of $5.73/MW-day in 2006 to $153.35/MW-day for 2009.  It is 
envisioned that the increase in prices will ultimately lead to more capacity being built in 
Maryland.

Figure 2-10  CPCN Requests 2000 - 2008 

CPCN Issued
PG County 4 MW landfill gas
UMCP 27 MW co-gen
Kelson Ridge 1650 MW natural gas
Allen Foods 4 MW co-gen
MD Central Plant 2 MW co-gen
Sweetheart Cup 11 MW co-gen
Inner Harbor East 2 MW natural gas
Eastern Landfill 4 MW landfill gas
Chalk Point expansion 340 MW natural gas
Dickerson expansion 740 MW natural gas
Clipper 101 MW wind
Savage Mountain 40 MW wind
Easton expansion 9 MW oil
Catoctin Power 600 MW natural gas
Newland Park 6 MW landfill gas
Cove Point 12 MW natural gas
Gould Street reactivation 100MW natural gas
Calvert Cliffs Unit 3 1600 MW nuclear
CPV St. Charles 640 MW natural gas
Riverside reactivation 85 MW natural gas

CPCN Application Withdrawn
Duke Energy 640 MW natural gas
NRG Vienna expansion 350 MW oil
Synergics 40 MW wind

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

= Project is operational
= Project is not operational

Bar length indicates the duration of the CPCN process from the time the application was filed to the time it was 
withdrawn or a PSC order was filed.  Bar coloring indicates whether the project is now in operation:
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2.2.1	 Calvert	Cliffs	Expansion	
Construction of new nuclear power plants in the U.S. 
has been stagnant since the Three Mile Island accident 
in 1979 – but that appears to be changing.  Higher 
wholesale market prices combined with improvements 
in nuclear plant design and increasing concern over 
greenhouse gases are leading investors and power 
companies to consider building new nuclear facilities.  
Furthermore, as part of the Energy Policy Act of 2005, 
Congress provided $3.1 billion in tax credits for new 
nuclear facilities, along with liability protection and 
compensation for legislative delays.  

In 2007, Constellation and EDF launched the joint 
venture UniStar Nuclear with the intent to develop 
new nuclear facilities in the U.S. and Canada.  Along 
with partners AREVA and Bechtel, UniStar is pursuing 
plans for Calvert Cliffs Unit 3, a new 1,600 MW nuclear 
reactor just south of the two existing units that Constel-
lation operates at Calvert Cliffs.  The new AREVA 
reactor would be one of the largest in the world, and its 
addition to the existing Calvert Cliffs site would nearly 
double the site generating capacity.

The proposal of a new nuclear facility in Maryland brings with it siting, environmental, 
health, and community issues that need to be addressed as part of the licensing processes 
overseen both at the federal level by the NRC and the Army Corps of Engineers, and 
at the state level as part of the CPCN proceedings before the Maryland Public Service 
Commission (PSC).  UniStar applied for a CPCN in November 2007, and the PSC docketed 
Case No. 9127 to examine the application.  As with any proposed power plant, PPRP was 
responsible for providing a consolidated set of recommendations to the PSC based on a 
comprehensive review of issues to protect the interests of the State.  PPRP conducted an 
extensive environmental review of the proposed project including an assessment of:
•	 Air quality impacts;
•	 Water supply and ground water quality impacts; 
•	 Ecological issues, including impacts to threatened and end angered species; and
•	 Socioeconomic, aesthetic, and cultural resource impacts.

These studies allowed the State Agencies to conclude that the new facility can be con-
structed and operated in such a way that will not cause any unacceptable environmental 
or socioeconomic impacts, and therefore, recommended that the PSC grant the CPCN, 
provided a number of environmental and socioeconomic conditions are met.  The PSC 
issued a final order granting the CPCN, subject to conditions, in June 2009.  

Federal licensing of a new nuclear facility will address site suitability, technology selection 
and safety, environmental impacts, and waste disposal.  The State has an opportunity to 
comment on the federal licensing process as a participant in the case.  UniStar submitted its 
first partial Combined Operating License (COL) application to the NRC in July 2007 with 
the remaining portions submitted in March 2008.  In June 2008, the filing was accepted as 
complete by the NRC, and the agency began its detailed review.  The NRC also initiated 

Figure 2-11 Regional Installed Capacity
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work on its Environmental Impact Statement (EIS) as required under the National Environ-
mental Policy Act.  The NRC plans to issue a draft EIS in early 2010 for public review and 
comment.  

2.3 Electricity Distribution
There are 13 utilities distributing electricity to customers in Maryland (see Table 2-9).  Four 
of these are large investor-owned electric companies organized as for-profit, tax-paying 
businesses:  Allegheny Power; Baltimore Gas and Electric (BGE); Delmarva Power; and 
Potomac Electric Power Company (Pepco).  They are owned by three holding companies 
— Allegheny Energy; Constellation Energy; and Pepco Holdings, which owns both 
Delmarva and Pepco.  Maryland’s investor-owned utilities serve approximately 90 percent 
of the customers in the state.  Five utilities are owned and operated by municipalities 
providing local distribution to a specific area.  Four utilities are electric cooperatives, serv-
ing generally less populated rural areas.  The service territories for the state’s distribution 
companies are illustrated in Figure 2-12.

Table 2-9  Maryland Electric Distribution Companies

Company Number of Maryland Customers

INVESTOR OWNED

Allegheny Power  252,432 

Baltimore Gas and Electric  1,233,062 

Delmarva Power & Light  203,082 

Potomac Electric Power Co.  518,248 

Subtotal  2,219,599 

MUNICIPAL SYSTEMS

Town of Berlin  2,352 

City of Hagerstown  17,645 

Easton Utilities Comm.  10,336 

Thurmont Municipal Light Co.  2,865 

Town of Williamsport  1,012 

Subtotal  34,210 

COOPERATIVES

A & N Electric Coop  389 

Choptank Electric Coop, Inc.  51,641 

SMECO  144,727 

Somerset Rural Electric Cooperative  793 

Subtotal  197,550 

TOTAL CUSTOMERS  2,451,359 

Sources: Maryland Public Service Commission Electric Choice Enrollment Report and Energy Information 
Administration, EIA861 Database, 2005
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2.4 Electricity Markets and Retail 
Competition

Effective July 2000, the Maryland Electric Customer Choice and Competition Act of 1999 
restructured the electric utility industry to allow Maryland businesses and residents to 
shop for power from various suppliers.  Retail customers can now purchase generation 
from competitive retail electric suppliers.  Transmission and distribution services continue 
to be regulated by federal and state government entities.  This section describes the major 
elements of the electricity markets and the factors influencing retail prices paid by end-use 
consumers; a more detailed discussion of the markets is included in Appendix B.

2.4.1	 Wholesale	Markets	and	PJM	
In states with restructured markets, such as Maryland, electricity is generated by a power 
company that is separate from the entity responsible for transporting and delivering power 
to end-use customers.  Once the necessary permits and approvals are obtained, any entity 
can generate power, connect to the power grid, and either enter into bilateral contracts or 
participate in the PJM-administered markets for energy capacity and ancillary services.  
Entities selling energy on the wholesale market include competitive suppliers and power 
marketers that are affiliated with utility holding companies, independent power produc-
ers not affiliated with a utility, as well as traditional vertically integrated utilities located 
within the region that might sell any excess generation.  Entities that purchase energy in the 
wholesale market to supply to end-use consumers are referred to as load serving entities 
(LSEs) and can be either distribution utilities or independent energy suppliers.  Like many 
other commodities, electricity is frequently bought and re-sold several times before finally 
being consumed.  These sales and re-sale transactions make up the wholesale market. 

Figure 2-12 Electricity Distribution Service Areas
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PJM operates and monitors markets for the purchase and sale of both energy and capacity. 
• Energy refers to the electric power transported through transmission and distribution systems 

that is used by customers for light, heat, electronics, motors, or any number of applications over a 
given period of time.  Energy costs typically include fuel and operational expenses. 

• Capacity refers to the infrastructure and physical plant available to produce electrical power at 
any one point in time.  Costs for capacity typically include fixed and capital related costs. 

A reliable supply of energy depends upon sufficient electric generating capacity at times 
of high demand.  States that have restructured their retail electricity markets rely on a 
combination of energy markets and capacity markets to create sufficient economic incen-
tives for development of new generation capacity as that capacity is needed to serve the 
load.  Figure 2-13 shows the 2008 supply and demand in PJM.

PJM uses a uniform price auction based upon loca-
tional marginal prices (LMPs), which vary across 
PJM zones and according to time of day, to establish 
regional energy and capacity prices (see Appendix B 
for additional information).  Electricity generators bid 
in the amount of energy or capacity they would like to 
sell at a particular time and price.

Energy

For energy products, the PJM operator determines the 
hourly dispatch of plants on the basis of price bids 
submitted by suppliers.  Zone-wide energy prices are 
based upon the bids designating a price and quantity 
at which a generator is willing to sell electricity.  PJM 
stacks these bids from lowest price to highest price 
until it is able to satisfy the quantity required to meet 
demand in the zone.  It is the price of the last resource, 
the marginal price, that becomes the zone-wide energy 
component of the hourly LMP for the next operating 
day.  Day ahead and real time LMPs for 2008 are shown 
in  Table 2-10.

Figure 2-13 PJM Supply and Demand for 
2008
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Table 2-10 PJM Off-Peak and On-Peak Hourly Locational 
Marginal Prices for 2008

Day Ahead Real Time
Off Peak ($/MW) On Peak ($/MW) Off Peak ($/MW) On Peak ($/MW)

Average $53.11 $81.00 $53.76 $80.87
Median $46.92 $73.92 $43.38 $70.81

Note:  According to PJM’s independent market monitor, average LMPs have come down considerably in  
2009, though part of this can be attributed to general reductions in electricity demand and fuel prices.  After 
adjusting for fuel costs and load, an overall reduction of 11 percent in LMP has been realized for the first nine 
months of 2009.

Source: Monitoring Analytics, “2008 State of the Market Report for PJM,” March 11, 2009.
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Congestion	Costs

PJM must also account for congestion costs.  Congestion occurs between two delivery 
points on the transmission system when the transmission grid cannot accommodate the 
power flows between these locations.  During periods of congestion to accommodate the 
power supply requirements for the sink location, i.e., where the energy will be consumed, 
PJM must dispatch relatively uneconomic generation resources that are located at or near 
the load zone and that do not rely on the congested portion of the transmission grid.  The 
cost of congestion refers to the incremental cost of dispatching these uneconomic resources.  

Congestion most often occurs during times of peak demand, when transmission lines are 
reaching full capacity and certain sections become constrained, either due to physical, 
electrical, or operational limits.  LMP differentials between PJM regions (see Table 2-11) 
have been mainly due to congestion between the western region, where abundant low-cost 
generation is located, and the mid-Atlantic region, where the large load centers are located.  
PJM estimates that congestion added approximately $72.2 million in costs for BGE in 2008 
and $96.5 million in the Delmarva Power & Light zone.  Congestion and its relationship to 
electric system reliability are discussed in more detail in Section 2.6.3.  

Table 2-11  Average Annual LMP for 2008

Maryland $79.75 Pennsylvania $68.98
Washington, D.C. $80.57 West Virginia $55.02
Delaware $76.26 Ohio $52.64

Source: 2008 State of the Market Report, PJM MMU, March 2009

Capacity

Prior to electricity restructuring, Maryland, like most other states, would identify a need 
for generating capacity as part of the Integrated Resource Planning (IRP) process.  Capacity 
was constructed, typically by vertically integrated utilities, once a need was identified and 
a permit to construct was issued by the PSC.  The cost of building and operating the new 
generation capacity was included in customer rates, which were regulated by the PSC.  
With the movement toward electric industry restructuring, the generation function was 
placed in the competitive arena and the competitive market is relied upon to provide new 
generation sources to meet load requirements.  The capacity market was established by 
PJM to provide a mechanism to give incentives to power plant owners and developers to 
keep existing plants on-line and to construct new generating capacity as market conditions 
dictated.

PJM initiated its first capacity market, the Capacity Credit Market, in late 1998.  During the 
first few years, the PJM region experienced a boom in new plant construction, followed 
by a drop in capacity prices (from $18,124/MW-year in 1999 to $2,089/MW-year in 2005).  
With the drop in capacity prices came a decline in the development of new generation 
resources.  In 2007, PJM  modified the capacity market creating a new forward capacity 
market based on the PJM Reliability Pricing Model (RPM), a model of the expected supply 
and demand of capacity within PJM which requires LSEs to purchase or own capacity 
resources three years ahead of the  implementation year.  The RPM capacity market also 
provides LMPs (see Appendix B for details).

Prior to the development of RPM, capacity resource purchases and settlements were 
typically short-term transactions completed as needed during periods of high demand.  
This would produce volatile price signals, with capacity prices often dropping to near 
zero when real-time demand was low.  The risk of uncertain revenue streams increased 
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financing costs, making it increasingly difficult to attract investors to the PJM region.  PJM 
anticipated that by creating a longer-term (three-year) price signal for capacity resources, 
projects would have stable revenues in the early years, thereby lowering project finance 
risks and attracting new investors.  

The RPM forward capacity market is designed so that the responsibility for guarantee-
ing sufficient capacity resources rests with LSEs.  LSEs are required to satisfy a capacity 
obligation based on an average of their loads occurring coincident with the five highest 
annual PJM peaks, plus an additional reserve margin of approximately 15 percent.  LSEs 
may supply their own capacity resources by entering into bilateral contracts for capacity 
and providing PJM with a plan that demonstrates their ability to satisfy their individual 
reliability obligations.  Those LSEs that do not have sufficient capacity resources to cover 
their capacity obligations participate in the RPM capacity auction to contract for the neces-
sary resources. 

The RPM capacity market auction is a three-year forward annual auction, meaning that 
the auction for a given delivery year is held three years in advance of the delivery period.  
Capacity resources that participate in the auction are required to commit their resources for 
a full year.  Incremental auctions are held in the following two years to make adjustments 
or fill gaps in capacity requirements.  In the case of the 2012 delivery year, for example, the 
base auction was held in May 2009, with incremental auctions to be held in May 2010 and 
2011.  

The RPM is based on a derived demand curve that incorporates the cost of new entry 
(CONE), based on the cost of building a standard combustion turbine (CT) natural gas 
power plant.  The supply curve arises from the generator bids into the RPM auctions.  The 
value of CONE is a significant determinant of the demand curve so that, in conjunction 
with the results of the Base RPM auctions, one can derive a market clearing price for capac-
ity up to three years in advance of in-service dates.  

Results of the RPM auctions are provided in Table 2-12.  The capacity prices set by the 
auction process were significantly higher for the eastern area of PJM, where Maryland’s 
distribution utilities operate, compared to the remainder of PJM, primarily due to transmis-
sion constraints.  However, prices have converged further out for the 2010 to 2012 time-
frame, perhaps in anticipation of the new backbone transmission lines that are projected to 
be in service then (transmission and reliability are discussed later in this chapter). 

Table 2-12 RPM Base Auction Results

Delivery Year Rest of PJM BGE & Pepco Delmarva

June 2007 – May 2008 $40.80/MW-day $188.54/MW-day $197.67/MW-day

June 2008 – May 2009 $111.92 $210.11 $148.80

June 2009 – May 2010 $102.04 $237.33 $191.32

June 2010 – May 2011 $174.29 $174.29 $174.29

June 2011 – May 2012 $110.00 $110.00 $110.00

June 2012 – May 2013 $16.46 $133.37 $222.30

2.4.2	 Retail	Markets	and	Competition	
The fundamental objective of the 1999 Maryland Electric Customer Choice and Competi-
tion Act (the Act) was to foster retail electric competition as a means of achieving favorable 
retail prices, providing an array of alternative supply products (for example, green power 
supply), and giving customers a choice in their electric power supplier.  However, the 
competitive market has not developed as hoped when the legislation was adopted.  Imple-
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mentation of the Act included the capping of residential and small commercial customer 
rates for the state’s investor-owned utilities.  The caps kept rates at or even below the rates 
that competitive suppliers were able to offer, creating little incentive for suppliers to enter 
the market or for customers to choose alternative suppliers.

Immediately after implementation, some competition occurred in the Pepco region due 
to aggressive marketing by suppliers in this area.  By the summer of 2003, competitive 
suppliers had enrolled more than 70,000 residential and 10,000 commercial and industrial 
customers in this region, corresponding to 16 percent of total customer accounts and 28 
percent of the total load obligation in the region.  Shortly after the summer ended however, 
most competitive suppliers left the residential supply market because of the low level of 
customer interest, and by the summer of 2005, the number of Maryland residential custom-
ers served by competitive suppliers had fallen to less than 30,000 (primarily still Pepco 
customers).  Despite the expiration of rate caps (see schedule in Figure 2-14) and a sharp 
jump in retail electricity prices facing residential customers, only 2.8 percent of residential 
customers have selected an alternative supplier (see Table 2-13).  Even at its height in 2003, 
residential customer choice never surpassed 3.9 percent.  However, enrollment by com-
mercial and industrial customers has increased since 2006, when large commercial and 
industrial customers were first exposed to hourly market rates under the utilities’ default 
service offerings.

Table 2-13 Percentage of Customers Served  
by  Competitive Suppliers

Residential Small C & I Mid C & I Large C & I

2.8% 17.0% 47.3% 86.7%

Source: Maryland PSC, Electric Choice Enrollment – January 2009.

2.4.3	 Standard	Offer	Service
Residential and small commercial customers that do not choose to transact with a competi-
tive supplier are provided with electricity service from their local utility at rates approved 
by the PSC.  This utility-supplied service is referred to as Standard Offer Service (SOS).   
Table 2-14 lists retail suppliers’ residential rate offers compared to the default SOS rates 
offered by the regulated utilities for the summer of 2009.  As of June 2009, there were no 
suppliers offering residential electricity service in the Southern Maryland Electric Coop-
erative (SMECO), or Choptank Electric Cooperative service areas.  Allegheny Power has 

Figure 2-14 Maryland Rate Freeze Timelines
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just one competitive supplier offering residential retail electricity services, as Allegheny 
Power’s residential rate cap expired on December 31, 2008.  

As the rate caps expired, it became necessary to establish a new method of electricity 
supply for “non-shopping” customers.  The PSC presided over an extensive stakeholder 
process resulting in a competitive procurement framework through which each utility 
was required to procure one- to three-year power supply contracts to meet the needs of 
residential SOS customers.   Other PSC proceedings determined the framework through 
which utilities would procure SOS electricity supply resources for non-shopping intermedi-
ate commercial customers (those with peak demands of 60 kW to 600 kW), and extended 
the availability of SOS through at least May 2009.

Rate freezes have now expired for all residential customers, and with the price caps 
removed, customers now receive electricity at a price that is set by the wholesale market.  
Wholesale market prices have risen significantly since 2000, and residential customers have 
seen substantial increases in their electric bills since the removal of the price caps.  Figure 
2-15 compares the residential SOS rates in effect in 2002 and for each subsequent year.

Despite recent decreases in forward electricity 
prices, recent solicitations for SOS issued by 
Maryland’s investor owned utilities were 
unable to secure contracts with “reason-
able” prices.  For purposes of the utilities’ 
procurement processes, the reasonableness 
of a bidder’s price is determined by the 
Price Anomaly Threshold (PAT).  The PAT 
is a formula comprised of historical average 
data, forward electricity price quotes, and 
other cost factors that determine a range of 
costs that is reasonable and acceptable given 
current market data.  The PAT is designed 
to shield against the possibility that, for 
example, a scarcity of bidders could keep the 
auction from being competitive and could 
lead to companies winning electricity supply 
contracts at prices substantially above market.

In the fall of 2008, the bids in response to the 
SOS auctions for service to residential and 
small commercial customers of BGE, Pepco, 
Delmarva Power, and Allegheny Power were 
mostly disallowed due to their exceeding the 
PAT.  Following the third procurement effort 
to obtain acceptable bids and award contracts 

for the unserved load, held January 12th, 2009, the Commission issued Order 82418 in Case 
9064 directing the utilities, specifically BGE and Delmarva, to negotiate bilateral contracts 
with those qualified bidders whose bids were the lowest and secured at least one of the 
unfilled blocks bid in the January 12, 2009 solicitation.  BGE and Delmarva were able to 
negotiate the contracts for all blocks of the unserved load with electricity priced at a level 
that would have been accepted if such price had been bid during the January 2009 solicita-
tion.  SOS auctions held in the spring of 2009 provided prices that fell under the PAT and 
thus were deemed acceptable; however, there were very few participants in the auctions for 
residential SOS in the BGE and Allegheny Power service areas.  

Figure 2-15 Comparison of Summer Retail Electricity 
Rates for Residential SOS Customers, 2002 - 2007 
(cents/kWh)
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Based on the results of the fall 2008 and spring 2009 SOS auctions, suppliers are either not 
able or are not willing to provide reasonably priced electricity supply bids for Maryland 
SOS.  This is likely due to a combination of factors influencing electricity markets, listed 
below.
1. Conditions in the financial and credit markets add to the risk and price of all contracts.  In 

particular, the cost of collateral, a requirement of participating in the SOS contracts, has 
increased.  Furthermore, for those companies who have received a ratings downgrade the amount 
of collateral required would also increase.  

2. A lack of investment in new transmission and generation has led to increased capacity costs and 
credit constraints are likely to further delay construction of new facilities.  

3. There are fewer bidders able to participate in the auctions, both due to some consolidation in the 
industry and problems with the credit crisis making it more difficult for firms to qualify under 
the financial criteria applied to all prospective bidders.

Electric Suppliers Contract

August 
'09 Rates 
(Cents/
kWh)

BGE SERVICE AREA

BGE / Price to Compare N/A 0.1197
Commerce Energy, Inc.
 

100% Wind (12 mo.) 0.156
Sure Choice (12 mo.) 0.131
Sure Choice Plus (24 mo.) 0.135

Clean Currents 50% Wind (12 mo.) 0.113
50% Wind (24 mo.) 0.113
100% Wind (12 mo.) 0.118
100% Wind (24 mo.) 0.118

Horizon Power & Light Fixed (6 mo.) 0.1066
Fixed (9 mo.) 0.1085
Fixed (12 mo.) 0.1106

Washington Gas Energy 
Services
 

5% Wind (12 mo.) 0.108
5% Winds (24 mo.) 0.108
5% Wind (36 mo.) 0.109
50% Wind (12 mo.) 0.119
50% Wind (24 mo.) 0.109
100% Wind (12 mo.) 0.131
100% Wind (24 mo.) 0.131

DELMARVA SERVICE AREA 

Delmarva/Price to Compare N/A 0.1111

Horizon Power & Light Fixed (6 mo.) 0.1065
Fixed (9 mo.) 0.1087
Fixed 12 mo.) 0.1108

Washington Gas Energy 
Services
 

5% Wind (12 mo.) 0.099
5% Wind (24 mo.) 0.102
5% Wind (36 mo.) 0.114
50% Wind (12 mo.) 0.110
50% Wind (24 mo.) 0.113
100% Wind (12 mo.) 0.122
100% Wind (24 mo.) 0.125

Electric Suppliers Contract

August 
'09 Rates 
(Cents/
kWh)

PEPCO SERVICE AREA  

Pepco / Price to Compare N/A 0.1251

Clean Currents 
 

50% Wind (12 mo.) 0.112
50% Wind (24 mo.) 0.112
100% Wind (12 mo.) 0.117
100% Wind (24 mo.) 0.117

Horizon Power & Light Fixed (6 mo.) 0.1065
Fixed (9 mo.) 0.1087
Fixed (12 mo.) 0.1108

Washington Gas Energy 
Services
 

5% Wind (12 mo.) 0.108
5% Wind (24 mo.) 0.108
5% Wind (36 mo.) 0.109
50% Wind (12 mo.) 0.117
50% Wind (24mo.) 0.117

ALLEGHENY SERVICE AREA 

Allegheny Power/Price to 
Compare

N/A 0.0971

Washington Gas Energy 
Services

 

5% Wind (12 mo.) 0.081
5% Wind (24 mo.) 0.081
5% Wind (36 mo.) 0.086
50% Wind (12 mo.) 0.092
50% Wind (24 mo.) 0.092
100% Wind (12 mo.) 0.105
100% Wind (24 mo.) 0.105

SMECO SERVICE AREA  

SMECO/Price to Compare N/A 0.1189

CHOPTANK SERVICE AREA  

Choptank Power/Price to 
Compare

N/A 0.0891

Table 2-14 Residential Supplier Offers as of August 2009
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2.5 Reregulation
As envisioned, retail competition in the electricity sector would allow consumers to choose 
a power supplier based on personal preferences for the price and services.  Competing 
retail suppliers were expected to provide new products, risk management, demand 
management, and services to better match individual consumer preferences.  Capped 
electricity rates at below-market electricity prices hindered residential and small commer-
cial customer switching between 2000 and 2007.  However, even as the residential rate caps 
expired, switching rates remained very low and in early 2009, over 97 percent of residential 
customers continue to receive utility-provided SOS.

With electric industry restructuring, it was anticipated that market prices would provide 
signals to power plant developers and new power plant construction would result as 
market prices for electricity increased.  Since the late 1990s, however, very little new gen-
eration has been constructed in the mid-Atlantic, and concerns have arisen regarding the 
reliability of power supply in Maryland and other nearby states.  Construction of proposed 
high-voltage transmission lines would alleviate the potential for power supply shortages 
in the mid-Atlantic for the near term, but ultimately new power plants will need to be 
constructed near the load centers in the mid-Atlantic area as excess generation capacity in 
the Western portion of PJM is absorbed.  

The state of the Maryland electricity markets and retail competition has been under review 
by the PSC since the enactment of Senate Bill 1 in 2006.2  Lawmakers enacted legislation 
that incrementally re-regulates portions of the electricity sector in 2006 and 2007 (see Table 
2-15).  The matter was considered again during the legislative session in 2009, and is likely 

to be considered once again in legislation during the 2010 Session of the Maryland 
General Assembly. 

Senate Bill 400, Electric Industry Restructuring - Proceedings - Review and Evaluation, 
introduced and passed during the 2007 legislative session, directs the PSC to study 
and report on whether and how Maryland might “re-restructure” its electricity 
markets.  To this end, the PSC conducted several proceedings and issued a series 
of reports.  Specifically, the PSC modeled the potential economic cost or benefit to 
ratepayers if the fleet of Maryland electricity plants now owned by Mirant Corpora-
tion were returned to rate base regulation to serve the Pepco load.3  After consider-
ing the issues, the PSC concluded in the Final Report, Options for Re-regulation and 
New Generation, that the costs and risks of implementing “full re-regulation” left it 
unable to recommend that the General Assembly pursue legislation in that regard, 
despite the potential benefits. 

A supplemental report, Financial Risk Analysis of the Return to Rate Base Regulation, 
prepared at the request of the General Assembly, reiterates its recommendation that 
the “General Assembly focus on prospective options for incremental, ratepayer-
focused ‘re-regulation’ and, in any such legislation, allow the Commission to retain 
the authority and flexibility to respond to evolving economic conditions and ensure 
that new generation serves ratepayers’ interests.”  It is expected that legislative con-
sideration of these issues will continue with the upcoming 2010 legislative session.

Arguments for 
Reregulation 
of Power Plant 
Development in 
Maryland
For: 

•	 Provides	greater	control	to	State	for	
ordering	the	construction	of	power	plants	
based	on	projected	electricity	needs.

•	 Would	allow	the	State	the	opportunity	to	
select	specific	technologies	and	energy	
resources	for	production	of	electricity.	

Against:

•	 Reintroduces	the	risk	of	overbuild-
ing	power	plant	capacity	by	creating	
incentives	for	capital	expansion,	which	
was	one	of	the	underlying	reasons	for	
deregulation	following	the	construction	
of	expensive	qualifying	facilities	and	
nuclear	power	plants	in	the	1970s.

2 Senate Bill 1 Public Service Commission - Electric Industry Restructuring of the Special Legislative 
Session in 2006 provides the PSC with the authority to require the development of new generation 
resources.
3 The economic analysis addressed reregulation options only in Pepco’s Maryland service area.  The 
BGE service area was excluded due to then-ongoing merger discussions between MidAmerican 
Energy Holding Company and Constellation Energy Group, parent of BGE.
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2.6 Transmission and Reliability
The network of high-voltage lines, transformers, and other equipment that connect power 
plants to distribution systems are part of an expansive transmission system connecting 
Maryland with the PJM region.  In Maryland there are more than 2,000 miles of transmission 
lines operating at voltages between 115 kV and 500 kV.  Figure 2-16 shows a map of this 
high-voltage transmission grid in Maryland. 

Historically, the transmission system enabled utilities to locate power plants near inexpen-
sive sources of fuel, and transmit electricity over long distances to consumers.  By intercon-
necting transmission systems, utilities were able to improve reliability by backing up each 
other’s generation capacity.  The power grid that began as a local structure grew into an 
interstate system subject to both federal and state regulation.  The federal Energy Policy 

Table 2-15 Legislative Initiatives Addressing the Reregulation of the Electric Industry

Bill Number and Year Title Synopsis 

SB 1, Special Session, 
2006

Public Service 
Commission - Electric 
Industry Restructuring

Authorizes the PSC to require or allow the construction of new generation facilities by investor-
owned utilities.  Modifies provisions relating to SOS, including changing the electricity supply bid 
process and creating a framework for rate increase stabilization plans. 

SB 400 - 2007 Electric Industry 
Restructuring 
- Proceedings -  
Review and  
Evaluation

Directs the PSC to study and report on whether and how Maryland might “re-restructure” its 
electricity markets including recommendations for statutory and regulatory changes to increase the 
availability of generation and transmission assets in the state.
•  Conduct hearings and utilize outside experts to study and evaluate the status of electric 

restructuring in the state

•  Consider changes that provide a reliable electric system at the best possible price

•  Study and report on whether and how Maryland might “re-restructure” its electricity markets

•  Consider the implications of requiring or allowing IOUs to purchase electricity by competitive 
negotiated contracts; and construct, acquire, or lease generating plants and associated transmission 
lines

Figure 2-16 Transmission Lines (>115,000 Volts)
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Act of 1992 required that any generator, independent or utility-owned, be given access to 
the transmission grid at rates and terms comparable to those that the owner-utility would 
charge itself.  This access to the transmission grid led to the growth of wholesale power 
markets.  Power generators were able to use the transmission system to send power to 
one another as needed to serve the loads of their customers, creating larger, more regional 
transmission networks.  With the creation of regional transmission systems and competi-
tive wholesale markets, utilities were required to transfer the finctional control of their 
transmission lines to independent system operators (ISOs), such as PJM, while maintaining 
ownership and maintenance responsibilities over their lines.

2.6.1	 Reliability	
To provide reliable power supplies at reasonable prices, adequate electric infrastructure is 
required.  Recognizing that grid-delivered power must meet specific reliability and quality 
standards, FERC approved 83 mandatory reliability standards organized under 13 catego-
ries in March 2007.  Development of mandatory standards was part of the Energy Policy 
Act of 2005 prompted by the Northeast blackout of August 2003.  The North American 
Electric Reliability Corporation (NERC) is charged with developing guidelines and 
protocols for implementing the standards and assessing the reliability of the bulk power 
system.  Since March 2007, FERC has approved an additional 11 standards, including eight 
cyber security standards.  Several additional standards are under development or pend-
ing approval with FERC.  NERC also delegates enforcement authority to eight regional 
reliability councils, including the Reliability First Corporation that serves the PJM ISO (see 
map in Figure 2-17).  

One of the reliability standards developed and enforced by the Reliability First Corpora-
tion is the Resource Planning Reserve Requirement.  The standard requires that each LSE 
participating in the PJM Regional Transmission Organization have sufficient resources 
such that there is no loss of load from insufficient resources more than once in ten years.  In 
order to maintain compliance under this reliability standard, PJM conducts annual resource 
planning exercises to ensure all LSEs have sufficient generation resources to supply their 
peak electricity load, plus a specified annual reserve near 15 percent.  PJM operates the 
RPM capacity market to help LSEs obtain sufficient resources to meet their peak electricity 
load and reserve margin.  More information on the PJM capacity market and RPM is found 
in Appendix B.

2.6.2	 PJM	Transmission	Planning
PJM conducts reliability studies in order to forecast potential problems and to plan for 
the expansion and upgrade of the transmission system to mitigate or alleviate problems.  
PJM’s Regional Transmission Expansion Planning (RTEP) Process Reliability Assessment 
models future load and energy use and highlights likely problems and the effectiveness 
of proposed grid improvements.  As a result, PJM has developed a 15-year Transmission 
Plan that includes upgrades to help alleviate constraints identified in the modeling.  Once 
a transmission constraint is identified, PJM authorizes construction and cost recovery 
of upgrades to address the area of concern.  PJM mandated upgrades may also require 
a CPCN depending on state siting and permitting regulations.  There are two types of 
upgrade projects, baseline upgrades and network upgrades.  Baseline upgrades include 
modifications or additions within the existing PJM system to eliminate reliability criteria 
violations.  Network upgrades are new systems or upgrades required to eliminate reliabili-
ty criteria violations caused by the interconnection of new generation facilities or long-term 
firm transmission service requests. 
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On February 27, 2009, PJM released the 2008 RTEP report, which outlines planned system 
upgrades approved by PJM’s Board through December 31, 2008.  During 2008, the PJM 
Board approved 450 additional transmission upgrade projects valued at approximately 
$3.4 billion.  The projects include a reconfiguration of the Mid-Atlantic Power Pathway 
(MAPP) Project to incorporate the use of a high-voltage direct current line for the portion 
that crosses the Chesapeake Bay from Calvert Cliffs to Vienna and Indian River (see Section 
2.6.4 for additional information).  More than $13.2 billion in transmission upgrade projects 
and additions, ranging in size from 69 kV to 765 kV, have been approved by the PJM Board 
between 1999 and 2008.

Maryland	RTEP	Upgrades

The 2008 RTEP identified several transmission upgrade projects that were needed to 
address reliability issues in Maryland.  Two major high-voltage lines (PATH and MAPP, 
discussed in greater detail later in this chapter) are considered key to resolving projected 
NERC reliability violations and meet load growth in Maryland and D.C.  Additionally, 
PJM has identified 20 other network upgrades costing more than $5 million each, includ-
ing transformer replacements, existing line rebuilds and up-rates, and new substation 
installations. 

2.6.3	 Congestion
As discussed in Section 2.4.1, congestion describes a situation in which lower cost power 
cannot reach its intended market because the transmission system does not have enough 
capacity to carry the electricity.  Frequently occurring during periods of peak demand, 
congestion results from a constraint along the transmission line — either a physical, electri-
cal, or operational limit.  When a constraint hampers the delivery of electricity, system 

Figure 2-17 NERC Reliability Councils
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operators may have the option to “redispatch” genera-
tion by increasing output from a higher cost generator 
on the customer’s side of the constraint, and reducing 
generation on the other side to resolve the congestion.  
However, dispatching higher cost power in place of 
lower-cost power increases the price of electricity in the 
constrained zone. 

Congestion may also affect reliability when a transmis-
sion line nears or exceeds its transfer limit, the physical 
limit of the transmission system and there are no 
supplemental generation resources downstream of the 
constraint.  When this occurs, system operators might 
ask large customers to voluntarily curtail their loads 
or, in extreme situations, may even be forced to reduce 
electricity deliveries to consumers.  While this type of 
congestion may result in economic consequences to the 
consumer, it is not due to higher electricity costs.    
Economic congestion that results in higher electricity 
costs is far more common than a loss-of-load, or black-
out caused by insufficient transmission or generation 
resources.

Eliminating key constraints can alleviate congestion.  
This may be achieved through construction of new transmission lines, building new 
generation within a load pocket, or demand side management, which are required when 
congestion causes reliability issues.  It is not always cost-effective, however, to make the 
additional investments that would be required to alleviate economic congestion, which is a 
business decision rather than a reliability problem. 

The cost of economic congestion is estimated by examining the transaction prices that 
cannot be completed due to a constraint and comparing those to the more expensive value 
of the generation forced by the constraint.  According to PJM, total economic congestion 
costs for 2008 in the PJM system were $2.117 billion.4  The AP South and Bedington-Black 
Oak Interfaces, which are part of the primary PJM west to PJM east transmission transfer 
facilities accounted for 34 percent of total economic congestion costs in 2008.  The Beding-
ton-Black Oak Interface is a significant segment for bringing electricity into the Washington 
and Baltimore metropolitan area.  A rough estimate derived from zonal cost data puts total 
Maryland economic congestion costs at approximately $480 million per year.  

Congestion during periods of peak demand in Maryland produces some of the highest 
hourly electricity prices in the PJM region.  The electricity needs of the Baltimore and 
Washington metropolitan areas are supplied not only by local generation, but also by 
high-volume energy transfers into the area.  Maryland is currently importing almost 30 
percent of its electricity needs over bulk transmission systems stretching across West 
Virginia, Virginia, Ohio, Pennsylvania, and other PJM states.  Economic congestion costs 
in Maryland’s Pepco and BGE zones, detailed in Table 2-16, are driven by a shortage of 
low-cost generation in eastern PJM relative to western PJM.  

4 Monitoring Analytics, “2008 State of the Market Report for PJM,” March 11, 2009

PJM 15-Year Transmission Plan
The PJM Interconnection Board approved its first 15-year regional electric 
transmission plan on June 23, 2006. The plan authorized construction of 
$1.3 billion in electric transmission upgrades, including the 240-mile, 
500-kilovolt Trans-Allegheny Interstate Line (TRAIL) that will run from 
southwestern Pennsylvania to Virginia and will be constructed by Allegheny 
Power and Dominion. PJM directed additional studies and evaluation of 10 
significant transmission line proposals totaling $10 billion of potential new 
investment, including the high-voltage transmission line projects proposed 
by American Electric Power, Allegheny Power and Pepco Holdings, Inc. 

PJM at a Glance, 2008
Key Statistics PJM Area State of Maryland

Population 51 million 5.6 million

Transmission lines 56,381 2,200 miles (check)

Generation units 1,287 176

Installed capacity 165,000+ MW 13,700 MW

Peak demand, August 2006 144,644 MW 14,935 MW

MD population from U.S. Census Bureau for 2008. 

MD transmission line mileage from PPRP’s transmission line database, DNR GIS Division.
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Table 2-17 Proposed High-Voltage Transmission Lines in Mid-Atlantic

Line Developer/Owner Size (kV) Length (miles) Cost ($M) Affected States On-Line Date

TrAIL Allegheny 500 149 $820 PA
WV
VA

2011

Dominion 500 65 $150 VA 2011

MAPP Pepco Holdings, Inc. 500 (AC)
640 (DC)

150 $1,200 VA
MD
DE

2012 (Western Shore)
2014 (Eastern Shore)

PATH AE-AEP 765 275 $1,800 WV
VA
MD

2014

Note:   AC = Alternating Current,   DC = Direct Current

Table 2-16 Congestion Costs in Various PJM Zones for 2008

Zone Total Annual Zonal Congestion Costs

Allegheny Power $487.1 million

Baltimore Gas & Electric $92.0 million

Delmarva Power $96.4 million

Potomac Electric Power $215.9 million

Notes: Table shows total zonal costs for AP, DP, and Pepco regions, therefore, not all of these costs are in 
Maryland.

Congestion costs in 2009 were lower than those in 2008; however, 2009 data were not yet complete at the time of 
document publication. 

Source: Monitoring Analytics, “2008 State of the Market Report for PJM,” March 11, 2009.

2.6.4	 Investments	in	Transmission
New investment in transmission infrastructure has been lagging growth in electricity 
demand.  Recognizing a lack of investment in transmission infrastructure, Congress 
directed FERC to establish rules that provide economic incentives for new transmission 
lines including incentive rate structures and tax incentives.  It also directs the U.S. Depart-
ment of Energy (DOE) to designate National Interest Electric Transmission Corridors 
(NIETCs).  

The first transmission projects to be awarded new rate incentives from FERC were the 
American Electric Power (AEP) Company and Allegheny Energy joint venture Potomac-
Appalachian Transmission Highline (PATH) project and Allegheny Energy’s Trans-Allegh-
eny Interstate Line (TrAIL).  FERC has conditionally approved incentive rates for these two 
large, high-voltage, multi-state transmission projects (see Cost Recovery below).  In August 
2008, FERC approved incentive rates for another regional high-voltage line, the MAPP 
Project.  The PJM 2008 RTEP indicated that these three new backbone transmission projects 
will greatly enhance west-to-east power transfer and help alleviate the projected 2012/2013 
reliability issues and reduce congestion costs.  Table 2-17 provides information on these 
major backbone transmission projects proposed for the Mid-Atlantic region, all of which 
fall within the Mid-Atlantic NIETC.  While the TrAIL line does not enter Maryland, the pro-
posed PATH line is planned to cross and terminate in Frederick County, and the proposed 
MAPP line is planned to cross Charles, Prince George’s, Calvert, Dorchester, and Wicomico 
counties, including the Chesapeake Bay, and terminate at Indian River, Delaware.  All three 
lines were proposed to address reliability issues in Maryland and neighboring states (see 
approximate corridors in Figure 2-18).
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Smaller projects to address local reliability and load growth issues in Maryland are also 
being proposed.  In November 2008, SMECO filed for a CPCN to construct a 30-mile 230-
kV transmission line from the Holland Cliff switching station near Huntingtown in Calvert 
County to the Hewitt Road switching station in Lexington Park, St. Mary’s County.  In the 
filing, SMECO outlines four reliability issues it has identified that could result in the loss 
of service to customers for extended periods that this project would address.  Additionally, 
the project would help SMECO meet demand growth for its customers in St. Mary’s and 
Calvert counties for the next 30 years. 

Cost	Recovery

The cost of transmission upgrades and expansions are frequently included as part of the 
interconnection process between an electric generator and the transmission grid.  Under 
an interconnection agreement, generators must provide the funding for the cost of any 
network upgrades and new additions to the transmission network that are required as 
a result of the interconnection.  Generators are to be fully reimbursed for any network 
upgrade costs within five years.  However, with the need for investment in backbone trans-
mission lines that span various service areas and regions, the question of how to structure 
the cost recovery of major investments in transmission has become very complicated and 
contentious. 

FERC issued Order No. 890 (February 2007), directing transmission providers to conduct 
local and regional level transmission planning in a coordinated, open, and transparent 
manner.  As a result, the ISOs and RTOs have been engaged in various forms of regional 
transmission planning, including the development of innovative cost allocation systems to 
support the development of network expansions and upgrades that might not be included 
as generation interconnection.  Each RTO has established cost recovery mechanisms that 
are slightly different. The allocation of costs for constructing transmission facilities in PJM 
are based on the size of the project and its total cost.  Transmission lines rated at 500 kV and 
above are considered Regional Facilities and the cost for these facilities is assigned region-
wide.  Any lower voltage facilities needed to directly support integration of the high-volt-

Figure 2-18 Approximate Corridors for Proposed New Transmission 
Lines
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age line into the grid are included as regional facilities.  Costs for projects $5 million or less 
are allocated to the zone in which the project is located.  Projects rated below 500 kV and 
costing more than $5 million are allocated to the affected zones as follows:
• Baseline reliability upgrades – these are upgrades identified as directly addressing a certain 

reliability violation.  Costs are allocated to the relevant market participants (typically load) 
according to their contribution to the reliability violation as determined by PJM. 

• Economic upgrades – those upgrades identified as cost-effective are paid for by the beneficiaries 
of the project.  PJM determines the benefits and allocates costs to each zone according to its share 
of the total economic benefit.

2.6.5	 Siting	Issues
As noted earlier, there are a number of proposed and approved transmission lines planned 
for Maryland that will address reliability, congestion and renewable energy access issues.  
There are also questions as to who has jurisdiction over siting these new lines.  Tradition-
ally, siting transmission lines falls under the purview of the states.  The Energy Policy Act 
of 2005 however provided FERC with backstop siting authority through the designation 
of NIETCs in situations where the states are not responsive to these needs.  Maryland is 
almost entirely within one of these corridors.

This authority was challenged in the 4th U.S. Circuit Court of Appeals.  The Court deter-
mined that FERC had overstepped its authority with its interpretation of how transmission 

Mid-Atlantic National Interest Electricity  
Transmission Corridor

The U.S. DOE identified the Mid-Atlantic region, from Ohio and West Virginia to northern New York, as one of two potential NIETCs.  Subse-
quently, FERC designated this region, including all of Maryland, as the Mid-Atlantic Area National Corridor, with the area from Northern Virginia 
to New York City considered a critical transmission congestion area.  NIETC designation means that additional transmission capacity in this area 
is so critical that the federal government (through FERC), under limited conditions, may overrule state utility commissions and issue permits for 
regional transmission line projects that are deemed to be in the national interest.  Most intrastate and interstate electric transmission projects will 
continue to be approved by the states in which they are proposed.  However, if a state fails to approve an eligible project within one year of its 
filing, FERC has the authority to consider an application and issue a permit to construct. 
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siting might take place under the NIETC provisions.  The Court stated that if a state rejects 
a transmission project on reasonable grounds, the state cannot be overruled by FERC.  
FERC has asked for an en banc review of this decision, a reconsideration of the ruling that 
is less formal than an appeal process.

In spite of these challenges, there has been significant discussion about broadening FERC’s 
ability to site and authorize the construction of new transmission lines, including lines 
developed specifically for the transfer of electricity from renewable energy projects to load 
centers.  If plans to expand FERC’s authority in siting transmission lines to move power 
from the central United States to load centers in the East are realized, there is a strong 
possibility that Maryland will be affected.

Federal	Legislation	and	Transmission

The American Recovery and Reinvestment Act of 2009 (ARRA), signed by President 
Obama on February 17, 2009, includes provisions for rapid deployment of renewable 
energy and electric power transmission projects including grants for up to $500 million for 
transmission projects.  The ARRA also includes specific requirements for the 2009 National 
Electric Transmission Congestion Study, being prepared by the DOE.  The final study must 
provide the following:
• Analysis of the significant potential sources of renewable energy that are constrained in accessing 

appropriate market areas by lack of adequate transmission capacity;
• Analysis of the reasons for failure to develop the adequate transmission capacity; 
• Recommendations for achieving adequate transmission capacity;
• Analysis of the extent to which legal challenges filed at the state and federal level are delaying the 

construction of transmission lines necessary to access renewable energy; and
• An explanation of assumptions and projections made in the study including those: 1) relating 

to energy efficiency improvements in each load center, 2) regarding the location and type of 
projected new generation capacity, and 3) regarding projected deployment of distributed genera-
tion infrastructure.

2.7 Maryland Electricity Consumption 
Maryland end-use customers consumed 65.9 million MWh of electricity during 2007.  
Between 1997 and 2007, the growth rate in electricity consumption in Maryland was signif-

icantly below that in the United States as a whole — 1.51 
percent in Maryland versus 1.81 percent in the U.S.  Fig-
ure 2-19 compares some of the key factors contributing 
to growth in electricity demand in Maryland and the U.S. 
from 1997 through 2007.  Maryland’s population growth 
has greatly slowed since 2001, as depicted in Figure 2-20, 
but per capita income and non-farm employment grew 
more rapidly than the national average.  In general, as 
more people live and work in Maryland, and as incomes 
grow, they collectively use more electricity.  The shares of 
electricity consumption in Maryland used by residential 
and nonresidential sectors (i.e., the sum of commercial, 
industrial, and street lighting) are similar to the United 
States as a whole (see Figure 2-21).

Figure 2-19 Comparison of U.S. and 
Maryland Growth Factors Affecting 
Electricity Consumption (1997 - 2007)

Source:  Bureau of Economic Analysis, Regional Economic Accounts
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2.7.1	 Maryland	Electricity	
Consumption	Forecast

Figure 2-22 illustrates the most recent forecast for future 
electricity consumption in Maryland, as projected by the 
utilities serving loads in the state.  The slower growth 
in forecasted electric energy consumption compared 
to historical growth is largely attributable to projected 
increases in the real price of electricity and slower growth 
in population and employment.  Higher electricity prices 
dampen the demand for electric power in two ways.  
First, the existing stock of electricity-consuming equip-
ment and appliances is used less intensively because 
operation is more costly.  Second, the stock of electricity-
consuming equipment and appliances is adjusted over 
time by replacement with equipment and appliances that 
are more energy-efficient.   

The impacts of energy price increases dampen the rate of 
increase in electricity consumption in Maryland, and the 
relatively slow growth in electricity consumption is pro-
jected to persist through the PJM 15-year forecast period 
(2008-2022). Over this period, consumption is expected to 
grow at an average annual rate of only 1.19 percent.

Future electricity prices (and hence consumption of 
electricity) are significantly affected by the recent large 
increases in natural gas prices.  Between 1996 and 2006, 
natural gas prices almost tripled.  Electricity generated 
from natural gas combustion accounts for only a small 
percentage of electric energy produced in Maryland 
(approximately 10 percent), but natural gas-fired facili-
ties are often the marginal resources within 
the PJM Interconnection region and as such 
strongly influence market prices.  In mid-2008, 
natural gas prices dropped significantly.  In 
mid-2009, natural gas prices were below $4.00 
per mmBtu compared with prices of about 
$13.00 per mmBtu in mid-2008.5  Natural gas 
futures show market expectations that natural 
gas should move to between $7.00 and $8.00 
per mmBtu by late 2011, which is reflective of 
general natural gas prices over much of the 
2003 to 2007 period (see Figure 2-23).  Based 
on these factors, we can anticipate declines 
in electricity prices throughout much of 2009, 
with moderate increases thereafter.

Figure 2-21  Electricity Consumption by 
Customer Class (%) for 2007

Source:  Energy Information Administration
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Figure 2-20 Population Growth Trends in 
Maryland and the U.S.

Source:  Bureau of Economic Analysis, Regional Economic Accounts
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5 The natural gas prices used here are from the Henry Hub, a pricing point for natural gas futures 
contracts traded on the New York Mercantile Exchange (NYMEX).  Henry Hub is a point on the natu-
ral gas pipeline system in Erath, Louisiana that interconnects with nine interstate and four intrastate 
pipelines: Acadian, Columbia G ulf Transmission, Gulf South Pipeline, Bridgeline, NGPL, Sea Robin, 
Southern Natural Pipeline, Texas Gas Transmission, Transcontinental Pipeline, Trunkline Pipeline, 
Jefferson Island, and Sabine.

Figure 2-22 Forecasted Consumption (GWh) 

Source:  Maryland Public Service Commission Ten-Year Plan of Electric 
Companies in Maryland, February 2009.
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The economic recession that began in 2008 and continued in 2009 has also resulted in 
significant downward pressure on electricity consumption in Maryland.  While Maryland 
has not been as seriously affected by the recession as many other states, Maryland has in 
no sense been immune from the higher unemployment levels and lower levels of economic 
activity.  The impacts of the economic downturn have overshadowed the impacts of the 
lower natural gas prices and resulting lower electricity prices.  Electricity sales data for 
2009 is not yet available, but we can expect to see either low levels of positive growth, or 
negative growth, owing largely to declines in economic activity due to the recession.

2.7.2	 Generation:		Comparison	with	Consumption	and	
Future	Outlook

The provision of adequate levels of electric power generation for Maryland consumers 
does not require that the level of power generation within Maryland’s border match 
or exceed the state’s consumption.  Historically, Maryland’s demand for electricity has 
exceeded the amount of energy generated within the state, necessitating imports from 
out of state resources.  Maryland, as part of PJM, relies on the generating resources 
within PJM as a whole, as well as electric power that can be imported into the PJM area.  
Consequently, imbalances between Maryland consumption and generation should not be 
viewed as adversely affecting reliability or availability of electricity in Maryland.  However, 
Maryland’s high demand relative to its supply can produce high electricity prices when 
transmission limits and congestion require the use of higher cost electricity resources 
located closer to load centers.

Electric energy consumption in Maryland during 2007 exceeded electric energy genera-
tion in the state by about 29 percent.  Table 2-18 compares actual and projected electricity 
consumption and generation in Maryland, assuming that proposed generating capacity 
additions are constructed and come on line by 2010.  The 2010 electricity consumption in 
Maryland is expected to be about 65.6 million MWh, approximately 25 percent more than 
expected in-state generation.

Figure 2-23 Historical and Future NYMEX Henry Hub Natural Gas 
Prompt Month Futures Prices
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Table 2-18 Total Maryland Electric Energy Consumption and 
Generation (thousands of MWh)

 Consumption Generation - All 
existing & planned

2007  65,391  50,198 
2010  65,631  50,331 
Growth  240  133 
Percent  0.37  0.53 
Average Annual Growth Rates (percent)
2006-2010  0.05  0.04 

Note:  Assumes no retirements and that planned expansions (through 2010) at the Riverside, Perryman and Rock 
Springs facilities are complete and operate at a 5% capacity factor.

Aging of Maryland Generating Capacity
The graph below illustrates how much of Maryland’s present generating capacity came on line 10 years ago, 20 years ago, etc.  Because gener-
ating capacity is such a massive capital investment, power plant operators have generally made improvements necessary to keep plants running, 
even when that means making relatively 
expensive capital improvements.  Constel-
lation and Mirant recently initiated major 
projects at the seven largest coal-fired power 
plants in Maryland to comply with the new 
air emission control requirements of the 
Healthy Air Act, representing an estimated 
capital investment of $4 billion for all the 
plants combined (see further discussion on 
page X).  Over the last 20 years, there has 
only been about 540 MW of generating 
capacity retired in Maryland — and 300 
MW of that capacity is being considered for 
re-commissioning.

��
��

���
��

��
��

��
�
��

��
���

���
�

�

�����������

�

����

����

����

����

����

����

���� �������� �������� �������� �������� ����

BRAC Impacts in Maryland
Under the Base Realignment and Closure (BRAC) decisions made in 
November of 2005, Maryland is expected to gain close to 17,000 military 
jobs (see table below) and a total employment impact of 45,000 federal 
and private sector jobs by 2011.  The Maryland Department of Business 
and Economic Development (DBED) projects an increase of about 28,000 
new households in Maryland by 2011. 

According to DBED’s impact study in 2007*, growth pressures due to 
BRAC will be strongest in Harford and Cecil counties.  Growth in popula-
tion and households will likely encourage future economic growth and 
increase the amount of electricity consumed in Maryland.  

The 2006 BRAC process had only a minor impact on the Patuxent Naval 
Air Station (Pax River) in St. Mary's County, Maryland, with a net gain of 
87 jobs, most of which are civilian and contractual.  However, Pax River was affected by earlier BRAC processes in 1991, 1993 and 1995, that 
relocated facilities in Warminster, Pennsylvania; Trenton, New Jersey; and Arlington, Virginia, to the Pax River facility.  With the final BRAC deci-
sion of 1995, the Southern Maryland region was facing an influx of new residents and over 6,800 new jobs.  At that time, Southern Maryland 
was the fastest growing region of the state.  The number of customers served by Southern Maryland Electric Cooperative, the local utility serving 
Pax River, more than doubled between 1986 to 2006.  Within SMECO’s service area the annual electricity demand and energy sales have also 
more than doubled from 1986 to 2006.  

* http://www.choosemaryland.org/businessinmd/militaryaffairs/BRACStudy.html

Maryland BRAC Jobs by Installation

Base Base Location Jobs

Aberdeen Proving Ground Harford 9,448

Andrews Air Force Base Prince George's 400

Fort Meade Anne Arundel 5,717

National Naval Medical Center Montgomery 1,400

Total 16,965
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Chapter 3 – Impacts of Power 
Generation and Transmission

Striking the electric chain wherewith we are darkly bound.
      - Lord Byron (George Gordon Noel Byron), 

Childe Harold

Electricity supply is a public good that 
has facilitated tremendous improve-
ments in human health and safety as 
well as economic development. How-
ever, the benefits of electric power are 
accompanied by certain impacts that are 
associated with both the inputs and the 
outputs of traditional power plants.

This chapter describes each of these 
impact areas in some detail, and 
discusses PPRP’s efforts to better 
understand the magnitude of these 
impacts in Maryland and how they 
can be managed, minimized, and/or 
mitigated. Also critical to reducing 
environmental impacts is controlling the 
amount of electrical energy we use, and 
the amount of fossil fuel consumed to 
generate that electricity. Other chapters 
of this report provide more information 
on how Maryland is promoting energy 
efficiency and the development of more 
sustainable energy sources.

This figure illustrates the primary environmental impacts associated with fossil fuel 
and nuclear plants, which produce the great majority of electricity generated in 
Maryland. Transmission lines are also necessary to convey electrical power from 
where it is generated to its industrial, commercial, and residential users.
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3.1 Impacts from Generating Facilities
3.1.1	 Air	Quality

Background	on	Air	Quality	in	Maryland

There are 33 power plants operating in Maryland with a capacity rating of at least two 
megawatts (MW), as shown in Figure 2-1 on page 13.  Most (23 out of the 33) burn fossil 
fuels to produce electricity, which gives rise to many different air pollutants, including 
oxides of nitrogen (NOx), sulfur dioxide (SO2), volatile organic compounds (VOCs), 
particulate matter (PM), and mercury.  Fossil fuel combustion also produces greenhouse 
gases (GHG) including carbon dioxide (CO2) and methane.  To improve the quality of air, 
the State of Maryland has taken a number of actions to regulate air pollution, many focused 
on coal-fired power plants.  

The federal Clean Air Act (CAA) was the first major federal environmental law in the U.S. 
that required the development and enforcement of regulations to protect the general public 
from air pollutants known to cause harmful effects to human health.  The CAA authorized 
the United States Environmental Protection Agency (EPA) to develop ambient air qual-
ity standards — referred to as National Ambient Air Quality Standards (NAAQS) — for 
six common air pollutants (“criteria” pollutants).  The NAAQS represent the maximum 
pollutant concentrations that are allowable in ambient air.  “Primary” NAAQS are based on 
health risk assessments and are designed to protect public health, including the health of 
sensitive populations such as asthmatics, children, and the elderly.  “Secondary” NAAQS 
are designed to protect the public welfare by preserving visibility and preventing damage 
to crops, animals, vegetation, and buildings.  Table 3-1 lists the current NAAQS.

The six criteria pollutants, most of which are emitted by any fossil fuel-fired power plant, 
are as follows:
•	 Nitrogen dioxide (NO2) – a product of fossil fuel combustion.  The generic nitrogen-based 

exhaust product from power plants and other combustion sources is termed NOx and primarily 
composed of nitric oxide (NO) and NO2.  NOx emitted by combustion sources is primarily in the 
form of NO, which is rapidly converted to NO2 in the atmosphere.  In the presence of sunlight 
and heat, NO2 reacts with VOCs to form ground-level ozone (smog).

Table 3-1 National Ambient Air Quality Standards

Pollutant Averaging Times Primary NAAQS Secondary NAAQS
Carbon Monoxide 8-hour 9 parts per million (ppm)  (10 mg/m3) None 

1-hour 35 ppm (40 mg/m3) None
Lead Rolling 3-month average 0.15 µg/m3 Same as Primary

Quarterly average 1.5 µg/m3 Same as Primary
Nitrogen Dioxide Annual arithmetic mean 0.053 ppm (100 µg/m3) Same as Primary
Particulate Matter Annual arithmetic mean (PM2.5) 15.0 µg/m3 Same as Primary

24-hour (PM10) 150 µg/m3 
(PM2.5) 35  µg/m3

Same as Primary

Ozone 8-hour 0.075 ppm Same as Primary 
1-hour (applies only in limited areas) 0.12 ppm Same as Primary

Sulfur Oxides Annual arithmetic mean 0.03 ppm ------- 
24-hour 0.14 ppm ------- 
3-hour ------- 0.5 ppm (1,300 µg/m3)

Note:  See http://www.epa.gov/air/criteria.html for additional information, including how exceedances of the standards are calculated.
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•	 SO2 – also a product of combustion.  SO2 is released when sulfur-containing fuels, such as oil 
and coal, are burned.

•	 PM – dust, soil, and liquid droplets that form during the combustion of fossil fuels or in the 
atmosphere by chemical transformation and condensation of liquid droplets.  Particulate matter 
is defined by the size of its particles.  PM10, for example, contains particles smaller than 10 
microns in diameter.  PM2.5, also referred to as “fine” particulate matter, is composed of particles 
2.5 microns or smaller in diameter. 

•	 Carbon monoxide (CO) – formed by incomplete combustion of carbon-based fuels during the 
combustion process.

•	 Lead – a metal emitted into ambient air in the form of particulate matter.  
•	 Ozone (O3) – is not emitted directly, but forms in lower levels of the atmosphere as “smog” when 

NOx and VOCs react in the presence of sunlight and elevated temperatures.  Several other species 
of oxidized nitrogen are produced from emitted NOx by reactions in the atmosphere, including 
nitric acid (HNO3), nitrates (NO3) and organic nitrates.  Collectively, these species are referred 
to as NOz, and total oxidized nitrogen species (including NOx) in the atmosphere are referred to 
as NOy.  

EPA, along with state and local regulatory agencies, including the Maryland Department 
of the Environment (MDE), monitor concentrations of the criteria pollutants near ground 
level at various locations across the country.  The monitoring locations in Maryland are 
shown in Figure 3-1.  If monitoring indicates that the concentration of a pollutant exceeds 
the NAAQS in any area of the country, that area is labeled a “nonattainment area” for that 
pollutant, meaning that the area is not attaining the national ambient air quality standard.  
Conversely, any area in which the concentration of a criteria pollutant is below the NAAQS 
is labeled an “attainment area” for that pollutant. 

The attainment/nonattainment designation is made on a pollutant-by-pollutant basis.  The 
air quality in an area, therefore, may be designated as attainment for some pollutants and 
nonattainment for other pollutants simultaneously.  The designation is important because 
many air regulatory requirements are based in part on whether a source is located in an 
attainment area, where emissions must be limited to ensure the air stays clean, or in a 
nonattainment area, where emissions must be reduced to bring the area into attainment.  
As such, air pollution 
control requirements are 
generally more stringent 
for sources located in 
nonattainment areas. 

Currently, all of Maryland 
is in attainment with 
the NAAQS for most of 
the criteria pollutants 
(SO2, NO2, PM10, CO, 
and lead).  The entire 
State of Maryland has 
been recently designated 
as "attainment" for the 
24-hour PM2.5 standard 
established in 2006.  How-
ever, the Baltimore area, 
the Washington, D.C. area, 
and the Hagerstown area 

Figure 3-1 Maryland Monitoring Station Locations
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are designated as nonattainment for the annual PM2.5 standard, established in 1997.  In 
addition, much of the urbanized portion of Maryland is not meeting the NAAQS for ozone.  
Ozone is recognized as a regional pollutant, rather than a local issue, and in the Clean Air 
Act Congress recognized that ozone pollution and its precursors can be transported from 
state to state.  The Act created the Northeast Ozone Transport Region (OTR), comprised 
of 12 states (including Maryland) and the District of Columbia.  As part of the OTR, the 
entire state must follow requirements as if all counties are an ozone nonattainment area, 
even though ozone monitoring indicates that many counties are in attainment and those 
counties are designated attainment.

In March 2008, EPA revised the 8-hour ozone standard to 0.075 parts per million (ppm) 
from the previous standard of 0.084 ppm.  However, EPA announced in September 2009 
that it would reconsider the 2008 ozone standard, proposing any revision by December 
2009, finalizing the revision by August 2010, and completing the designation process by 
August 2011.  States must then submit revised State Implementation Plans (SIPs) outlining 
how they will reduce pollution to meet the standards within three years following the 
final designations.  Figure 3-2 depicts current ozone nonattainment area designations in 
Maryland.

Current	Emissions	from	Power	Plants

According to the Commission for Environmental Cooperation of North America, power 
plants contribute about 22 percent of all NOx, roughly 69 percent of SO2, nearly 40 percent 
of mercury, and close to 39 percent of CO2 emissions to the total national emissions from all 
stationary, area, mobile, and other human-related sources (based on 2004 emissions data).  
These emissions are often discussed in terms of three classes of pollutants:  criteria pollut-
ants, hazardous air pollutants (HAPs), and greenhouse gases (GHGs).

Criteria	Pollutants:		SO2,	NOx,	and	PM	Emissions

Among the criteria pollutants, SO2 and NOx are among the most stringently regulated by 
EPA because they are the principal pollutants that react with water vapor and other chemi-

Figure 3-2 Ozone Nonattainment Areas
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cals in the atmosphere to create ozone smog, cause acid precipitation, and impair visibility.  
Recently, there has been an increased focus on particulate matter (both PM10 and PM2.5), 
as EPA has recognized that particulates are associated with adverse health effects, includ-
ing premature mortality, cardiovascular illness, and respiratory illness.  EPA continually 
tries to better understand which attributes of particles may be causing these health effects, 
who may be most susceptible to their effects, how people are exposed to PM air pollution, 
how particles form in the atmosphere, and what the contributions are from various sources 
in the different regions of the country.  This research has allowed EPA to shift its focus over 
time from regulating total suspended particulates, to PM10, and most recently to PM2.5 
emissions.

Coal-fired power plants are significant contrib-
utors of NOx, SO2, and PM emissions nation-
wide and in Maryland.  Figures 3-3 through 3-5 
show trends in SO2, NOx, and PM10 emissions, 
respectively, from coal-fired power plants in 
Maryland during the years 2004 to 2008. 

The emissions of SO2 and PM10 are depen-
dent on the types and amounts of coal used 
at these generating units and the type, age, 
and configuration of existing air pollution 
control equipment.  A recent modification of 
the Morgantown facility (PSC Case No. 9085) 
allowed the boilers to burn different coals.  This 
change has resulted in the boilers using lower 
sulfur coals and is the basis for the change in 
SO2 emissions from 2007 to 2008 for Morgan-
town.  No significant changes have been made 
to the types of coal combusted at the remaining 
coal-fired power plants for the previous five 
years.  In addition, no new air pollution control 
equipment has been installed on these units to 
reduce SO2 and PM10 emissions.  Therefore, 
the changes in SO2 and PM at most of these 
power plants can be attributed to the year-to-
year fluctuations in power generation at these 
plants.  However, it should be noted that the 
Healthy Air Act (HAA) will greatly reduce NOx, 
SO2, and mercury emissions starting in 2009 
(described in more detail starting on page 61). 

Annual emissions of NOx also depend on the 
types and amounts of coal burned and pollution 
control systems in place.  However, unlike SO2 
and PM10, NOx emissions have been regulated 
more stringently and more NOx controls have 
been implemented.  NOx emissions from Crane 
and Morgantown decreased significantly from 
2004 to 2008.  The most efficient NOx control 
technology — selective catalytic reduction (SCR) 
— was installed on one of the large coal-fired 
generating units at Morgantown generating 

Figure 3-3 Maryland Coal-Fired Power Plant SO2 
Emissions
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Figure 3-4 Maryland Coal-Fired Power Plant NOx 
Emissions
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facilities during this time period, and a process 
control/process optimization software was 
installed at Crane, both of which greatly reduced 
NOx emissions.  

Hazardous	Air	Pollutant	Emissions

In 1990, Congress amended the CAA to regulate 
a class of pollutants that cause or might cause 
an adverse impact to health or the environment.  
These pollutants are referred to as HAPs.  There 
are currently 187 pollutants on EPA’s list of CAA 
HAPs.  Although some HAPs can occur natu-
rally (such as asbestos or mercury), most HAPs 
originate from man-made mobile or stationary 
industrial sources such as factories, refineries, 
and power plants.

Although fossil fuel-fired power plants emit 
HAPs, chemical plants and petroleum refineries 

that use and emit highly toxic compounds have historically been considered more 
significant sources of air toxics than power plants.  Prior to the CAA Amendments 
of 1990, EPA regulations did not apply to HAP emissions from power plants, 
and even with passage of the Amendments of 1990, power plant HAP emissions 
were addressed differently by Congress than those from other industrial sources.  
While many states, including Maryland, have developed toxic air pollutant (TAP) 
regulations, fuel burning sources in Maryland are exempt from TAP regulations. 

Among the HAPs emitted by power plants, mercury is a pollutant of primary 
concern because of its significant adverse health effects.  Coal-fired power plants 
account for nearly 75 percent of the total mercury and mercury compounds 
emitted in Maryland during any given year.  Figure 3-6 presents annual emissions 
of mercury from Maryland’s coal-fired power plants from 2004 through 2008 from 
the Toxic Release Inventory (TRI).  However, emissions from Crane have been 
calculated using stack test information for 2004 through 2008 .  

Figure 3-7 presents annual emissions of HAPs, as reported to EPA by Maryland’s 
coal-fired power plants under the TRI program.  The volume of HAPs reported in 
the TRI database is large, due mainly to large amounts of hydrochloric acid (HCl) 
being emitted from coal-fired power plants.  HCl emissions contribute to dry and 
wet acidic deposition.  Although HCl has been linked with both minor acute and 
chronic effects, EPA has not classified HCl for carcinogenicity.1   In response to the 
HAA, many coal-fired power plants in Maryland are installing flue gas desulfur-
ization (FGD) systems for SO2 control, which will also reduce HCl emissions.

Greenhouse	Gas	Emissions

A GHG is broadly defined as any gas that absorbs infrared radiation in the atmo-
sphere.  Common GHGs include water vapor, CO2, methane, NOx, ozone, hydro-
chlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs), perfluorocarbons 
(PFCs), and sulfur hexafluoride (SF6).  Note that EPA recently issued a Greenhouse 
Gas Reporting Rule (see Section 4.2.4 for details) which includes many of these 
compounds (and more).  The principal GHGs that enter the atmosphere above 

Figure 3-5  Maryland Coal-Fired Power Plant  
PM10 Emissions ����
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Interpollutant 
Trading
On May 16, 2008, EPA published its final 
rule entitled Implementation of the New 
Source Review Program for Particulate Matter 
Less Than 2.5 Micrometers (PM2.5) in the 
Federal Register (73 FR 28321).  The final 
rule was effective on July 15, 2008.  This rule 
not only allowed for the trading of direct fine 
particulate matter (PM2.5) but also allowed 
for the trading of PM2.5 precursors in lieu of 
direct PM2.5, at given ratios.  

Based on EPA’s final PM2.5 ruling, the 
Pennsylvania Department of Environmental 
Protection (PADEP) in February 2009 was 
one of the first state agencies to authorize 
interpollutant trading of PM2.5 precursors 
for PM2.5, and also to authorize trading 
between nonattainment areas.  PADEP 
authorized the transfer and use of 331 tons 
per year (tpy) of PM2.5 as offsets, which were 
generated from the interpollutant trading 
of 13,241 tpy of SO2 emission reduction 
credits (ERCs) using the EPA recommended 
interpollutant trading ratio of 40 tons of SO2 
to one ton of PM2.5.  These PM2.5 ERCs 
were generated by the shutdown of PPL’s 
Holtwood facility in Lancaster County and 
were transferred to Conectiv Mid Merit, 
LLC, for use at its gas-fired generating units 
located in York County, Pennsylvania.  

1 http://www.epa.gov.ttn.atw.hlthef/hydrochl.html#ref4
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natural levels due to human activities are:
•  Carbon dioxide (CO2): Carbon dioxide enters 

the atmosphere through the burning of fossil 
fuels (oil, natural gas, and coal), solid waste, 
trees and wood products, and also as a result 
of other chemical reactions (e.g., manufacture 
of cement).  Carbon dioxide is also removed 
from the atmosphere (or “sequestered”) when 
it is absorbed by plants as part of the biological 
carbon cycle. 

• Methane (CH4):  Methane is emitted during 
the production and transport of coal, natural 
gas, and oil.  Methane emissions also result 
from livestock and agricultural processes and 
from the decay of organic waste in municipal 
solid waste landfills. 

• Nitrous oxide (N2O):  Nitrous oxide is emitted 
during agricultural and industrial activities, 
as well as during combustion of fossil fuels 
and solid waste. 

•  Fluorinated gases:  Hydrofluorocarbons, 
perfluorocarbons, and sulfur hexafluoride are 
synthetic, powerful GHGs that are emitted 
from a variety of industrial processes.  Fluori-
nated gases are sometimes used as substitutes 
for ozone-depleting substances (i.e., CFCs, 
HCFCs, and halons).  These gases are typically 
emitted in smaller quantities, but because they 
are potent GHGs, they are sometimes referred 
to as High Global Warming Potential gases.2 

According to the EPA study, Inventory of U.S. 
Greenhouse Gas Emissions and Sinks: 1990-2007, 
total GHG emissions in the United States 
increased about 17 percent from 1990 to 
2007.  This rise can be attributed largely to 
the increasing demand for heating fuels and 
electricity.  As Figure 3-8 illustrates, the four major sectors contributing to CO2 emissions 
from fossil fuel consumption (as defined by EPA) are transportation, industrial, residential, 
and commercial.  The EPA report breaks down the major sectors even further into electric-
ity generation (power plants) and combustion.  In 1990, the electricity portion accounted 
for 48 percent of the total GHG emissions; in 2007, the electricity portion accounted for 
more than 54 percent of total GHG emissions.  

Figure 3-9 illustrates CO2 emissions from Maryland power plants for the years 2004 
through 2008.  In an effort to reduce CO2 emissions, Maryland recently joined the Regional 
Greenhouse Gas Initiative (RGGI), which is a cooperative effort by Northeastern and Mid-
Atlantic states to reduce CO2 emissions through a market-driven regional cap-and-trade 
program (see further discussion in Section 4.2.1).  

2 http://www.epa.gov/climatechange/emissions/

Figure 3-6 Maryland Coal-Fired Power Plant 
Mercury Emissions
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Figure 3-7 Maryland Coal-Fired Power Plant  
HAPs Emissions
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Impacts	from	Power	Plant	Air	Emissions

Ozone

The persistent ozone “smog” problem in many areas of the country has been one of the 
most important drivers for regulation of power plant NOx emissions over the past decade.   
Ozone exists naturally in the upper levels of the atmosphere (from 6 to 30 miles above the 
Earth’s surface) and protects the Earth from harmful ultraviolet rays.  Although ozone is 
helpful in the stratosphere, it is harmful when it occurs in the troposphere, or the layer clos-
est to the Earth’s surface.  Ozone is an invisible, but very reactive, gas that is the major com-
ponent of photochemical smog.  It is not emitted directly into the atmosphere in significant 
amounts but instead forms through chemical reactions in the atmosphere.  Ground-level 
ozone is formed when the precursor compounds — NOx from both mobile and stationary 
combustion sources (such as automobiles and power plants, respectively); and VOCs from 

Figure 3-9 Maryland Power Plant CO2 Emissions 
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Figure 3-8 CO2 Emissions in the United States

Source: U.S.EPA
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industrial, chemical, and petroleum facilities and from natural sources — react in the pres-
ence of sunlight and elevated temperatures.  Ozone levels are consequently highest during 
the summer months when temperatures are higher, the hours of daylight are greater, and 
the sun’s rays are more direct.  

Weather plays such an important rule in the formation of ozone that EPA has established 
an “ozone season” for each of the states, and has developed regulations that require power 
plants to restrict NOx emissions during the summer months.  Maryland’s ozone season 
extends from April through October (when hot, stagnant conditions are most prevalent).

Ground-level ozone is a problem, not only because it creates unsightly smog and inhibits 
visibility, but also because of the adverse human health effects it can cause.  Breathing air 
with high ozone concentrations can cause chest pain, throat irritation, and congestion; it 
can also worsen pre-existing conditions like emphysema, bronchitis, and asthma.  Children 
and the elderly are especially vulnerable to health problems caused by ground-level ozone. 

Ozone is a regional problem, and transport of ozone and its precursors across large sections 
of the United States makes the control and reduction of ozone smog a particularly difficult 
issue.  As mentioned earlier, while much of Maryland achieves the ambient ozone stan-
dards, the entire state is designated nonattainment for ozone because of the regional nature 
of ozone.  All of the eastern states from northern Virginia through Maine are collectively 
referred to as the “Northeast Ozone Transport Region.”

Because ozone pollution is a regional phenomenon, it cannot be addressed effectively on a 
state-by-state basis. To address regional ozone concerns, EPA, in September 1998, finalized 
a rule based on analysis conducted by the Ozone Transport Assessment Group (OTAG).  
The rule requires Maryland, 22 other states, and the District of Columbia to develop 
regulations to be incorporated into each state’s State Implementation Plan (SIP) to reduce 
regional transport of ozone from stationary sources of NOx.  Because the regulation called 
for changes to SIPs from this group of states, it is known as the “NOx SIP Call,” and it 
required power plants and some other large sources to achieve regional reductions in NOx 
emissions of 70 percent from baseline years beginning in the ozone season 2004.  Power 
plants and other large NOx sources in Maryland and the region reduced emissions to meet 
the goals of the NOx SIP Call; however, ozone pollution continues to be a problem in the 
East.  Therefore, power plants in the region are also now subject to additional NOx control 
requirements, including recently enacted federal and State programs.

The NOx rules have resulted in significant reductions in summertime emissions of NOx 
from sources in Maryland and surrounding states.  Between 1999 and 2006, Maryland and 
surrounding states showed an increase in the number of installations of more advanced 
NOx controls, such as SCR and selective non-catalytic reduction (SNCR), and an overall 
increase in the number of NOx control systems.  For Maryland and the surrounding five 
states including Washington D.C., the following observations can be made regarding 
compliance with the NOx SIP Call: 
•	 The number of generating units without any NOx controls dropped significantly in all five states 

after the rule (D.C. is the only exception); 
•	 Low-NOx burners (LNBs) and over fire air were predominantly used as the NOx control before 

and after the rule and the percentage of these type of controls increased with implementation of 
the rule; and

•	 Fewer than 20 percent of the units in all six states combined had SCR or SNCR systems after the 
rule became effective.
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It should be noted that the pollutant cap-and-trade mechanism available 
with the NOx SIP Call allowed sources to acquire “allowances” to emit a 
certain quantity of pollutants rather than actually reducing NOx emissions, 
which meant that some states, including Maryland and Pennsylvania, 
exceeded their statewide NOx allocations during the entire period.  The 
allocation exceedance in Pennsylvania may have been influenced by the fact 
that Pennsylvania is a net exporter of electricity.  However, the NOx exceed-
ance in other states, including Maryland, is likely attributable to the fact that 
not many sources had installed state-of-the-art controls such as SCR systems 
over the period.

Acid	Rain

Acid rain occurs when precursor pollutants, NOx and SO2, react with water 
and oxidants in the atmosphere to form acidic compounds.  These acidic 
compounds are deposited with precipitation (“acid rain”) or as dry particles 
(“dry deposition”), acidifying lakes and streams, harming forest and coastal 
ecosystems, and damaging man-made structures.  

EPA’s Acid Rain Program was established under the CAA Amendments of 
1990 with the goal of reducing acid rain by limiting NOx and SO2 emissions.  
The program capped total SO2 emissions from power plants at 8.95 million 
tons nationally by 2000.  SO2 emissions are controlled with an allowance 
trading system, under which affected power plants are allocated a certain 
number of tons of SO2 annually.  These plants must then either reduce emis-
sions to stay under the allowance cap or purchase SO2 “allowances” from 
power plants that have over-controlled and banked excess SO2 credits.  NOx 
emissions are controlled with rate-based limits (in units such as pounds per 
million Btu, lb/MMBtu) applied to certain coal-fired electric facilities.  

The Acid Rain Program’s cap-and-trade system was one of the first of its 
kind to achieve overall emissions reductions through market forces.  Cur-
rently, the federal government is considering a cap-and-trade approach for 
regulating GHG emissions.

Efforts to reduce acid rain have been largely successful nationwide.  As of the 
end of 2007, the SO2 emissions had been reduced by about 6.8 million tons 
from 1990 levels (43 percent).  In fact, total emissions from affected power 
plants in 2007 were 8.9 million tons, lower than the long-term emissions cap 
of 8.95 million tons.  This occurred three years earlier than the program’s 
deadline of 2010.  NOx emissions also declined in 2007 — 3.4 million tons 
lower than 1990 emissions — due to the Acid Rain Program in combination 
with other efforts, such as the NOx Budget Trading Program.  The National 
Acid Deposition Program has been measuring deposition of oxidized nitro-
gen and sulfur species for over 20 years, and has noted a dramatic decrease 
nationally in deposition of sulfur species corresponding to the decrease in 

emissions, as well as a decreasing trend in deposition of oxidized nitrogen species over this 
time period.

Maryland has not seen similar SO2 reductions over the period, because until passage of 
the Maryland HAA, no power plants in Maryland had installed SO2 control systems (see 
further discussion on page 61).  

Potential Impacts of 
Recent Litigation on 
Power Plant Licensing
There has been significant recent activity in U.S. 
courts regarding GHG issues that will affect power 
plants more than any other category of emissions 
source.  In April 2007, the Supreme Court held that 
GHGs are considered “pollutants” under the CAA in 
the Massachusetts vs. EPA case.  On June 30, 2008, a 
Fulton County, Georgia Superior Court judge issued 
a decision that blocked construction of a coal-burn-
ing power plant, ruling that the new plant must 
limit its emissions of CO2.  In November 2008, the 
Environmental Appeals Board (EAB) held that EPA 
must consider CO2 a “regulated pollutant” under 
the federal Prevention of Significant Deterioration 
(PSD) permitting program in the Deseret Power Plant 
case (Sierra Club vs EPA, PSD Appeal No. 07-03 of 
November 13, 2008) and remanded the PSD permit 
issued by EPA.

The first step in regulating a pollutant under the CAA 
is an “endangerment finding” by EPA, which states 
that a pollutant can be “reasonably anticipated” to 
“endanger public health and welfare.”  In December 
2009, EPA issued two distinct findings regarding 
GHGs under section 202(a) of the Clean Air Act.  
First of all is the Endangerment Finding, in which EPA 
finds that the current and projected concentrations 
of the six, key, well-mixed GHGs—CO2, CH4, N2O, 
HFCs, PFCs, and SF6—in the atmosphere threaten 
the public health and welfare of current and future 
generations.  The second is the Cause or Contribute 
Finding, in which EPA finds that the combined emis-
sions of these well-mixed GHGs from new motor 
vehicles and new motor vehicle engines contribute 
to the GHG pollution which threatens public health 
and welfare.

The endangerment finding has significant implica-
tions for power plant licensing. Power plants will 
be required to evaluate Best Available Control 
Technology (BACT) for controlling CO2 emissions 
from modifications at existing power plants or 
construction of new units. Currently, there are no 
established procedures or guideline values available 
to determine BACT for CO2, which would impose 
significant challenges for power plant licensing.
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Visibility	and	Regional	Haze

PM2.5 consists of particles (such as dust, soot, and liquid droplets) that 
are about 1/30th the diameter of a human hair.  PM2.5 can be emitted 
directly from stacks or created when gases react to form particles during 
transport in the atmosphere.  Fine particulate matter is different from 
many other air pollutants in that it is not a chemical compound itself, but 
is comprised of various compounds in particle form.  Common sources 
include:
•	 Smoke and soot from forest fires,
•	 Wind-blown dust, 
•	 Fly ash from coal burning, 
•	 Particles emitted from motor vehicles,
•	 Hydrocarbons associated with vehicles, power plants, and natural vegetation 

emissions, and 
•	 SO2 and NOx emitted from fossil fuel combustion.

PM2.5 is not the only contributor to decreased visibility and regional 
haze.  Certain gases and larger particles can also interfere with the 
ability of an observer to view an object.  In general, visibility refers to the 
conditions which can facilitate the appreciation of natural landscapes.  
The national visibility goal, established as a part of the CAA Amendment 
of 1977, requires improving the visibility in federally managed “Class I 
areas.”  These areas include more than 150 parks and wilderness areas 
across the United States that are considered pristine air quality areas (see 
Figure 3-10 for the protected area near Maryland).  Since 1988, EPA and 
other agencies have been monitoring visibility in these areas.  

Beginning in 2004, PPRP has participated in a coordinated effort with 
Northeast States for Coordinated Air Use Management (NESCAUM) 
and the State of Vermont to evaluate impacts of visibility-impairing 
sources in the eastern United States.  The study evaluated the tools and 
techniques currently available for identifying contributions to regional 
haze in the Northeast and Mid-Atlantic regions.  PPRP was involved 
with the application of a dispersion model, CALPUFF, for estimating 
visibility degradation in Class 
I areas.  The model identified 
the contributions of sources in 
different states in the eastern 
United States to visibility 
impairment in various Class 
I areas in the region.  PPRP 
continues to support and 
contribute to this ongoing 
work.  PPRP also evaluates the 
impacts of new power plants 
on Class I visibility to ensure 
that growth in the electrical 
generating sector does not 
contribute to impairment in 
these important areas.

Visible Plume Formation 
– Modeling Analysis
In response to stringent emissions limits in the Maryland 
HAA, several coal-fired power plants in Maryland are 
installing state-of-the-art FGD “scrubbers” to reduce 
emissions of SO2.  The scrubbing process uses water, 
which adds moisture to the cleaned exhaust gases leav-
ing the boiler.  This moist exhaust will condense when 
it leaves the stack, forming airborne water droplets that 
will be visible to the naked eye.  The appearance of the 
exhaust plume will be similar to that of a cloud.  The 
frequency and duration of this “visible plume” will 
depend largely on ambient weather conditions.

One of the power plants that will install an FGD 
scrubber is Mirant’s Morgantown Generating Station 
located along the Potomac River, adjacent to US Route 
301.  The presence of a visible plume in close proximity 
to this major bridge was a concern to local residents 
and Maryland transportation officials.  PPRP undertook 
a modeling analysis of the expected plume, using 
established visible plume modeling techniques as well 
as new techniques developed by PPRP exclusively for 
this application.  The analysis showed that occurrence 
of ambient meteorological conditions favoring plume 
formation near the bridge will be infrequent, and that 
plume-inducing fog will not pose a risk to the safety of 
motorists using the bridge.  

PPRP worked with the Maryland Transportation Author-
ity (MTA) and Mirant during the course of this analysis. 
MTA has taken steps to install fog sensing equipment 
on the bridge to warn motorists of any fogging hazard.  
Since the modeling analysis showed that there would 
be low occurrences of plume induced fog on the 
bridge, and since MTA will install fog sensing equip-
ment, PPRP concluded that public safety on the bridge 
will be assured. 

Figure 3-10 Class I Areas Near Maryland
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Nitrogen	Deposition

The Chesapeake Bay is the largest estuary in the United States.  Protection and restoration 
of living resources in the Bay has been the goal of the Chesapeake Bay Program since its 
inception in 1983.  The program is a regional partnership which comprises the states of 
Maryland, Pennsylvania, and Virginia, the Chesapeake Bay Commission, EPA, and other 
participating advisory groups.  

Reducing nitrogen input from controllable sources is a high priority because excess 
nitrogen is one of the major sources of eutrophication — caused by the increase of chemical 
nutrients, typically containing nitrogen or phosphorus — in the Chesapeake Bay.  Eutrophi-
cation is a process whereby water bodies, such as lakes or estuaries, receive excess nutrients 
that stimulate excessive plant and algal growth and, ultimately, reduces the dissolved 
oxygen in the water, thus limiting the oxygen available for use by aquatic organisms.  The 
1987 Chesapeake Bay Agreement established a goal of reducing controllable nitrogen by 
40 percent compared to 1985 levels, and program participants reaffirmed that goal in their 
2000 agreement.  Although these goals were once again reaffirmed in the 2010 agreement, 
the Chesapeake Bay partners have acknowledged that the goals would not be met and 
EPA has initiated a process of developing a total maximum daily load (TMDL) target for 
the Bay.  The Chesapeake Bay Program estimates that approximately 30 percent of the 
nitrogen load to the Bay comes from atmospheric deposition and subsequent transport of 
nitrogen through the watershed.  Much of this loading comes from NOx emissions from 
power plants, industrial sources, and mobile sources.  Increased efforts have been devoted 
recently to the role of ammonia in deposition processes.  

For more than a decade, PPRP has evaluated the regional sources of NOx emissions and 
their impacts on the Chesapeake Bay.  As a part of this effort, advanced computer modeling 
systems are used to simulate the transport and subsequent deposition of emissions from 
these regional sources to the Chesapeake Bay.  The actual loading to the Bay is calculated 
using a methodology similar to that used by the United States Geological Survey for 
its land-to-bay models.  The model allows PPRP to evaluate the relative contribution of 
Maryland sources and other regional sources to deposition totals.  As a part of this study, 
PPRP has developed an “emissions credit and benefit” scheme to evaluate the impacts of 
emission reductions for sources located in different states.  Using this scheme, regional 
and local planning agencies can better plan for emission reduction strategies to meet Bay 
restoration goals.

Recently, PPRP has started working with researchers at the University of Pittsburgh on an 
issue that is of interest to the Chesapeake Bay Science & Technology Advisory Committee.  
This work focuses on understanding the magnitude of impacts of nitrogen deposition in 
close proximity to sources of NOx.  Recent studies have shown that these “local impacts” 
may be associated with significantly higher rates of deposition than previously thought.  
The University of Pittsburgh researchers have collected local nitrogen deposition measure-
ments, and PPRP is working with the researchers to model local impacts and compare 
model predictions with measurements.  This work is particularly timely and relevant since 
EPA has recently taken action to address ambient standards for NO2.  Specifically, EPA 
has proposed (July 15, 2009) to introduce a one-hour standard for NO2 aimed in part at 
reducing impacts near roadways.  EPA separately has initiated a review of the secondary 
standard for NO2 in conjunction with the secondary standard for sulfur oxides.  Secondary 
standards development is scheduled to be completed in 2010.

Mercury	Impacts

The primary stationary sources of mercury in the U.S. are, in order of decreasing emissions, 
coal-fired power plants, gold mining, municipal waste combustors, chlor-alkali plants, 
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medical waste incinerators, and cement plants.  Emissions from some source categories 
— notably medical waste incinerators — have decreased dramatically in recent years due 
to stringent EPA regulations.  

Since power plants contribute approximately 75 percent of the total mercury emissions 
in Maryland, PPRP plays a significant role in supporting scientific research on this topic.  
PPRP has been actively involved in the study of regional sources of mercury emissions 
and their impacts on the Chesapeake Bay.  In cooperation with the University of Maryland, 
PPRP has sponsored several deposition monitoring programs and continues to evaluate the 
impacts of toxic emissions from power plants in Maryland.  A mercury monitor has been 
in operation in Beltsville, Maryland, since June 2004.  In June 2005, PPRP initiated a project 
to measure ambient air mercury concentrations at the Piney Run monitoring site in Garrett 
County, Maryland, using a continuous mercury monitoring instrument.  This state-of-the-
art monitoring effort will provide valuable data to the mercury research community.  PPRP 
is also involved with other on-going projects related to the effects of mercury emissions.  
The first project involves working with the Smithsonian Environmental Research Center 
and the University of Maryland Center for Environmental Science – Chesapeake Bay 
Laboratory to investigate the biogeochemistry of the processes involved with the fate of 
atmospheric mercury and how it ends up in fish tissue.  In another cooperative project with 
MDE, researchers are monitoring mercury tissue burden in young fish — a long-term effort 
that will lead to a better understanding of trends in mercury impacts.   

In 2002, Maryland issued a state-wide fish consumption advisory for lakes, reservoirs, and 
other impoundments due to high mercury levels in fish.  This advisory is currently still 
in effect.  PPRP has been involved in conducting a complex modeling study to estimate 
the quantity of mercury from 
Maryland and other regional 
sources that is deposited in 
water bodies throughout the 
state.  The location of sources 
of mercury emissions close to 
Maryland, and the location 
of some of the water bodies 
and watersheds evaluated in 
PPRP’s study, are shown in 
Figure 3-11.  

Implementation of the 
Maryland HAA will reduce 
mercury deposition in 
Maryland by approximately 
30 percent.  The role of power 
plants in contributing to 
mercury deposition within the 
state, compared to non-power 
plant regional sources and 
global background sources, 
will be greatly reduced.

The	Effects	of	the	Maryland	Healthy	Air	Act	of	2006

The Maryland HAA was signed into law in April 2006, and MDE developed enabling 
regulations for the HAA that became effective in January 2007.  The HAA requires substan-
tial reductions in emissions of NOx, SO2, and mercury from 15 coal-fired generating units 

Figure 3-11 Location of Mercury Sources and Watersheds 
within Maryland
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at seven power plants in Maryland.  The HAA also requires Maryland to participate in a 
multi-state program known as RGGI to reduce emissions of pollutants, including CO2, that 
contribute to climate change.  HAA-mandated emissions reductions will take place in two 
phases; Phase I begins in 2009/2010, and Phase II will begin in 2012/2013, depending on 
the pollutant.  

The HAA regulates NOx and SO2 emissions based on a pollutant “cap-and-trade” program 
in which the State establishes annual, state-wide total tonnage emissions caps separately 
for NOx and SO2, and then allocates a portion of the annual state-wide caps to each of the 
15 individual coal-fired power plant generating units subject to the HAA.  Power plant 
owners can comply by reducing emissions at each unit to meet the unit’s cap, or can com-
ply with the caps on a system-wide basis, by over-controlling emissions at some plants and 
trading the excess allowances to other HAA plants that the company owns and operates in 
Maryland.

The mercury provisions of the HAA do not allow a cap-and-trade program, but require 
each power plant to achieve a percentage reduction in emissions of mercury from a 
baseline year of at least 80 percent for Phase I (2010) and 90 percent beginning in Phase II 
(2013) and thereafter.

In response to the HAA, several of the coal-fired power plants are installing state-of-
the-art air pollution control equipment.  Most fossil fuel-fired power plants in Maryland 
are already equipped with some type of air pollution control systems for PM and NOx 
emissions; however, no power plants in Maryland currently have any add on SO2 controls 
in operation (although some have switched to burning coal with lower sulfur contents).  
Under the HAA, power plants in Maryland have flexibility in choosing how they will 
achieve NOx, SO2 and mercury emissions reduction targets.  Even with this flexibility, most 
of the coal-fired generating units in Maryland are planning to install major new air pollu-
tion control systems to reduce NOx, SO2, and mercury, as described below.

Proposed	HAA	Air	Pollution	Control	Projects

Brandon Shores 

The HAA project for Constellation’s Brandon Shores power plant will include the installa-
tion of an air pollution control system for each of the two large coal-fired boilers consisting 
of a wet FGD system for SO2 and mercury removal, a fabric filter baghouse for PM control, 
powered activated carbon (PAC) injection equipment for removal of mercury, and a 
sorbent injection system for the reduction of sulfuric acid mist (SAM).  The FGD system is 
predicted to reduce SO2 emissions up to 96 percent.  The combination of the PAC system 
along with the co-benefit of the wet FGD is predicted to reduce mercury emissions up to 90 
percent.  The co-benefit of the FGD and the use of the SAM injection system is predicted to 
reduce SAM by up to 80 percent.  In past projects, Constellation equipped Brandon Shores 
Units 1 and 2 with SCR systems for ozone season (May through September) NOx reduc-
tions of approximately 90 percent.  The company began operating the SCR year-round in 
January 2009 to reduce annual emissions.  

Figure 3-12 is a schematic showing the flue gas and air pollution control train at Brandon 
Shores.  The equipment to the left of the vertical line depicts the existing system (boiler 
to existing stack).  The two sides together (to the left and to the right of the vertical line) 
depict the design after implementation of the HAA pollution control project.  Construction 
of the HAA pollution control project at Brandon Shores began in 2007 and is scheduled to 
be completed in the first quarter of 2010.    
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H.A. Wagner Generating Station 

Constellation received a Certificate of Public Convenience and Necessity (CPCN) that 
allowed the company flexibility to choose among three alternatives to reduce NOx from 
Unit 2 and two alternatives to reduce mercury from both Unit 2 and Unit 3 at the Wagner 
power plant.  Proposed NOx alternatives include the installation of a technology known as 
Rotating Opposed Fired Air (ROFA®), an SNCR system, or both.  To reduce NOx emissions 
from Wagner Unit 2, Constellation installed an SNCR system at the end of 2008 that should 
achieve reductions of up to 30 percent from this generating unit.  In a past project, Constel-
lation installed a state-of-the-art SCR system that can achieve approximately 90 percent 
NOx reduction from Wagner Unit 3 during the ozone season.  Similar to Brandon Shores, 
Constellation began operating the Wagner Unit 3 SCR year-round in January 2009 to reduce 
annual NOx emissions.

Constellation began installing activated carbon injection (ACI) systems on Wagner Units 
2 and 3 in April 2009 to control mercury emissions.  These systems are expected to be 
operational prior to the end of 2009.  Constellation will address SO2 reductions from 
Wagner through sorbent additives, fuel switching to lower sulfur coals and/or using excess 
emissions allowances from over-controlling Brandon Shores or other plants. 

C.P. Crane Generating Station 

As with Wagner, Constellation received a CPCN that granted the company flexibility to 
choose among four alternatives to reduce NOx and mercury from Units 1 and 2.  NOx 
alternatives include various forms of SNCR technologies.  Mercury alternatives include 
ACI and furnace sorbent injection.  

Near the end of 2008, Constellation installed SNCR systems on Crane Units 1 and 2, which 
are targeted to achieve NOx emission reductions of up to 50 percent.  For mercury emission 
control, Constellation began installing a PAC injection system for both Crane units in April 
2009.  These systems are expected to be operational before the end of 2009.  Constellation 
will address SO2 reductions from Crane through fuel switching to lower sulfur coals or 
using excess emissions allowances from over-controlling at other Constellation plants.

Morgantown Generating Station 

Coal-fired Units 1 and 2 at Mirant’s Morgantown Generating Station are currently 
equipped with cold-side electrostatic precipitators (ESPs) for particulate emission control, 
and a combination of LNBs and separated overfire air (SOFA) to control NOx emissions.  
State-of-the-art SCR systems were installed on each unit to provide additional NOx control; 
the systems became operational in 2007 (Unit 1) and 2008 (Unit 2).  

Figure 3-12  Schematic of the Flue Gas Train at Brandon Shores
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Mirant’s HAA air pollution control project for Morgantown consists of wet FGD systems 
and SAM controls, as well as associated enhancements of the facility necessary for the 
operation of these systems.  The wet FGD is predicted to reduce SO2 emissions up to 92 
percent.  The co-benefit of both the FGD and the use of an interim SAM injection system 
is predicted to reduce SAM by at least 69 percent.  Mercury emissions will be reduced as a 
result of the operation of the SCR and FGD systems.  Construction of the FGD systems is 
scheduled to be completed and operations started by late 2009 and early 2010 to coincide 
with the planned shutdown periods for both units.  Space has been allocated for future 
installation of baghouses and/or ACI equipment if additional mercury emission controls 
are required. 

Chalk Point Generating Station 

Current control equipment on Mirant’s Chalk Point Unit 1 includes LNB with overfire 
air for NOx control and ESPs for PM control.  A selective autocatalytic reduction (SACR) 
system was installed on Unit 2 for NOx control in 2006.  An SCR system was installed on 
Unit 1 to comply with the HAA NOx limitations; the system became operational during the 
2008 ozone season.  The SCR is predicted to reduce NOx emissions by at least 85 percent.  
Mirant is also installing a wet FGD system at Chalk Point to reduce SO2 emissions.  The 
FGD systems are predicted to reduce SO2 emissions by at least 92 percent.  SAM will be 
controlled by sorbent injection, resulting in a predicted reduction of at least 62 percent.  
Mercury emissions will be reduced as a co-benefit of the operation of these new pollution 
control technologies.  The construction associated with the FGD systems is scheduled to be 
completed and operations started by late 2009 and early 2010 to coincide with the planned 
shutdown periods for both units.  As with Morgantown, space has been allocated for future 
installation of baghouses and/or ACI equipment if additional mercury emissions control is 
required.  

Dickerson Generating Station

Current air pollution control systems at Mirant’s Dickerson station in Montgomery County 
include high-efficiency particulate matter control devices and LNB with SOFA for NOx con-
trol.  Mirant installed SNCR systems to reduce NOx emissions from all three of the plants 
coal-fired units, which began operation during the 2008 ozone season.  The SNCR systems 
were predicted to reduce NOx emissions by approximately 25 percent from the previous 
years.  Additional HAA controls being installed at Dickerson include a wet FGD system to 
reduce SO2 emissions by at least 92 percent.  SAM will be controlled by sorbent injection, 
resulting in a reduction of at least 49 percent.  Mercury emissions will be reduced as a 
co-benefit of the operation of these new pollution control technologies.  The construction 
associated with the FGD systems is scheduled to be completed and operations started by 
late 2009 and early 2010 to coincide with the planned unit shutdown periods for all three 
units.  Space has been allocated for future installation of baghouses and/or ACI equipment 
if additional mercury emissions control is required.  

R.P. Smith Generating Station 

Allegheny Energy Supply owns and operates the R.P. Smith generating station in Wash-
ington County, Maryland.  To date, Allegheny has not indicated how the R.P. Smith facility 
will comply with the HAA.  The ESP on the plant's Unit 4 was replaced with an electro-
static fabric filter (ESFF) technology manufactured by GE Energy.  The installation of this 
new ESFF will bring a co-benefit of reducing mercury emissions.
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Air	Quality	Benefits

The implementation of the HAA will result in significant decreases in emissions of SO2, 
NOx, and mercury from coal-fired power plants in Maryland.  These reductions will result 
in anticipated improvements in air quality within Maryland, including improvements 
related to ground-level ozone concentrations, acid deposition, mercury and nutrient load-
ing to the Chesapeake Bay and watershed, and reduced concentrations of sulfate aerosols 
that contribute to the current nonattainment status for PM2.5.  

As part of the licensing process for these HAA pollution control activities over 2006-2007, 
PPRP assessed impacts of each of the projects separately.  In a recent follow-up project, 
PPRP conducted an air quality modeling analysis to quantify the cumulative benefits of all 
seven of the HAA emissions reductions projects.  In less than 12 months, PPRP conducted 
environmental impact analyses for more than seven major licensing cases and a cumulative 
impact analysis for all of the pollution control projects.  

PPRP’s analysis indicates that the HAA will have a significant positive effect on the envi-
ronment in Maryland.  In particular, the emissions reductions will help the State manage 
three important environmental challenges:  maintaining PM2.5 concentrations at levels 
below ambient air quality standards, acidic deposition of sulfur (i.e., acid rain, mercury), 
and harmful nutrient loading to the Chesapeake Bay.  An ozone benefit assessment is 
currently underway.

Other	Air	Quality	Regulatory	Drivers	Affecting	Power	Plants

There are several other major air quality regulatory programs that apply to power plants in 
Maryland, in addition to the federal ozone and NAAQS-based regulations and Maryland’s 
HAA.  These include the Clean Air Interstate Rule (CAIR) and the Clean Air Mercury Rule 
(CAMR), described in greater detail below, and EPA’s new GHG emissions reporting rule, 
which is discussed in Chapter 4 (see page 144).  Both CAIR and CAMR have been the sub-
ject of a considerable amount of litigation as part of the regulatory development process.

Clean	Air	Interstate	Rule

The EPA finalized CAIR on March 10, 2005.  In its current form, CAIR would affect 28 
eastern states and Washington, D.C. and was designed to reduce formation and downwind 
transport of PM2.5 and ozone by limiting emissions of precursor pollutants SO2 and NOx.  
Ultimately, CAIR would have reduced SO2 emissions in these states by over 70 percent and 
NOx emissions by over 60 percent from 2003 levels.  However, in July 2008, the U.S. Court 
of Appeals for the D.C. Circuit issued an opinion vacating and remanding CAIR stating 
that, “EPA’s approach — region-wide caps with non state-specific quantitative contribution 
determinations or emissions requirements — is fundamentally flawed”  and “The trad-
ing program is unlawful because it does not connect states’ emissions reductions to any 
measure of their own significant contributions.”3 

Following several requests for rehearing, the Court issued an order in December 2008 that 
leaves CAIR in effect while the EPA develops a new clean air program for power plants in 
accordance with the July 2008 decision.  EPA noted that the development and finalization 
of a replacement rule could take about two years.

Clean	Air	Mercury	Rule

CAMR is the first-ever federal action designed to regulate mercury from electric generating 
units.  Finalized by EPA on March 15, 2005, the rule is similar to CAIR in that it would have 

3 United States Court of Appeals for the District of Columbia Circuit, dated 11 July 2008.
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created a market-based cap-and-trade program to be implemented in two phases.  How-
ever, on February 8, 2008, the D.C. Circuit removed power plants from the Clean Air Act 
list of sources of hazardous air pollutants, thus vacating CAMR for power plants.  Since 
then, EPA has asked the Supreme Court to review the D.C. Circuit Court’s vacatur of the 
rule (February 6, 2009).  In the meantime, according to EPA’s website, the EPA has decided 
to begin developing emission standards for power plants under the CAA, consistent with 
the Court’s opinion.  

3.1.2	 Impacts	to	Water	Resources
Other than a small segment of western Maryland and small estuarine water bodies of the 
Atlantic Shore, the bulk of Maryland’s drainage system feeds the Chesapeake Bay.  All of 
Maryland’s primary rivers drain into the Chesapeake Bay: Potomac, Patuxent, Patapsco, 

Impacts of NOx and SO2 Control Regulations on Air Emissions  
in Maryland
In October 1998, EPA promulgated the 
“Finding of Significant Contribution 
and Rulemaking for Certain States in 
the Ozone Transport Assessment Group 
(OTAG) Region for Purposes of Reducing 
Regional Transport of Ozone,” which 
is commonly known as the “NOx SIP 
Call.”  The NOx SIP Call applied to 20 
states in the eastern United States and the 
District of Columbia and required NOx 
reductions of up to 28 percent from 1996 
emissions levels by the year 2007.  All 
power plants in Maryland were subject to 
the requirements of the NOx SIP Call and 
most of the power plants installed some 
type of air pollution control equipment to 
comply with the rule.  

The two figures at top right illustrate the 
changes in “ozone season” (May through September) 
NOx emissions from power plants in Maryland and the 
changes in the number of emissions controls systems 
installed on these units since passage of the NOx SIP 
Call.  

There were substantial reductions in NOx emissions 
prior to the NOx SIP Call between 1999 and 2002, as 
power plants in the Eastern U.S., including Maryland, 
became subject to another, earlier NOx control 
program, the Ozone Transport Commission (OTC) rule.  

In April 2006, Maryland enacted the HAA, which 
requires significant reductions in NOx, SO2, and 
mercury emissions from coal-fired power plants in 
Maryland.  To comply with the HAA and other air 
regulatory programs, owners of coal-fired power plants 
in Maryland have installed or are in the process of 
installing advanced add-on control equipment, including SCR and SNCR to further reduce NOx emissions.

The trends in SO2 emissions for power plants in Maryland between 1999 and 2006 are shown in the lower graph.  No significant reductions in 
SO2 emissions occurred in Maryland between 1999 and 2006.  This is because no add-on controls were installed on power plants during this 
period.  However, several coal-fired units in Maryland are installing state-of-the-art SO2 controls in the form of wet FGD scrubbers to comply 
with the HAA.  FGD systems such as these will reduce SO2 emissions substantially (upward of 80 percent in many cases).  
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Susquehanna, Chester, Choptank, Nanticoke, Blackwater, and Pocomoke Rivers.  Together, 
these rivers and the Bay extend over a large geographic area and encompass a broad range 
of aquatic habitat types, including marine, estuarine, and freshwater rivers and lakes.

All steam electric power plants in Maryland are located in the Chesapeake Bay watershed 
(see Figure 3-13).  Power plants are significant users of water in Maryland, and their 
operation can affect aquatic ecosystems as well as the availability of water for other users.  
This section describes the volume of water used in Maryland for power plant operation, 
potential resource impacts, and methods for minimizing any adverse impacts.

Withdrawal	and	Consumption	Impacts

Most electricity is produced in Maryland by four types of generating technologies:  steam-
driven turbines, combustion turbines, combined cycle facilities (a combination of steam 
and combustion turbine units), and hydroelectric facilities.  Power plants with steam cycles 
have the largest water withdrawals because of the need to cool and condense the recirculat-
ing steam.  Typically, a power plant will obtain cooling water from a surface water body.  
The other, much smaller water needs of the power plant, such as boiler makeup water, are 
met by on-site wells or municipal water systems.

Table 3-2 lists all major steam generating power plants in Maryland (excluding self-genera-
tors) and quantifies their water withdrawals and consumption for 2007.  Most steam plants 
in Maryland use once-through cooling, in which cooling water is continuously drawn from 
a water source, used, and then continuously returned to (usually) the same source.  While 
water losses within the cooling 
system are negligible, the release 
of heated water results in elevated 
evaporative losses in the receiving 
waters.  According to work con-
ducted by the Interstate Commis-
sion on the Potomac River Basin 
(ICPRB), the in-stream evaporative 
loss caused by heated discharges 
can range up to 2.5 percent of the 
discharge volume with an average 
of about 0.6 percent during the 
summer and 0.5 percent during the 
winter.  

PPRP applied ICPRB’s calculation 
methods to the Maryland steam 
generators’ 2008 water use data to 
estimate the amount of water lost 
to evaporation as a result of ther-
mal discharges from these power 
plants.  The calculations indicate 
that an estimated 27 million gallons 
per day (mgd) of water statewide 
is lost to in-stream evaporation as 
a result of heated discharges from 
once-through cooling.  While most 
of this evaporation occurs in tidal 
waters, with negligible impacts to 
other water users, approximately 

Figure 3-13 Salinity Zones of the Maryland Chesapeake Bay
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2 mgd of that loss represents freshwater losses in the Potomac River as a result of heated 
discharges from Mirant’s Dickerson plant and Allegheny Energy’s R. Paul Smith facility.  
For comparison, the historic minimum flow in the Potomac at Point of Rocks, near the 
Dickerson Plant, was 342 mgd, measured in September 1966.

Table 3-2 Surface Water Appropriations and Use at Maryland 
Power Plants with Steam Cycles

Power Plant
Surface Water 
Appropriation 
(average, mgd)

2008 Actual  
Surface Withdrawal  

(average, mgd)

Estimated 
Consumption 

(mgd)1
Water Source

ONCE-THROUGH COOLING    

BRESCO 50 19 N/A Gwynns Falls
Calvert Cliffs 3,500 3,363 18 Chesapeake Bay
Chalk Point2 720 593 N/A Patuxent River
C.P. Crane 475 324 2.3 Seneca Creek

Dickerson 401 353 1.4 Potomac River 
(non-tidal)

Morgantown 1,503 1,130 2.3 Potomac River
Riverside 40 5 0.04 Patpsco River

R.P. Smith 70 45 0.54 Potomac River 
(non-tidal)

H.A. Wagner 940 351 2.0 Patapsco River
SUBTOTAL 7,699 6,183 27  
CLOSED-CYCLE COOLING    

AES Warrior Run3 0.021 N/A N/A City of Cumberland
Brandon Shores 35 0 N/A Patapsco River
Panda 
Brandywine3 3 N/A N/A Mattawoman 

WWTP
Montgomery 
Co. Resource 
Recovery Facility

1.342 0.79 N/A Potomac River 
(Dickerson Station’s 
discharge canal)

Vienna 2 0.15 N/A Nanticoke River
SUBTOTAL  41.4 0.94 0.0  
TOTAL 7,740 6,184 27  

Source - MDE WMA

1For facilities with once-through cooling, the estimated consumption was derived from ICPRB’s 1986 report, 
Evaporative Loss from Receiving Waters Due to Heated Effluent Discharges.

2Chalk Point has two units on once-through cooling and two on closed-cycle cooling.  The appropriation of 720 
mgd covers all four steam units; data on each cooling system individually are not available.

3AES Warrior Run and Panda Brandywine do not have direct surface water appropriations for their total water 
use, since their cooling water needs are met indirectly through third parties (the city of Cumberland and the 
Mattawoman wastewater treatment plant, respectively). The surface water appropriation for AES Warrior Run 
is for back-up water use only.  2008 water use data for these power plants was not available.  The maximum 
reported daily water withdrawal at Panda Brandywine is 1.7 mgd.

Four steam power plants in Maryland – AES Warrior Run, Brandon Shores, Panda Bran-
dywine, and Vienna – use closed-cycle cooling (cooling towers) exclusively instead of 
once-through cooling.  (Chalk Point has multiple steam boilers, two of which use once-
through and two of which use closed-cycle cooling.)  Closed-cycle systems recycle cooling 
water and withdraw less than one-tenth of the water required for once-through cooling; 
however, depending on plant design and operating parameters, 50 to 80 percent of the 
water evaporates from the cooling tower and does not return to the source, thus represent-
ing a consumptive use.  According to data reported by the Electric Power Research Institute 
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(EPRI), closed-cycle cooling systems consume on average about 1.5 times more water per 
megawatt-hour than once-through systems.

Cooling water withdrawals at steam electric facilities represent the majority of surface 
water usage in Maryland.  In 2008, combined water withdrawal for all steam generating 
power plants in Maryland is estimated at 6.2 billion gallons per day (see Table 3-2).  All 
other non-power plant users in the state have a combined appropriation of less than 4 
billion gallons per day.  By comparison, the Potomac River has an average discharge 
of roughly 7 billion gallons per day, and the Susquehanna River discharges an average 
of about 23 billion gallons per day (actual daily flows in both the Susquehanna and the 
Potomac fluctuate greatly, both seasonally and from year to year).

Nuclear power plants also fall within the steam generating category; however, they use 
nuclear reactions instead of fossil fuel combustion to create the thermal energy.  The exist-
ing fleet of operating nuclear facilities generate more waste heat than fossil fuel-fired plants 
of the same capacity, and according to data from the Nuclear Regulatory Commission 
(NRC), require 10 to 30 percent more cooling water to produce the same energy.  Nuclear 
stations generally operate at a lower steam temperature and pressure compared to fossil 
fuel-fired generating plants, which causes a somewhat lower efficiency in the conversion 
of thermal energy to mechanical and, ultimately electrical energy.  Consequently, more 
thermal energy is rejected to the cooling system, per megawatt-hour generated, than would 
be in a fossil fuel plant, and more cooling water is needed to absorb that waste heat.

Maryland has one nuclear power plant operating on the western shore of the Chesapeake 
Bay, Calvert Cliffs, which withdraws an average of 3.3 billion gallons per day from the Bay.  
This is the largest single appropriation of water in the State of Maryland, 13 times more 
than the municipal supply for the Baltimore City metropolitan area of 250 million gallons 
per day.  While the majority of this water is returned to the Bay, an estimated 18 mgd of 
Bay water is lost to evaporation as a result of the heated discharge (see Table 3-2).  The 
proposed Unit 3 at Calvert Cliffs will utilize a cooling tower and thus will not withdraw as 
much Bay water as Units 1 and 2, although its water consumption due to evaporation will 
be greater.

In addition to cooling water, certain other processes, such as the operation of wet FGD 
scrubbers, also require substantial amounts of water.  For instance, Mirant plans to install 
FGD scrubbers at its Morgantown facility and has agreed that the water source for the 
scrubbers will be the Potomac River (in order to minimize the need for additional ground 
water withdrawals at the plant).  Mirant estimates that the scrubbers will require an 
additional 3.44 mgd of Potomac River water, more than half of which will be consumed by 
evaporation.  This represents a minor increase over the previous allocation of 1,500 mgd 
of Potomac River water for cooling at the plant.  The water will be pumped from the tidal 
portion of the Potomac River and will be brackish in nature, requiring purification before 
it can be used in the FGD system.  Mirant has made plans to install a desalination plant at 
Morgantown to facilitate use of brackish Potomac River water in this application.

Low-Flow	Issues

Consumptive users of water in the nontidal portion of the Potomac River must comply 
with Maryland’s consumptive use regulations for the Potomac River Basin (COMAR 
26.17.07).  The intent of this regulation is to ensure that during low-flow periods, upstream 
users allow sufficient water to continue downstream to supply water demands in the 
Washington, D.C., metropolitan area.

The consumptive use regulations require users consuming more than 1 mgd of water from 
the Potomac River to maintain low-flow augmentation storage, and release water from this 
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storage to offset their consumption during low-
flow periods.  Alternatively, users can comply with 
the rules by reducing consumptive use to less than 
1 mgd during low-flow periods.  The consumptive 
use regulations specify the amount of augmenta-
tion storage that must be secured to avoid the 
potential for curtailment of water withdrawals 
during low-flow periods.

A power plant developer can build ponds or 
tanks to store cooling water, which could carry the 
facility through a short-term drought.  However, 
it is typically not feasible for plant developers to 
construct on-site storage that could supply enough 
water to support operations through a prolonged 
period of withdrawal restrictions.  Plants that 
propose to withdraw cooling water from nontidal 
waters of the Potomac, therefore, accept the risk 
that severe drought conditions may require them to 
curtail their operations.  It is recognized that severe 
drought conditions correlate quite well with condi-
tions of heavy electricity consumption, but the goal 
of providing on-site water storage is to reduce the 
risk of curtailment, not entirely eliminate it.

As an example, Mirant agreed to incorporate 
on-site water storage to meet Potomac River low-flow requirements as part of the 2007 
licensing case to modify the Dickerson Generating Station for the installation of a wet 
scrubber.  Typically, about 85 percent of the water used in a wet scrubber is consumptively 
lost through evaporation out of the stack.  Mirant projected that operating at peak load 
for 24 hours could create a consumptive use of water slightly over 1 mgd.  In addition, 
Mirant operates two combustion turbines at Dickerson that consume additional water 
under certain operating conditions.  To comply with the consumptive use regulations, 
Mirant proposed to limit Potomac River water consumption to 1 mgd for the FGD unit and 
the two combustion turbines.  In addition, Mirant proposed to use an on-site pond with a 
capacity of 4.5 million gallons to supplement the water supply during periods of low flow 
to minimize the risk that generation would be curtailed.  PPRP and MDE agreed with this 
approach for complying with the consumptive use requirements, and the Maryland Public 
Service Commission (PSC) issued a CPCN with conditions reflecting the approach.

Cooling	System	Alternatives	and	Advances

With increasing pressures to minimize water withdrawals, power plant developers are 
finding more efficient means of cooling.  Once-through cooling, the original standard for 
power plants, is not a viable option for new power plants, particularly in light of EPA’s 
newly promulgated regulations under the Clean Water Act Section 316(b), designed to 
reduce ecological effects of cooling water withdrawals.  Closed-cycle cooling towers have 
become standard on new steam generating power plants, reducing water withdrawals 
substantially compared to once-through cooling systems.  As noted previously though, 
their consumptive use is somewhat higher.

The reuse of effluent from wastewater treatment plants (WWTP) is also becoming more 
acceptable and viable for power plants.  The Panda Brandywine combined cycle facility, 
located in Prince George’s County, currently utilizes about 1.5 mgd of treated effluent 

Great Falls Park on the Potomac River
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from the Mattawoman WWTP for its cooling water needs.  In 2007, Constellation agreed 
to use treated effluent from Anne Arundel County’s Cox Creek WWTP to supply the FGD 
system being installed at the Brandon Shores power plant.  In addition, CPV Maryland 
has proposed a new gas-fired power plant in Charles County that would also use treated 
effluent as its source of cooling water.

Effluent reuse has been established as an alternative that can be economically attractive 
and technically viable for sites located near large WWTPs.  With respect to environmental 
impacts, effluent reuse still represents a consumptive loss of freshwater resources, since 
the treated effluent that is used and evaporated in the cooling towers would otherwise be 
discharged to surface water.  However, aquatic impacts are reduced because effluent reuse 
does not involve direct withdrawals from a surface water body.

Dry cooling systems are also making significant inroads to the power industry.  Once 
thought infeasible due to their large size, aesthetics, parasitic power use, required land, 
and capital outlay, dry cooling towers are now being seriously evaluated as potential 
alternatives to wet cooling systems.  Although currently there are no major power plants in 
Maryland using dry cooling systems, a hybrid dry cooling system has been included in the 
plans for the proposed Unit 3 development at the Calvert Cliffs power plant.  Hybrid dry 
cooling systems combine both a "wet" portion, like traditional closed-cycle systems, plus an 
air-cooled "dry" portion.  As appropriations for cooling water become more restricted, dry 
cooling becomes a more attractive option.

Ground	Water	Withdrawals

The use of ground water for process cooling is severely restricted in Maryland, but some of 
Maryland’s power plants are significant users of ground water for other purposes.  Ground 
water is used for boiler feedwater in coal-fired power plants, inlet air cooling, emissions 
control in gas- and oil-fired combustion turbines, and potable water throughout the power 
plants.  High-volume ground water withdrawals have the potential to lower the water 
table of an area, thus reducing the amount of water available for other users.  Excessive 
withdrawals from Coastal Plain aquifers can also cause intrusion of salt water into the 
aquifer.  Although large volumes of 
ground water are available in the 
Coastal Plain aquifers, withdrawals 
must be managed over the long-
term to ensure adequate ground 
water supplies are available in the 
future.

The impact of these withdrawals 
has been a key issue in southern 
Maryland, where there is a signifi-
cant reliance on ground water for 
public water supply.  Currently five 
power plants withdraw ground 
water from southern Maryland 
coastal plain aquifers for plant 
operations.  These plants are:  
Constellation’s Calvert Cliffs 
Nuclear Power Plant, Mirant’s 
Chalk Point and Morgantown 
power plants, Southern Maryland 
Electric Cooperative's (SMECO’s) 

Evaluating Drawdown Impacts
Long-term monitoring data show how pumping from a ground water aquifer affects the water level 
over time.  MDE regulations define “available drawdown” in an aquifer as 80 percent of its historic 
pre-pumping level.  The significance of the current drawdown can then be estimated by comparing 
current drawdown to the total available drawdown (see drawing below for an illustrated example).
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combustion turbine facility (located at the Chalk Point plant), and Panda Brandywine’s 
combined cycle power plant.  These five plants withdraw ground water from three 
aquifers:  the Aquia, the Magothy, and the Patapsco.  Two additional power plants utilize 
ground water:  Perryman, located in Harford County northeast of Baltimore, and Vienna 
located in Dorchester County on the Eastern Shore.  Figure 3-14 shows the ground water 
withdrawal rates expressed as daily averages from 1975 to 2008 for each of these power 
plants.  The withdrawal rates and associated appropriations limits are also shown in Figure 
3-14.  As noted in Table 3-3, power plants typically withdraw ground water at rates well 
below their appropriation permit limits.  The average withdrawal for all seven power 
plants in 2008 was 1.31 mgd compared to a combined daily appropriations limit of 2.66 
mgd.  The amount of ground water withdrawn by power plants has fluctuated between 
about 0.9 and 2.2 mgd over the past 30 years.

Three government agencies – the Maryland Geological Survey, the U.S. Geological Survey, 
and PPRP – jointly operate a ground water monitoring program to measure the water 
levels in these aquifers to ensure the long-term availability of ground water.  MDE Water 
Management Administration (WMA), the permitting authority for all ground water 
appropriations, uses the data from this joint monitoring program to assess the significance 
of impacts to aquifers when reviewing additional appropriations requests.

Long-term monitoring indicates a steady decline in water levels in the Aquia, Magothy, and 
Patapsco aquifers.  However, these declines are not solely due to withdrawal from power 
plants, and are considered acceptable by MDE WMA when compared to the amount of 
water available in the aquifers.  The amount of water available is expressed as the aquifer’s 
“available drawdown,” which is defined in MDE regulations as 80 percent of the distance 
from the historic pre-pumping water level to the top of the pumped aquifer.

Figure 3-14 Average Daily Groundwater Withdrawal Rates at Maryland  
Power Plants
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Table 3-3 Average Daily Ground Water Withdrawal Rates (in mgd) at Maryland  
Power Plants

 

Chalk Point 
(Magothy 
Aquifer)

Chalk Point 
(U. Patapsco 

Group 
Aquifer)

Vienna 
(Columbia 
Aquifer)

Panda (L. 
Patapsco 
Aquifer)

Morgantown 
(L. Patapsco 

Aquifer)

Calvert 
Cliffs 

(Aquia 
Aquifer)

SMECO (U. 
Patapsco 
Aquifer)

Perryman 
(Talbot 

Aquifer)

Total Average 
Daily 

Withdrawal

Current 
Appropria-tion 
Limit 

0.66 0.66 0.05 0.064* 0.82 0.45 0.02 0.1 2.66

1975 0.75 0.04 0.8 0.22 1.81
1976 0.95 0.07 0.8 0.2 2.02
1977 0.7 0.06 0.8 0.25 1.81
1978 0.7 0.06 0.7 0.24 1.7
1979 0.85 0.07 0.8 0.25 1.97
1980 0.77 0.3 0.04 0.8 0.25 2.16
1981 0.69 0.37 0.02 0.65 0.27 2
1982 0.6 0.4 0.02 0.6 0.27 1.89
1983 0.7 0.43 0.03 0.6 0.25 2.01
1984 0.62 0.37 0.03 0.7 0.28 2
1985 0.64 0.26 0.03 0.6 0.27 1.8
1986 0.5 0.41 0.02 0.62 0.26 1.81
1987 0.43 0.36 0.03 0.52 0.38 1.72
1988 0.43 0.37 0.03 0.67 0.25 1.75
1989 0.55 0.46 0.04 0.73 0.07 1.85
1990 0.6 0.44 0.02 0.67 0.09 0.01 1.83
1991 0.44 0.46 0.01 0.57 0.15 0.01 1.64
1992 0.37 0.41 0.04 0.58 0.15 0.01 1.56
1993 0.25 0.47 0.03 0.67 0.19 0.01 1.62
1994 0.41 0.49 0.02 0.64 0.18 0.01 1.75
1995 0.53 0.41 0.02 0 0.54 0.23 0.02 0.01 1.76
1996 0.45 0.38 0.02 0.1 0.65 0.29 0 0.001 1.89

1997 0.5 0.41 0.01
Not 

Available 0.58 0.41 0 0.001 1.91

1998 0.57 0.35 0.02 0.06 0.54 0.37 0.01 0 1.92
1999 0.53 0.31 0.02 0.05 0.56 0.39 0.01 0 1.87
2000 0.382 0.322 0.019 0.04 0.606 0.412 0.008 0.005 1.79
2001 0.427 0.426 0.017 0.051 0.337 0.395 0.007 0.031 1.69
2002 0.346 0.296 0.02 0.067 0.423 0.392 0.009 0.004 1.56
2003 0.454 0.222 0.022** 0.486 0.489 0.407 0.009 0.01 2.08
2004 0.439 0.341 0.008*** 0.076 0.575 0.415 0.11 0.025 1.98
2005 0.362 0.382 0.013 0.074 0.243 0.34 0.02 0.002 1.44
2006 0.322 0.249 0.009 0.097 0.251 0.354 0.018 0.002 1.30

2007 0.279 0.061 0.009 0.072 0.136 0.362 0.015 0.002 0.94

2008 0.335 0.042 0.008 0.068 0.476 0.368 0.011 0.001 1.31

Source:  U.S. Geological Survey, MDE
*Panda was granted a higher appropriation during construction of its pipeline for conveying treated effluent.

**  No report was submitted to MDE for the period July-December 2003.  The amount shown was estimated using the total volume withdrawn of 4,131,683 
gallons reported for the period January-June 2003.

*** No report ws submitted to MDE for the period January-June 2004.  The amount shown was estimated using the total volume withdrawn of 1,505,770 gallons 
reported for the period July through December 2004.
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While power plants have contributed to the decline in the water levels in these aquifers, 
increased withdrawals from municipal well fields in southern Maryland have caused most 
of the recent declines.  Water quantity impacts to each of the three aquifers are summarized 
below.
•	 Aquia Aquifer at Calvert Cliffs – Water levels in the Aquia Aquifer at Calvert Cliffs have 

declined approximately 82 feet over the period 1982 to 2007, with most of the decline occurring 
since 1990.  This acceleration in water level declines is due to the withdrawal from municipal 
well fields at Lexington Park in St. Mary’s County and Solomons Island in Calvert County.  
The water levels at Lexington Park and Solomons Island have declined nearly 26 feet since 1997 
and approximately 108 feet since 1982.  The impacts from the water level declines are considered 
acceptable given the 315 feet of available drawdown currently estimated in the Aquia Aquifer at 
Calvert Cliffs based on MDE's available drawdown criteria described above.

•	 Magothy Aquifer at Chalk Point – MDE WMA has required industrial users of the Magothy 
Aquifer to use deeper aquifers like the Patapsco to allay concerns over water level declines in the 
Magothy.  As a result, the Chalk Point power plant reduced its ground water withdrawal from 
the Magothy during the time period 1990 to 2005 by about 44 percent compared to the period 
before 1980.  This reduction has resulted in a commensurate reduction in the rate of water level 
decline at the facility during this same period.  However, water levels continue to decline in the 
aquifer due to the extensive continued use in Annapolis and Waldorf.  The drawdown at Chalk 
Point between 1975 and 2006 has been approximately 41 feet, and a total of about 84 feet since 
pumping at Chalk Point began in 1964.  Prior to pumping in 1962, the elevation of the poten-
tiometric head in the Magothy formation was 28 feet above msl; thus the available drawdown is 
80 percent of 600 feet plus 28 feet, approximately equivalent to 500 feet.  Consequently, the total 
drawdown of 84 feet is small compared to the estimated total available drawdown of approxi-
mately 500 feet for the Magothy Formation in the vicinity of Chalk Point.

•	 Upper Patapsco Aquifer at Chalk Point – The water level surface in the Upper Patapsco 
Aquifer declined up to 22 feet at Chalk Point between 1990 and 2007.  Recent measurements 
indicate that a total drawdown of nearly 64 feet between 1975 and 2006 at Chalk Point.  These 
declines will not impact the approximately 512 feet of available drawdown in the Upper Patapsco 
Aquifer at Chalk Point.

•	 Lower Patapsco Aquifer at Morgantown – The water level surface of the Lower Patapsco 
Aquifer in the vicinity of the Morgantown power plant has declined up to 28 feet between 
1990 and 2006.  Since 1997, water levels in the vicinity of the Morgantown power plant have 
remained relatively constant.  By the year 2010, Mirant expects water demands at the Morgan-
town power plant to increase, due to the installation of FGD scrubbers.

Impacts	to	Water	Quality	and	Aquatic	Biota

Potential impacts from steam-electric power plants on rivers and estuaries may include a 
reduction in river flow volumes due to evaporative water loss in the plant’s cooling system, 
mortality of aquatic organisms as a result of entrainment in the cooling system, impinge-
ment of larger organisms on cooling system screens, and elevated temperatures of receiving 
waters after power plant discharge.  

Water usage and the resulting environmental impacts have been monitored by various 
agencies and organizations.  These issues have been a major responsibility of PPRP since it 
was established in 1972.  In systems where multiple sources of potential impacts can affect 
water quality and aquatic habitats, the combined effects may compound or intensify the 
effects of the individual sources, and accumulate in downstream areas.  Although permit 
requirements and regulations may not require an assessment of cumulative effects, the 
health of the contiguous system is determined by the impact of multiple influences.  PPRP 
has conducted aquatic impact assessment studies at all of Maryland’s existing plants and 
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has identified no measurable cumulative adverse impacts.  MDE issues discharge permits, 
in accordance with the Clean Water Act (CWA), and uses aquatic impact assessment data to 
monitor continued performance of power plants to minimize these impacts.  

In addition to minimizing impacts, several power plants have instituted cooperative 
aquatic enhancement measures at their facilities, such as constructing and operating game 
fish hatcheries in cooperation with the Maryland Department of Natural Resources (DNR).  
Power plants have also established funds to remove fish migration obstructions caused by 
low-head dams no longer in use.  The types of impacts identified by PPRP, along with the 
steps that have been taken to minimize and mitigate these impacts, are discussed in greater 
detail below.  The impacts associated with cooling water withdrawals in the state are 
currently being re-evaluated for regulatory compliance because of Section 316(b) of EPA’s 
CWA regulations for new and existing power plants.

Cooling	Water	Withdrawal	Impacts

Cooling water withdrawals can cause adverse ecological impacts in three ways:
•	 Entrainment – drawing in of plankton and larval or juvenile fish through plant cooling systems;
•	 Impingement – trapping larger organisms on barriers such as intake screens or nets; and
•	 Entrapment – accumulation of fish and crabs (brought in with cooling water) in the intake 

region.

In the 1970s and early 1980s, PPRP evaluated aquatic organism impacts at 12 major power 
plants.  The studies were used to evaluate the relative impacts of power plant operations 
on the aquatic environment, with special emphasis on the Chesapeake Bay.  Results of the 
studies showed that while power plant operations affect ecosystem elements, the cumula-
tive impacts have no significant consequence to Maryland’s aquatic resources.  

Although entrainment losses for aquatic organisms have been measured, they did not 
reveal consistent depletions of populations.  Even though power plant activities have 
not substantially decreased populations, the plants are still modifying their operating 
procedures and have constructed on-site hatchery facilities for fish stocking operations.  
They have also provided funding to remove blockages to migratory fish and devel-
oped improved intake technologies and other modifications to reduce entrainment or 
impingement.

Clean	Water	Act	Section	316(b)

EPA’s implementation of CWA Section 316(b) has resulted in updated assessments of the 
impacts of cooling water withdrawals.  EPA phased in the regulation in three steps:  Phase 
I applies to new facilities with a cooling water intake, constructed after January 17, 2002; 
Phase II applies to existing power-producing facilities, effective September 7, 2004, with a 
cooling water intake design greater than 50 mgd and applies to each facility as its National 
Pollutant Discharge Elimination System (NPDES) permit is renewed; and Phase III applies 
to non power producing facilities.  

Maryland has 12 existing steam electric power plants with an NPDES permit and a cooling 
water intake and discharge.  Of these, two plants are below the 50 mgd design threshold 
for Phase II facilities (Warrior Run and Vienna), one is classified as exempt from the new 
regulations (BRESCO), and the remaining nine (Calvert Cliffs, Chalk Point, C.P. Crane, 
Dickerson, Gould Street, Morgantown, Riverside, R.P. Smith, and Wagner-Brandon Shores) 
are or will undergo a Phase II evaluation.  

The Phase II regulations established specific performance standards for reduction of 
impingement and entrainment.  There were five compliance alternatives for using best 
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technology available to minimize adverse environmental impact at facilities.  However, 
as a result of a lawsuit by several environmental groups, states, and industry groups, the 
U.S. Court of Appeals made a ruling on the Phase II rule, rejecting many of its provisions 
(Riverkeeper et al. v. USEPA, decided January 25, 2007).  A portion of this ruling was 
appealed to the U.S. Supreme Court with respect to the cost-benefit test.  The court ruled 
in March 2009 that the cost-benefit test is allowed; specifically the court stated:  “The EPA 
permissibly relied on cost-benefit analysis in setting the national performance standards 
and in providing for cost-benefit variances from those standards as part of the Phase II 
regulations.”  EPA is expected to issue a revised rule for public comment some time in 2010, 
addressing the other issues required by the Riverkeeper case and the U.S. Supreme Court 
ruling on cost-benefit testing.

In March 2007, EPA suspended the Phase II 316(b) rule due to the court ruling.  Most 
power plants with once-through cooling water intakes, including those in Maryland, were 
required to submit a comprehensive study by the January 2008 deadline, to demonstrate 
how they would meet its requirements.  These facilities were already in the process of 
collecting the necessary information.  The suspension means that 316(b) permit conditions 
will be developed based on best professional judgment.  Thus, studies and analyses will 
proceed that can be used for either best professional judgment or for the EPA rule, if and 
when it is reinstated.  This includes any impingement and entrainment studies already 
undertaken to update the biological data for each facility, including Calvert Cliffs, Chalk 
Point, C.P. Crane, Dickerson, Gould Street, Morgantown, Riverside, R.P. Smith, and Wag-
ner-Brandon Shores.  Analyses of field data (where required) is also expected to proceed to 
show the impact of current level of impingement and entrainment relative to the calcula-
tion baseline and in comparison with historical data.  In the past several years, PPRP and 
MDE have been evaluating these analyses as part of each facility’s NPDES permit renewal 
process.

Cooling	Water	Discharge	Impacts

Impacts to aquatic biota from power plant cooling water system discharges include 
elevated temperatures, discharge of chemicals used for biofouling treatment (e.g., chlorine), 
discharge of metals eroded from internal plant structures (e.g., copper), and, in the case of 
Maryland’s only nuclear power plant, discharge of radiological materials.  Each of these 
impacts is discussed below.

Thermal	Changes

Biological impacts from heated effluents depend upon the magnitude and duration of the 
temperature difference between discharge water and river water.  Small organisms that 
pass through a plant’s cooling system experience the greatest temperature stress, both in 
magnitude and duration.  Exposed organisms in the receiving waters are more likely to 
experience smaller increases in temperature of shorter duration due to dispersion of the 
thermal plume and mobility of most of the exposed aquatic biota (e.g., fish, blue crabs).  
PPRP conducted studies to determine the effects of thermal discharges at each existing 
power plant in the state.  Because different aquatic biota occupies different habitat types in 
Maryland waters, study results are presented here according to the habitats where power 
plants are located (see Figure 3-13 on page 67).  The following pages present a brief sum-
mary of the findings in those studies.

Mesohaline Habitat – The largest power plants (in MWs) in the state discharge into meso-
haline habitat during all or part of the year.  PPRP studied thermal discharges from Chalk 
Point, Morgantown, Calvert Cliffs, and H.A. Wagner power plants as part of extensive 
fieldwork in the 1970s and 1980s.  Thermal plume dimensions for these power plants 
varied with season, tidal stage, wind velocity and direction, and plant operating levels.  
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The effects of thermal discharges from the power plants located in the mesohaline habitats 
of the Chesapeake Bay have been localized and are not considered significant.  PPRP found 
no cumulative adverse impacts to the habitats of the Chesapeake Bay ecosystem.  How-
ever, PPRP will continue to evaluate the habitats if additional power plant discharges are 
proposed; new technology would then be considered to reduce thermal discharges.

Tidal Fresh and Oligohaline Habitat – Two plants, Vienna and C.P. Crane, discharge into 
tidal fresh and oligohaline waters.  PPRP studies showed that the thermal plume at Vienna 
was small and its discharge effects were negligible.  The thermal plume at C.P. Crane 
affected about 40 percent of the volume of the receiving water embayment.  C.P. Crane 
effluents also resulted in a slight increase in nearfield salinity due to plant-induced changes 
in the nearby bay circulation pattern, but these factors did not affect nearfield dissolved 
oxygen.   

Recently, MDE required studies at C.P. Crane to repeat some of the historical fishery sur-
veys conducted in the late 1970s, as a condition for NPDES permit renewal.  The purpose of 
the surveys was to demonstrate that the fish populations in the vicinity of the Crane power 
plant remain unaffected by its thermal discharge.  The study showed that differences in the 
fish community apparent between the 2003-2005 results and the results of the 1979-1980 
study reflect long-term changes in the upper Bay fish community and are not suggestive 
of a plant discharge effect.  The results also suggest that there is no consistent effect of the 
thermal discharge on the fish community composition or distribution.

Findings at the plants in these tidal fresh and oligohaline habitats were consistent with 
those at facilities in mesohaline areas.  Thermal discharge effects were small and localized.  
PPRP studies found no evidence that fish movements were blocked by thermal plumes in 
the plants’ receiving waters in these particular habitats.

Nontidal Freshwater Habitat – R.P. Smith and Dickerson are the only once-through cool-
ing power plants located in nontidal riverine habitat in Maryland.  The thermal impact of 
their discharges on the Potomac River ecosystem was assessed in a long-term freshwater 
benthic study conducted by PPRP over an 8-year period in the 1980s.  While this long-term 
study documented that the thermal discharges from these two plants had an adverse 
impact on benthic communities in the immediate area of the discharges, these effects 
were localized.  The affected percentage of the total river bottom is very small.  To assess 
whether these localized impacts on benthic communities may be affecting fish populations 
within the river, the discharge permit for the Dickerson facility included a requirement 
for a multi-year study of growth and condition of several fish species in the vicinity of the 
plant.  Based on data on fish condition collected over a 21-year period near the plant and 
at reference locations, there was no indication that fish near the plant were affected by the 
localized discharge effects on benthic communities.

Chemical	Discharges

Concerns regarding the impacts of copper and chlorine discharged from cooling water 
systems into sensitive waters of the Chesapeake Bay watershed in the late 1970s and early 
1980s led to extensive studies by PPRP as well as others.

Copper – In the late 1970s and early 1980s, oysters in the vicinity of the Chalk Point, 
Calvert Cliffs, and Morgantown power plant discharges were found to be bioaccumulating 
copper that was present in the effluent discharge.  The copper resulted from erosion of the 
copper condenser tubes within the plants’ cooling systems.  While PPRP studies showed 
that oyster growth and survival were not adversely affected, the elevated levels of copper 
concentrations in oysters posed a potential risk to the health of individuals who might 
consume them.  Power plants replaced the copper condenser tubes with titanium tubes 
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where this problem was most significant, primarily in estuarine waters.  The titanium tubes 
eliminated the metals erosion, which also resulted in less maintenance on the condenser 
tubes.  Currently, NPDES permitting for all power plant discharges includes an evaluation 
of maximum discharge levels for copper (as well as other metals) to protect human health 
and the environment.

Chlorine – This substance is sometimes used by power plants to control bio-fouling of con-
denser tubes in cooling water systems.  While it may be an effective means of controlling 
biological organisms within the cooling system, it can also cause mortality in the aquatic 
biota of the receiving water body.  Presently, the NPDES permits for all power plants in 
Maryland require that chlorine not be discharged into the state’s waters for more than two 
hours in any one day from any one unit, and no more than one unit may discharge at any 
one time.  An exception may be granted if a facility demonstrates that more chlorination is 
needed to control macroinvertebrates.  Chlorinated discharge impacts are now considered 
resolved and no further action is needed.

Wastewater discharged from coal ash ponds, air pollution control equipment, and other 
equipment at power plants can contaminate drinking water sources, impact fish and other 
wildlife, and create other detrimental environmental effects.  In September 2009, the U.S. 
EPA announced plans to revise the existing standards for water discharges from coal-fired 
power plants to reduce pollution and minimize these effects.

Earlier in 2009, EPA completed a multi-year study of power plant wastewater discharges 
and concluded that current regulations, which were issued in 1982, have not kept pace with 
changes that have occurred in the electric power industry over the last three decades.  Air 
pollution controls installed to remove pollution from smokestacks have made great strides 
in cleaning the air people breathe, reducing respiratory and other illnesses.  However, some 
of the equipment used to clean air emissions does so by “scrubbing” the boiler exhaust 
with water ("wet" FGD systems) and when the water is not properly managed, it sends the 
pollution to rivers and other waterbodies.  Treatment technologies are available to remove 
these pollutants before they are discharged to waterways, but these systems have been 
installed at only a fraction of the power plants.  

As part of the multi-year study, EPA measured the pollutants present in the wastewater and 
reviewed treatment technologies, focusing mostly on coal-fired power plants.  Many of the 
toxic pollutants discharged from these power plants come from coal ash ponds and the FGD 
systems used to scrub SO2 from air emissions.  Types of treatment systems for FGD systems 
include settling ponds, chemical precipitation, biological treatment, constructed wetlands, 
and zero-liquid discharge.  Once the new rule for electric power plants is final-ized, EPA 
and states would incorporate the new standards into wastewater discharge permits.  More 
information about EPA’s study is provided in a report that was published in October 2009.  
For more information on wastewater discharges from power plants, please visit:  
http://www.epa.gov/waterscience/guide/steam/.

Impacts	of	Hydroelectric	Facilities

While only two large-scale hydroelectric projects (with capacities greater than 10 MW) are 
present in Maryland, seven additional small-scale facilities also generate electricity within 
the state (see map and table in Chapter 2 on page 25).

Hydroelectric facilities may present special environmental concerns that are not encoun-
tered at steam electric power plants.  Development and operation of hydroelectric facilities 
can cause three main types of impacts:

Changes in water quality – Impoundments created for hydroelectric dams significantly 
alter river flow from free-flowing streams to deep water flow.  This alteration causes 
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changes in natural water clarity, thermal stratification, and lower dissolved oxygen con-
centrations upstream of the dam, which, in turn, may result in low dissolved oxygen levels 
in the water discharged from the dam.  To mitigate these impacts, a procedure known as 
turbine venting was implemented at Conowingo Dam on the Susquehanna River.  This 
venting allows air to be entrained into the water passing through the turbines and increases 
the oxygen content of the water.  Similarly, an aeration weir was constructed in the Deep 
Creek Station tailrace to increase oxygen in water from the dam’s discharge.

Changes in water quantity – Operating hydroelectric facilities in a peaking mode (in 
response to peak electrical demand) produces unnatural, and frequently extreme water 
level fluctuations in impoundments as well as downstream from the dams.  Additional 
small-scale projects may also divert some flow away from the natural streambed.  Fluctua-
tions in water level and flow may reduce fish abundance as well as food sources important 
to fish growth and survival.  Several studies, initiated in the early 1990s and completed in 
1998 were conducted at Conowingo Dam to determine the minimum flow necessary to 
protect and enhance aquatic biota as well as whether a continuous flow is needed; these 
studies are being revisited as a part of the relicensing process (see below).

Direct adverse effects on fish populations – Dams prevent the natural upstream and 
downstream movement of both resident and migratory fish species.  Entrainment of fish 
attempting to move downstream past the dam may cause mortality due to the turbines.  
Factors that affect fish mortality include the type of turbine, the proportion of flow 
diverted through the turbine, and the size of fish.  Fish lifts at Conowingo have begun to 
restore anadromous fish populations upstream of the dam and operational changes have 
been used to reduce mortality of downstream migrating fish.  Studies are continuing at 
Conowingo to investigate further reductions on migratory fish impacts.  

Historically, the Susquehanna River supported large spawning runs of migratory species 
such as American shad, river herring, and striped bass.  The massive anadromous fish 
migrations extending as far upstream as Cooperstown, New York, were eliminated with 
the construction of four major hydroelectric facilities on the lower Susquehanna in the early 
1900s (Maryland’s Conowingo Dam, and Holtwood, Safe Harbor, and York Haven dams in 
Pennsylvania).

When the FERC licenses for the four Susquehanna River hydroelectric facilities were 
being considered for renewal in the early 1970s, a major issue that arose was restoration 
of migratory fish to the Susquehanna.  Participants in the FERC license proceedings 
included PPRP, on behalf of the State of Maryland; the State of Pennsylvania; the State of 
New York; the U.S. Fish and Wildlife Service; and several non-governmental organizations 
(NGOs).  The ultimate goal of the resource agencies and NGOs was to restore migratory 
fish runs throughout the Susquehanna River basin.  This goal was pursued through an 
active restoration program (e.g., trapping and trucking adult fish to areas above the dams, 
hatchery rearing of larval and juvenile shad for stocking in the river) and the installation of 
fish passage devices at all four dams.

By the year 2000, restoration programs had been operating for nearly 30 years, and fish 
passage devices had been installed at all four hydroelectric facilities.  For the first time 
since the dams had been constructed, the entire Susquehanna River had been re-opened 
to migratory fish.  This has created the potential for shad and other species to move as far 
upstream as New York State, representing renewed access to well over 400 miles of historic 
habitat.

Growth of the Susquehanna River shad stock in response to the restoration efforts and 
installation of fish passage devices has been problematic.  Growth peaked in 2001, when 
nearly 200,000 American shad were passed over Conowingo Dam, but has since declined 
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for reasons that are not clear (see Figure 
3-15).  On-going monitoring of restoration 
progress also revealed some issues that need 
to be addressed.  One concern at the present 
time is the low percentage of shad that are 
able to move past the Holtwood Dam during 
high flow years once they have successfully 
moved past the Conowingo Dam.  In 2004, 
only 3.1 percent of the shad passing over 
Conowingo Dam succeeded in moving 
beyond Holtwood Dam.  Concerns also exist 
regarding the percentage of shad that move 
past York Haven Dam.  A more thorough 
assessment of that issue may not be possible 
until a higher passage efficiency is achieved 
at Holtwood Dam.  PPRP, working with dam 
owners and other state and federal agencies, 
is continuing efforts to enhance upstream 
migratory fish passage as well as safe 
downstream passage of juveniles through 
operational and/or engineering modifica-
tions.  The FERC licenses for three of the 
four lower Susquehanna facilities expire at 
the end of 2014, and agency consultation on 
relicensing is already underway.  Fish pas-
sage and flow issues will be further studied 
and addressed as part of this process.

Current	Hydroelectric	Licensing	
Projects

Conowingo – Exelon Generation Company 
is licensed by FERC to operate the 549.5-MW 
Conowingo Hydroelectric Project, located 
on the Susquehanna River in Harford and 

Cecil counties.  The current license for Conowingo was issued in August 1980 and expires 
on September 1, 2014.  Exelon intends to submit an application to FERC for continued 
operation of the project; this application must be submitted by September 2012.  PPRP 
will coordinate all Maryland agency reviews and provide input on the license application, 
which FERC must consider as part of its review.  Some issues that PPRP has recommended 
for further study during relicensing include upstream and downstream fish passage, flow 
and water level management, the project’s effect on salinity in the Bay, dissolved oxygen 
(DO) levels, eel passage, sediment and debris management, and recreation.  PPRP’s goal 
is to determine appropriate study plans in consultation with Exelon and other resource 
agencies, to evaluate these issues, and ultimately to reach agreement on license conditions 
prior to Exelon’s submission of a final license application to FERC.

Jennings Randolph – In March 2008, Fairlawn Hydroelectric Company filed a notice 
of intent to seek a FERC license for the Jennings Randolph Hydroelectric Project.  The 
proposed project would use the existing Jennings Randolph Dam, owned by the U.S. Army 
Corps of Engineers (COE) and located on the Potomac River in Mineral County, West 
Virginia, and Garrett County, Maryland.  The developer’s plans include a total installed 
capacity of about 13 MW, and would not involve any change in the volume or timing of 

Figure 3-15 Number of American Shad Passed at 
Conowingo Dam (Susquehanna River), 1985-2009 and 
at Conowingo East, Holtwood, Safe Harbor, and York 
Haven Dams, 1997 - 2009
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releases compared to currently COE operations.  Fairlawn is conducting the necessary 
studies regarding water quality modeling, fish entrainment, wetlands, and protected spe-
cies, to support its license application to FERC, expected in 2011.

3.1.3	 Terrestrial	Impacts
Maryland’s diverse physiography, geology, and climate have produced a variety of eco-
regions that have fostered numerous, and sometimes unique, habitats ranging from ocean 
barrier islands in the east through salt marshes, fields and forests of the coastal plain, into 
rolling piedmont hills, and on to ancient forested mountains with remnant alpine glades 
to the west.  While human activities (agriculture, urban/suburban development, etc.) 
have impacted all of these areas to some extent, the majority of the landscape continues 
to possess a wide variety of habitats that support diverse communities of flora and fauna.  
Many of these communities help define their regions, and may contain rare, threatened, or 
endangered species.

The State of Maryland has enacted the following regulations (COMAR 08 and 26) that 
afford protection to habitats and species in terrestrial and wetland environments: 
•	 Waterway Construction;
•	 Water Quality and Water Pollution Control; 
•	 Erosion and Sediment Control;

Deep Creek Hydroelectric Station: Balancing Multiple 
Resource Uses
The 3,900-acre Deep Creek Lake was formed in 1925 by the construction of a rockwall dam across Deep Creek, a tributary of the 
Youghiogheny River.  The Deep Creek Hydroelectric Station (DCHS) includes two turbines with a combined generating capacity of about 
20 MW.

Operation of the facility affects recreational users of the lake and the river.  The Youghiogheny River is Maryland’s only designated “wild” 
river.  It supports a trout fishery and is one of the most challenging whitewater runs in the country.  In 1994, the owner of DCHS agreed to 
negotiate conditions to be required under a water appropriations permit administered by MDE.  Working with PPRP and MDE, conditions 
were designed to achieve two objectives:  1) to provide a reliable and economical source of electricity; and 2) to enhance Deep Creek 
Lake’s and the Youghiogheny River’s natural and recreational resources.

Lake Water Levels — Recreational lake users typically want minimal and consistent drawdown of the lake during summer, with a higher 
than historic level in the autumn to extend the boating season.  Historically, the power company lowered the water level in the fall and 
winter to prevent ice damage to the spillway.  To help evaluate possible alternative operating strategies, a computer model of historical 
lake inflow, storage, and electricity generation was developed.  The model was used to create monthly operating rules for the DCHS that 
balanced electricity generation with the maintenance of desirable lake water levels.

Downstream Fisheries — Naturally high water temperatures in the Youghiogheny River and low dissolved oxygen (DO) levels in the 
hydroelectric station’s discharge historically limited trout habitat.  The discharge from the hydroelectric station tends to be cooler than the 
river because it draws cooler water from the bottom of the lake.  PPRP developed a protocol for station operators that regulates the timing 
and volume of water discharges during periods of peak temperatures in the Youghiogheny River, such that downstream trout habitat is 
enhanced.  The protocol uses river flow and temperature changes, and available predictions of maximum air temperature and cloud cover 
for the region.  The goal is to maintain the river temperature below 25°C.  The plant owner also installed structures to aerate discharge 
water to alleviate the low DO problem.

Whitewater Recreation — The Youghiogheny River is an exceptional whitewater recreation resource that depends on releases from 
the DCHS for adequate flow volume in most summer months.  Whitewater boaters rely on timed and dependable releases from the 
hydroelectric facility to plan trips in advance.  Operation of the facility is scheduled around providing suitable flow for boating at fixed 
times on most Fridays, Saturdays, and Mondays during the whitewater recreation season (April 15 through October 15), except when lake 
levels are too low. 

Deep Creek Station’s water appropriations permit was renewed in 2007 for another 12-year period.  MDE, with assistance from PPRP, 
working with affected stakeholder groups, reviewed the permit conditions and made minor adjustments to the permit with the goal of 
continuing to promote optimal use of Deep Creek Lake and affected downstream natural resources.
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•	 Nontidal Wetlands; 
•	 Tidal Wetlands;
•	 Forest Conservation; and
•	 Threatened and Endangered Species.

Construction and operation of power generation and transmission facilities (i.e., power 
plants; pipelines for water, natural gas, and oil; electric transmission lines; roadways and 
railways) can have significant effects on terrestrial environments and wetlands.  Specifi-
cally, these facilities can:
•	 Physically change or eliminate existing habitats; 
•	 Disturb or displace wildlife; 
•	 Emit particulate matter or gases to the atmosphere that later deposit on the landscape; and 
•	 Release toxic material through permits or inadvertent spills. 

Construction of a new power generating facility may occur entirely within an existing 
developed area or it may require the clearing of a significant number of acres of natural 
habitat.  Transmission lines must also be maintained in an open or shrubby condition, 
contributing to detrimental fragmenting of the forest habitat through which the lines travel.   
Habitat alterations accompanying both construction and maintenance can permanently 
impact ecological character and function.  Air emissions from power plants can also signifi-
cantly impact terrestrial habitats through changes in soil chemistry as a result of acidic and 
nutrient deposition. 

PPRP’s role in the CPCN process is to facilitate compliance with these regulations and 
natural resource objectives.  The Waterways Construction, Water Quality and Water Pollu-
tion Control, and Erosion and Sediment Control laws require best management practices 
(BMPs) to eliminate or minimize disturbance in and discharges to Maryland waters.  These 
BMPs are uniformly included as conditions in a CPCN.  A CPCN also includes specific 
conditions to avoid, minimize, or mitigate adverse impacts to wetlands, forests, and species 
habitats.  Conditions placed on a CPCN that address natural resource impacts may be more 
stringent than individual statutes.

Wetlands

In the 1780s, Maryland had about 1,650,000 acres of nontidal wetlands (24.4 percent of the 
surface area); 220 years later, in 2009, Maryland has only about 345,000 acres of nontidal 
wetlands (4.8 percent of its surface area), a reduction of approximately 80 percent.  To 
address such losses, the State developed regulations under Maryland’s 1991 Nontidal Wet-
lands Protection Act, with the goal of no net loss of nontidal wetlands.  Similarly, the 1994 
Tidal Wetlands Regulations were developed to regulate activities in tidal wetlands.  Under 
Maryland’s nontidal wetlands regulations, permanent impacts to nontidal wetlands must 
be mitigated at various ratios depending on the type of wetlands affected.  For example, 
a ratio of 3:1 is applied to scrub/shrub and forested Wetlands of Special State Concern; 
a ratio of 2:1 is applied to other scrub/shrub and forested wetlands, and to herbaceous 
wetlands of special State concern; and a ratio of 1:1 is applied for emergent wetlands.  
Mitigation ratio requirements are similar for State tidal wetlands.  Temporary impacts and 
impacts to wetlands buffers do not usually have replacement mitigation requirements but 
may require compensatory or enhancement measures.  

The CPCN process includes assessing potential wetlands impacts and developing appro-
priate mitigation equal to or greater than those required by these regulations.  While 
wetlands are present at nearly all Maryland’s power facilities, impacts to these wetlands 
are rare.  Where especially valuable wetlands are present, the CPCN process can identify 
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special conditions to ensure their protection.  For example, the CPCN to construct the 
Kelson Ridge generating facility in Charles County included the following conditions to 
protect the Zekiah Swamp Natural Environmental Area, a Nontidal Wetland of Special 
State Concern:
•	 Preparation of a protection plan that ensures the wetland recharge rates to Piney Branch Bog 

are maintained at or below current conditions through the use of shallow infiltration beds and 
vegetated terraces; and

•	 Establishment of a permanent protection buffer with no vegetation clearing, earthworks, or other 
disturbances allowed within 300 feet of Piney Branch Bog. 

Forests

Similar to the wetland concerns, historical losses of Maryland’s forest resources prompted 
enactment of the 1991 Forest Conservation Act (FCA).  With the exception of projects 
located in heavily forested Allegany and Garrett Counties, all construction developments of 
greater than 40,000 square feet must comply with the FCA.  Under the FCA, existing forest 
condition and character became an integral part of the development planning process, 
including power plant and transmission line siting, across the State.  The 
FCA requires the applicant to submit both a Forest Stand Delineation 
defining the nature and character of the existing forest and a Forest Con-
servation Plan for protecting the most ecologically valuable areas of forest.  
Under the FCA, tree conservation, replanting, and other environmental 
parameters must be considered before any development disturbs forest 
resources.  

If the applicant demonstrates that clearing of forest will be minimized, 
an exemption from FCA requirements for rights-of-way and land for 
construction of electric generating facilities can be granted by the PSC.  To 
date, however, all CPCNs issued since the FCA was enacted have included 
conditions that ensure applicants comply with the FCA where applicable.  
The CPCN process also considers the quality of forest resources lost as 
conditions are developed.  For example, the CPCN to construct the Rock 
Springs generating facility in Cecil County included restoration conditions 
to compensate for values of mature forest lost and some of the nitrogen 
deposition caused by the facility’s emissions.  Specifically, the applicant 
was required to plant 50 acres of young trees to replace 20 acres of mature 
forest.  The reforestation was directed to riparian areas to increase the 
likelihood that deposited nitrogen would be intercepted before reaching 
Chesapeake Bay tributaries.

Threatened	and	Endangered	Species

Regardless of the kind of habitat involved, areas that support State-listed 
threatened and endangered flora and fauna are protected under the 
Maryland Threatened and Endangered Species regulations.  Table 3-4 
lists the number of protected species by taxonomic group that the CPCN 
process considers when evaluating potential adverse effects and develop-
ing protective conditions. 

Although few applications for power generating or transmission facili-
ties affect threatened and endangered species, individual cases have 
considered potential impacts to the bald eagle, tiger beetle, Delmarva 
fox squirrel, carpenter frog, purple pitcher plant, New Jersey rush, and 
winterberry.  Most recently, the proposed expansion of the Calvert Cliffs 

Table 3-4   Types of State-Listed 
Rare, Threatened, and 
Endangered Species 

Group
Number of  
listed species

Plants 841

Planarians 5

Mollusks 22

Crustaceans 27

Spiders 3

Insects/Collembola 1

Insects/Coleoptera 23

Insects/Diptera 1

Insects/Ephemeroptera 1

Insects/Homoptera 2

Insects/Lepidoptera-Butterflies 39

Insects/Lepidoptera-Moths 23

Insects/Odonata 109

Insects/Trichoptera 1

Fishes 27

Amphibians 11

Reptiles 15

Birds 78

Mammals 31
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Nuclear Power Plant required the removal of a bald eagle’s nest.  Although the bald eagle 
has been delisted by the U.S. Fish and Wildlife Service under the Endangered Species Act, 
it is still State-listed as threatened in Maryland (the bald eagle continues to receive federal 
protection under the Bald and Golden Eagle Protection Act and Migratory Bird Treaty Act).  
Thus, the project developer, UniStar Nuclear, was required to obtain a permit from Mary-
land DNR for “take,” or removal, of the nest.  Under the terms of the permit, the removal of 
the tree must occur outside of the nesting season when the nest is inactive.  As mitigation 
developed during the CPCN process, UniStar committed to protecting an area in the vicin-
ity of the project where bald eagles have historically nested successfully.  The CPCN issued 
for Calvert Cliffs Unit 3 also requires UniStar to maintain a buffer distance between any 
land disturbed during construction and the habitat of the federally endangered tiger beetle, 
which lives in the cliffsides near the Bay shoreline.  Two species of tiger beetle present at 
the Calvert Cliffs site are on both the federal threatened and State endangered lists.

Some projects, however, have the potential to cause significant adverse effects to several 
threatened or endangered species.  For example, the Roth Rock Windpower Project 
proposed by Synergics for western Maryland’s Backbone Mountain would have adversely 
affected a number of State threatened or endangered species.  The mourning warbler, a 
state-endangered breeding bird, is known from only a few sites in the state but has been 
recorded most reliably in the northern portion of the project area.  Species that rely on 
rocky habitats including the State-endangered Allegheny woodrat, southern rock vole, 
and small-footed bat, would likely have suffered severe impacts from construction in the 
southern portion of the project area.  To avoid impacts to these state-endangered and other 
species, DNR recommended two exclusion zones within the project area, in which no 
construction of wind turbines or access roads would occur.

Wildlife

The effects of wind power development on birds and bats have been studied since the late 
1980s in the United States and even earlier in Europe.  At that time, most of the attention 
brought upon wind power facilities was due to excessive fatalities to golden eagles and 
other raptors at the Altamont Pass Wind Farm located in California.  Since then, wind 
power facilities in all parts of the country have been investigated for impacts to birds and 
bats.  Most of these studies focused on direct fatalities to birds and bats that collide with 
turbines, but some also examined indirect effects of displacement of wildlife from areas 
that are developed.

Wind power facilities can impact birds and bats through the loss of habitat from the 
footprint of the constructed facilities.  Depending on the number of wind turbines, usually 
installed in linear arrays, facilities can occupy large areas on the landscape when the tur-
bines, service roads, and operations buildings are considered as a whole.  A much greater 
area is often needed during the project construction phase as the large towers and turbine 
blades require broad lay-down areas during assembly.  The loss of habitat can lead to the 
eradication or displacement of species in these areas.

All of the wind power facilities proposed for construction in Maryland have been in the 
predominantly forested habitats of Garrett and Allegany counties.  The forests of western 
Maryland are considered to be a southern extension of the northern hardwood forests that 
extend more broadly to the north, and historically included pure stands of white pine, 
eastern hemlock, and red spruce.  At present, however, logging, coal mining, and home 
construction have fragmented much of these forests.  Where contiguous forest exists, wind 
power development could increase fragmentation.  Fragmentation affects birds and bats as 
well as other terrestrial species through direct loss of forested habitat, the encroachment of 
species that can have direct (e.g., brown-headed cowbirds that parasitize songbird nests) 
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or indirect (e.g., raccoons that can be disease vectors for rare mammals) detrimental effects, 
the potential disruption of corridors for daily movement or seasonal migration, and the 
failure of the resident species to adapt to the wind power facility. 

In Maryland, land-based wind power facilities of less than 70 MW of generating capac-
ity can apply for exemption with the PSC from having to obtain a CPCN.  Although this 
exempts developers from the coordinated PPRP environmental review, they must still 
comply with all environmental laws and regulations.  To date, two projects have been 
granted exemptions and a third is under consideration before the PSC.  All three of these 
projects are located on mountain ridges that historically have been densely forested.  More 
recently, greater concern has been given to bats, especially to those in the eastern states, 
where high levels of fatality have been reported at wind power facilities constructed on 
forested mountain ridge tops. 

Wind turbines can kill birds and bats that collide with them, or as recent research has 
shown, cause their deaths through barotrauma, that is a fatal hemorrhaging of the lungs 
of bats from the rapid change in air pressure near the spinning turbine blade.  After more 
than a decade of study at a number of wind power facilities in the U.S. and abroad, there 
is evidence that the numbers of bird fatalities are small at most locations.  Per turbine, two 
to three birds are killed annually on average.  Studies at facilities constructed on eastern 
Appalachian ridges in West Virginia and Pennsylvania report similar rates of bird fatality.  
In contrast, the numbers of bats killed at these regional facilities are among the highest ever 
reported, and annual estimates range into the thousands for each project.  It is currently 
believed that most of the bat fatalities occur during the late summer to fall migration 
period as bats move to their over-wintering habitat. 

The cumulative impact of bird fatalities, at present, is not considered to be severe for any 
one species, as no single species appears to be disproportionately affected.  In addition, 
operational (e.g., lighting that can attract birds) and design (e.g., guyed structures) circum-
stances that can contribute to higher fatalities are better understood and new wind power 
facilities are constructed with reduced lighting and no guy wires to minimize impacts.  
Birds considered most at risk are songbirds that migrate nocturnally.  High fatality events 
for these species often coincide with nights that have a low cloud cover resulting in birds 
flying closer to ground level.  Although the Migratory Bird Treaty Act prohibits the “take” 
of any birds, the U.S. Fish and Wildlife Service, in practice, only requires that good faith 
efforts be employed to avoid fatalities.

The cumulative impact to bat species is of greater concern.  The high level of recorded bat 
fatalities has been distributed among only a few species, predominantly red and hoary 
bats.  These two species undertake long distance seasonal migrations and typically roost 
in trees, whereas most other species have shorter seasonal movements to and from caves 
in which they over-winter.  While the specific population characteristics of these species 
are uncertain, they are relatively long-lived and they produce few offspring annually, both 
characteristics that make them less able to sustain a high level of fatalities.  Recent PPRP-
funded studies of bat activity in western Maryland have recorded high numbers of these 
two species during spring monitoring.

Wind turbines have killed several other species of bats, but so far none have been identified 
as a threatened or endangered species.  Western Maryland provides year-round habitat 
to the federally endangered Indiana bat, and the State-listed as In Need of Conservation 
small-footed bat.  Most records of these two species come from winter cave surveys when 
the bats are hibernating.  Much less is known of their habits during the flying season as 
they disperse throughout the landscape; however, a recent radio-tracking study followed a 
single female Indiana bat from a Pennsylvania cave to Carroll County, Maryland.  The sea-
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sonal and daily activity patterns of these rare species must be investigated further before 
concerns about the risks posed by proposed wind turbines can be adequately addressed 
and mitigation activities defined.  

Due to the urgency of the need to address the issue of wind power impacts to birds and 
bats, the Maryland General Assembly required that the PSC establish a technical advisory 
group (TAG) to develop siting guidelines that would seek to minimize the risk to birds 
and bats.  The TAG produced Siting Guidelines to Mitigate Avian and Bat Risks from Wind 
Power Projects, which addressed five aspects related to wind power development:
1. Standards that will avoid or minimize impacts on birds and bats from the construction and 

operation of wind-energy generating facilities.  
2. A tiered system of standards that vary with the size of the wind-energy generating facility and 

the associated generating capacity. 
3. Assessments of avian and bat populations before issuance of a CPCN.  
4. Additional monitoring studies of avian and bat populations and behavior during and after 

construction of a wind project.  
5. Mitigation appropriate to address any impact on avian and bat populations above a threshold 

level. 

In support of the siting guidelines, PPRP has developed monitoring protocols for birds 
and bats during pre- and post-construction phases.  Pre-construction monitoring protocols 
for birds include a breeding bird survey and Phase 1 Avian Risk Assessment. Monitoring 
protocols for bats include using ultrasonic acoustic detector to measure bat activity and 
some field captures using mist-netting to establish the presence/absence of endangered or 
threatened species (i.e., Indiana bat, small-footed bat).  Additionally for bats, the project site 
should be evaluated for habitat suitability.  Post-construction monitoring protocols include 
a study of bird and bat fatalities over a period of three years.

3.1.4	 Socioeconomics	and	Land	Use	Issues
Cultural	and	Archeological	Resources

Maryland has an extensive archeological and historical record as a result of over 12,000 
years of human habitation.  In recognition of this, programmatic protections have been 
established at the state, regional and local levels to both support and enhance federal 
protection and preservation initiatives that have been guided since 1966 by the National 
Historic Preservation Act.

The Maryland Historical Trust (MHT) is the primary State unit for identifying, studying, 
evaluating, preserving, protecting, and interpreting the state’s significant prehistoric and 
historic districts, sites, structures, cultural landscapes, heritage areas, cultural objects, and 
artifacts, as well as less tangible human and community traditions.  Formed in 1961, MHT 
operates within the Division of Historical and Cultural Programs, which is an agency of 
the Maryland Department of Planning.  Maryland’s State Historic Preservation Officer, 
appointed by the Governor pursuant to the National Historic Preservation Act of 1966, is 
a member of MHT’s staff.  Also within the Division of Historical and Cultural Programs is 
the Maryland Heritage Areas Authority, which oversees the State’s Heritage Preservation 
and Tourism Areas legislation.  The Heritage Area Authority is designed to promote historic 
preservation and areas of natural beauty in order to stimulate economic development 
through tourism.

Regional and local historic preservation organizations exist throughout Maryland, with 
activities ranging from the administration of Certified Heritage Areas (CHAs) to the 
restoration and preservation of historic properties.
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State assessment of the effects of power plant construction and operation on cultural 
resources is codified under Maryland State law (Article 83B, 5-617 & 5-618 of the Anno-
tated Code of Maryland).  The Code requires state agencies to consider the effects of their 
undertakings on properties included in or eligible for inclusion in the National Register of 
Historic Places and the Maryland Register of Historic Properties, and to consult with MHT 
prior to final action by the agency on a request for a permit, license, or financial assistance.  
Furthermore, CHAs are programmatically supported by State agencies.  Specifically, when 
carrying out activities in a CHA, a State agency must:
• Consult, cooperate, and, to the maximum extent feasible, coordinate their activities with the 

entity responsible for the management of each CHA;
• Ensure that the activities are consistent with the CHA’s management plan; and 
• Ensure that activities will not have an adverse effect on the resources of the heritage area unless 

there is no prudent and feasible alternative.

Energy facilities can have an adverse effect upon a cultural resource through physical 
disturbance or by altering its setting or association.  In general, if a resource is determined 
to be culturally significant, the most desirable treatment from a project’s adverse effects is 
to avoid the resource, or to otherwise minimize and mitigate the adverse effect.  However, 
more innovative treatments are needed when adverse effects include the destruction of 
significant archeological or historical properties.

Such is the case in PPRP’s environmental review of UniStar’s proposed Calvert Cliffs 
Unit 3.  Phase II fieldwork on identified archeological sites within the project boundary 
determine one site to be eligible for listing on the National Register of Historic Places 
(NRHP) – a domestic African-American habitation site dating to the 19th century.  PPRP 
recommended that UniStar avoid the site or, if avoidance is not feasible, mitigate adverse 
effects through Phase III data recovery excavations.  As for historic resources, UniStar's 
impact assessment found that three of the four on-site resources that were recommended 
as NRHP-eligible would be adversely affected by project construction.  The State agencies 
recommended in the CPCN licensing conditions innovative treatments that will comprise 
much of the mitigation of adverse effects.  This was accomplished through a negotiated 
Memorandum of Agreement (MOA) between the NRC, MHT, UniStar and other interested 
parties. 

Adverse effects from construction and operation of Calvert Cliffs Unit 3 upon historical 
and archaeological resources would be confined largely within the project boundaries and 
buffered by a heavily forested perimeter.  As a result, the State concluded that the project 
would not significantly affect other existing or emerging state- or locally-designated 
cultural components in the lower Patuxent peninsula, including the Southern Maryland 
Heritage Area, since the cultural landscape would be fundamentally unchanged.

Visual	Impacts

Construction of energy generation facilities invariably changes the character and quality of 
a landscape.  In Maryland, because landscapes are important components of its Heritage 
Area, Greenprint, Rural Legacy and other public and private land conservation programs, 
the overall impact of energy facility on visual amenity is of concern during the State's 
environmental reviews.

Visual impacts comprise the changes in available views of the landscape and the effect of 
those changes on people.  Visual impact is dependent on a number of factors, including the 
visual scale and scope of a landscape alteration, the elements and patterns that combine 
to form the character and distinctiveness of a landscape, and the availability of views of a 
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particular landscape.  While visual scale and scope of a landscape alteration and availability 
of views of a landscape are tangible concepts, defining a landscape in terms of its character 
and distinctiveness is more subjective.  Basic design elements of form, line, color, and 
texture are often used to describe and evaluate landscapes.  The Bureau of Land Manage-
ment’s (BLM) Visual Resource Management (VRM) system (http://www.blm.gov/nstc/
VRM/index.html) uses these elements to construct a visual resource contrast rating for 
determining whether the potential visual impacts from proposed developments will meet 
the management objectives established for the area, or whether mitigation will be required.  
VRM was designed to ensure that the scenic values of public lands and outstanding scenic 
landscapes are considered before uses are permitted that may have negative visual impacts.  
Similarly, PPRP’s visual assessment goal is to ensure that available views of the landscape 
around energy projects are considered, and mitigation is prescribed, if adverse visual 
impacts are predicted.  Recent environmental reviews illustrate this approach.

In Charles County, CPV Maryland proposed to construct a nominally rated 640 MW 
generating facility in the Piney Ridge Business Park.  The facility would have a relatively 
low profile, with prominent structures comprising the heat recovery steam generators and 
air-cooled condensers, which could be as high as 112 feet, and exhaust stacks, which would 
be 150 feet tall.  An auxiliary boiler stack would be 125 feet tall.  Located within an industri-
al park, the existing landscape was characterized by surrounding industrial facilities and a 
Pepco transmission line adjacent to the western boundary of the site.  Views toward the site 
from nearby residential and recreation areas would be screened by vegetation and partially 
obstructed by the Pepco transmission line.  Views of the power plant would be prominent 
only from passing vehicles due to the proximity of the facility to Billingsley Road.  The 
State agencies concluded that given the relatively low profile of the facility, a weak contrast 
the facility would add to other elements of the landscape within the industrial park, and 
limited or obstructed views toward the power plant, mitigation should be limited to 
compliance with setbacks and buffer requirements annotated in the Charles County Zoning 
Ordinance to conceal the facility from traffic on Billingsley Road.

Visual impact assessment for Calvert Cliffs Unit 3 and SMECO’s proposed Holland Cliff to 
Hewitt Road transmission line considered both the existing landscapes of Calvert County 
and several county, State and federal programmatic elements that identify landscape as an 
integral component.  

Calvert County has acted to preserve its heritage through its comprehensive planning 
process and in its participation with regional, State, and federal programs.  The Compre-
hensive Plan identifies open spaces and greenways, primarily along the county’s shoreline 
on the Patuxent River and Chesapeake Bay.  Eco-tourism and resource-based recreation 
have become the basis for its tourism program.  The Southern Maryland Heritage Area 
Tourism Management Plan is a major blueprint for highlighting the region’s cultural 
heritage, with all or parts of four heritage clusters in Calvert County.  Southern Maryland 
Heritage Driving Tours and Southern Maryland Bicycle Routes are thematic tours of 
interpretive sites, museums, and festivals.  Among State programs, Maryland’s Greenways 
and Water Trails Program identifies eight greenways in Calvert County.  At the federal 
level, Congress established the Captain John Smith Chesapeake National Historic Trail, the 
first water trail in the United States.  The trail encompasses the routes of John Smith’s two 
voyages around the Chesapeake Bay in 1608, and includes gateways and public access sites 
in Calvert County.  The Star-Spangled Banner National Historic Trail commemorates the 
Chesapeake Campaign of the War of 1812 and includes several interpretive sites in Calvert 
County.  Calvert County is also a stop on the National Underground Railroad Network to 
Freedom and is on the Maryland Women’s Heritage Trail.  
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Due to its location within the heavily wooded parcel, relatively low profile and plume 
abated cooling tower, the State agencies concluded that Calvert Cliffs Unit 3 would not be 
visible from land, even when there is loss of foliage during winter.  As a result, the views of 
the landscape in the context of most heritage, recreation and other programmatic elements 
in Calvert County would be unchanged.  Looking landward from the Chesapeake Bay, 
the new intake and discharge structures and tops of the containment building and cool-
ing tower would be visible, although view change would be marginal.  Nevertheless, the 
State agencies concluded that the project could have an adverse effect upon the Captain 
John Smith Chesapeake National Historic Trail by creating additional visual elements that 
contrast with the trail’s potential for public recreational use and historical interpretation 
and, as a result, recommended additional consultations with the National Park Service 
(NPS) are necessary during the federal licensing process to ensure that the project’s effects 
on the trail are understood and mitigated to the extent possible.

Transportation
Electricity generation and transmission differentially impact Maryland’s transportation 
infrastructure.  Construction of generation facilities can congest local roads with construc-
tion worker traffic and trucks hauling materials to the project site.  Depending on the 
generation technology, these impacts can be significant and persistent.  Transmission line 
construction, on the other hand, is less labor intensive and requires fewer materials inputs.  
As a result, transportation issues associated with transmission line construction are usually 
limited to oversize/overweight load considerations and temporary road closures during 
the stringing of overhead conductors or trenching for underground cable installation.  

To illustrate, construction traffic was a major concern in the State’s environmental review of 
Calvert Cliffs Unit 3.  Calvert County would see an increase in traffic on major roads lead-
ing to the construction site, particularly during the peak construction period when nearly 
4,000 construction workers are on-site.  Local traffic congestion was predicted during shift 
changes at intersections near Calvert Cliffs, which would cause periodic delays.  Because of 
this, the Maryland State Highway Administration (SHA) requested a detailed Transporta-
tion Management Plan from the project developer.

Mitigation was required because projected morning peak turning movements from 
construction worker traffic would interfere with through traffic at the entrance to the con-
struction site, causing delays and compromising traffic safety.  Even so, mitigation initially 
proposed by the project developer was determined to be unacceptable due to engineering 
and safety considerations.  With an expedited construction schedule and several issues 
still unresolved, the State agencies conditioned its recommendations on the execution of a 
Memorandum of Agreement between UniStar Nuclear and SHA for the planning, engi-
neering and construction of roadway improvements for the mitigation of traffic impacts, 
with all improvements to be substantially in place and completed before one thousand 
construction workers are on-site.

Other transportation modes that are integral to many of Maryland’s generation facilities 
are rail and barge.  Rail has traditionally been a primary carrier of coal to baseload facili-
ties in the State.  More recently, several energy producers have been granted licenses to 
construct or expand barge unloading facilities, both to import coal and limestone and to 
export synthetic gypsum.  The latter a consequence of pollution control technology to 
satisfy the requirements of Maryland’s HAA.  Where barge facilities have been proposed, 
rail is usually a backup.

The State's socioeconomic reviews of proposed barge unloading facilities have generally 
considered the impacts of increased barge traffic on existing commercial and recreational 
marine traffic, including potential effects on commercial fisheries.  For Mirant’s proposed 
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barge facility at Morgantown, impacts to U.S. Navy operations within the Potomac River 
Test Range were also considered.  Another transportation-related concern associated with 
the Morgantown barge unloader was traffic between Morgantown and the Chalk Point 
generating station.  Morgantown would be the primary source of coal and limestone for 
Chalk Point, and the destination for gypsum by-product from Chalk Point, thus increasing 
rail traffic between the two facilities.  Trucks were proposed as alternate transport in the 
event of a disruption in rail service.  PPRP’s concerns about the impacts of truck traffic on 
roads between Morgantown and Chalk Point resulted in a number of licensing conditions 
that restricted the use of trucks to emergency situations for only a limited period of time, 
and only after consultation with State and local authorities.  Consultation would also 
include designation of a truck route between the two facilities.

Land	Use

Land use and land value issues continue to be a major focus of the State's environmental 
reviews.  Maryland’s energy infrastructure overlays economic and programmatic land 
uses, where compatibility is often of issue.  Most new generation facilities in Maryland 
have avoided land pre-emption – the taking of land from another use – by locating 
themselves within existing sites dedicated to power generation or within industrial parks 
or districts.  Indeed, several of the State’s environmental reviews over the past two years 
have assessed the impacts of major modifications to existing facilities, which have no 
pre-emptive effect upon land use.  This does not imply that indirect land use impacts are 
necessarily negligible.  Construction, expansion or modification of generation facilities can 
affect the setting or association of nearby land uses that may be manifested in changes to 
their resource or economic value.  As a result, the State’s assessments of land use impacts 
from the construction and operation of generation facilities are broadly based, encompass-
ing cultural, aesthetic, resource and economic values of the land.

This requires a complete inventory of land use designations in the area of potential effect, 
from formal zoning to the many State, local and federal programs that place various 
protections and restrictions on land use.  Protected lands can include agricultural or 
environmental easements, public lands or even cultural designations that have a distinct 
locational component.  An example of the latter is the Maryland Heritage Areas program 
that overlays a thematic element upon distinct geographic areas.  

The adverse effect of power plants on residential property values is an issue that has been 
increasingly raised in permitting cases in Maryland.  Although a considerable amount of 
research has been done to examine hazardous facilities, very little has been done in associ-
ating conventional generating facilities, high voltage transmission lines, and new technolo-
gies, such as wind farms, to property values.  As a result, residential property value impact 
estimates have lacked the credibility needed to influence public policy decisions related to 
the siting of energy facilities.

Residential property value is dependent on many factors including the size and amenities 
of the property itself, improvements made to the property, and the perceived value of the 
surrounding neighborhood.  Previous research has suggested that distance to “environ-
mental disamenities” is a contributing factor in adversely affecting property value.  Prop-
erty value declines have been more consistently observed in residential properties that are 
near higher-risk disamenities (e.g. hazardous waste facilities) or facilities that lack adequate 
land or vegetation buffers.  Because risk is not strongly associated with most types of 
power plants, their influence on residential property values has been largely ignored.

Although heightened risk is generally associated with nuclear power plants, PPRP found 
little evidence that Calvert Cliffs Unit 3 would significantly affect property values in 
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Calvert County.  As part of a general investigation of property value impacts due to power 
plants and industrial facilities in Maryland that PPRP conducted, several hedonic models 
were run using data from the MD Property View 2003 edition.  The analysis took into 
account structural and environmental attributes of owner-occupied residential properties.  
Using multiple regression, the models took the distance from each property to the reactor 
building at Calvert Cliffs, and estimated to what extent that distance affected the assessed 
value of that property.  

The general conclusion was that values of properties near Calvert Cliffs are influenced 
by factors aside from their distance to the power plant.  In other words, the data failed 
to reveal a correlation between distance to the reactor building and residential property 
values.  This may be partly attributable to the influence of waterfront amenities on property 
values, but may also be associated with the extent to which the nuclear plant at Calvert 
Cliffs is buffered from residential land uses.

As a consideration in its environmental reviews, PPRP is continuing its focus on property 
value effects from electric transmission and transmission facilities through both ongoing 
reviews of published literature and sponsored research.  Improved statistical methods and 
continued data mining of MD Property View data is expected to yield additional insight 
into land value impacts from electric generation and transmission facilities.

Noise

Noise consists of vibrations in the air that gradually decrease, or attenuate, the farther they 
travel.  For people who live or work near a power plant, the noise impacts, along with 
visual and traffic impacts can be the most significant type of effect caused by the facility. 

Noise, measured in decibels (dB), is made up of many components of different frequency 
(pitch) and loudness.  Three decibels is approximately the smallest change in sound inten-
sity that can be detected by the human ear.  An additional 10 units on the decibel scale is 
perceived subjectively as a doubling of the loudness.  Ranges of typical A-weighted sound 
levels for various common sounds are shown in Figure 3-16.  

The sensitivity of the human ear varies according to the frequency of sound; consequently, 
a weighted noise scale is used when discussing noise impacts.  This A-weighted decibel 
(dBA) scale weights the various components of noise based on the response of the human 
ear.  For example, the ear perceives middle frequencies better than low or high frequencies; 
therefore, noise composed predominantly of the middle frequencies is assigned a higher 
loudness value on the dBA scale. 

The State of Maryland has adopted noise pollution standards, found in COMAR 26.02.03, 
which are adopted from the draft federal standards on noise.  The State regulations provide 
certain exemptions for specified noise sources and noise generating activities.  For example, 

Figure 3-16  Ranges of Typical Sound Levels for Common Sounds
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the regulations allow for construction activity to generate noise levels up to 90 dBA during 
daytime hours, but the nighttime standard may not be exceeded during construction.  
Table 3-5 lists the maximum allowable noise levels specified in the State regulations, by 
zoning designation and time of day.  Some counties and municipalities in Maryland have 
their own noise limits, including Montgomery County, Charles County, and Baltimore City. 

As sound waves radiate outward from a noise source, they lose intensity; thus, the sound 
decreases with distance.  Ensuring adequate buffer distances is an effective method of 
controlling noise impacts.  Structures such as berms and walls may also be constructed to 
provide noise control, and have been used in transportation applications for many years.  
Vegetative buffers may be used in conjunction with such structures for additional noise 
abatement.

In cases where developers propose new generating units on 
small sites — where the nearest residents may be less than a 
half-mile away — noise impacts to surrounding communi-
ties can be a serious concern.  Modeling noise sources and 
nearest receptors is part of the review of impacts that both 
the applicant and PPRP conduct in order to assess the noise 
impacts of proposed facilities.  When calculations suggest that 
the applicable noise limits are likely to be exceeded, measures to 
meet the allowable levels are recommended and incorporated 
into the CPCN.  If the noise analysis conducted during the 
licensing review is based on a number of assumptions, and 
there is uncertainty surrounding the potential for noise-related 
concerns, PPRP typically recommends that the applicant submit 

an updated analysis after the specific equipment to be installed has been selected.  Further-
more, post-construction monitoring can be performed to verify the noise estimates, once a 
facility begins operation.

With the increasing interest in renewable energy sources, new generating technology is 
being developed for which there may be little quantitative information available regarding 
noise characteristics.  Landfill gas and wind power projects are just two examples that have 
different noise characteristics than conventional power plants. 

In September 2007, PPRP conducted monitoring to obtain more specific information about 
the noise characteristics of landfill gas generators.  These measurements helped PPRP 
evaluate its current method for predicting noise impacts from proposed generating units.  
Day and night noise levels were recorded at two landfill gas generators in Maryland and 
compared to the predictions made during the licensing evaluating of those units.  The noise 
measurements revealed that the predictive techniques used by PPRP are very conservative. 

Trucks, backup alarms, and traffic noise were audible at residential receptors near the East-
ern Landfill in Baltimore County, although these noise sources are not associated with the 
operation of the landfill gas generator.  Even with the presence of other onsite operations 
and road traffic, the measured noise levels were well below the State’s nighttime noise limit 
of 55 dBA.  The same circumstances held true at the Brown Station Road landfill in Prince 
George’s County.  During the day the primary audible noise source was road traffic travel-
ing on Brown Station Road.  Noise from the landfill gas generator was not audible over 
the traffic noise on Brown Station Road, and was just barely audible above the background 
during infrequent lulls in the traffic.  The noise levels at the residential receptors during the 
evening hours were dominated by cricket/insect noise. 

Table 3-5  Maximum Allowable Noise 
Levels (dBA) for Receiving 
Land Use Categories

  

Zoning Designation

Industrial Commercial Residential

Day 75 67 65

Night 75 62 55
 

Source:  COMAR 26.02.03 
Note:  Day refers to the hours between 7 AM and 10 PM;  
night refers to the hours between 10 PM and 7 AM. 
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There are presently no operational wind turbines in the state where we could make direct 
noise measurements.  Those wind power sites that have been approved have sufficient 
buffer distances from residences that noise is not expected to be an issue.  However, noise 
concerns have been an issue at other communities outside Maryland that are in close prox-
imity to operating wind turbines.  After the first large-scale wind project is brought on line, 
PPRP expects to do additional monitoring to gather confirmatory data on the magnitude 
and characteristics of wind turbine noise.

3.1.5	 Radiological	Issues
Production of nuclear power in the United States is licensed, monitored, and regulated by 
the NRC.  Provisions in the operating licenses of each plant allow utilities to discharge very 
low levels of radioactive material to the environment.  The kind and quantity of releases are 
strictly regulated and must fall within limits defined in federal law as protective of human 
health and the environment.  The NRC regulates releases from power plants according to 
the principle that the exposure of the environment and humans to radiation be kept “as 
low as reasonably achievable.” 

Pathways of exposure to radioactive material in the environment are similar to those for 
other pollutants.  An aqueous (water) pathway dose can be received internally or externally 
by ingesting contaminated water and seafood, or by exposure to contaminated sediments 
and water.  An atmospheric pathway dose can result from exposure to or inhalation of 
radioactive gas or airborne particles, or ingestion of radionuclides deposited on or assimi-
lated by terrestrial vegetation and animals. 

Nuclear power plants are minor contributors to radiation exposure in the United States.  
As Figure 3-17 illustrates, natural radiation sources account for nearly 50 percent of the 
average radiation dose to human beings.  Of the remain-
ing approximately 50 percent of the radiation dose to 
human beings arising from man-made sources, less than 
0.05 percent is attributed to commercial nuclear power 
production. 

Figure 3-18 shows the locations of nuclear power plants in 
and near Maryland.  Calvert Cliffs Nuclear Power Plant, 
in Calvert County, is the only nuclear power station in 
the state.  The next closest plant, Peach Bottom Atomic 
Power Station, is on the Susquehanna River just north of 
the Pennsylvania/Maryland border.  Both these facilities 
release very low levels of radionuclides into Maryland’s 
environment.  Because of the potential, direct impact of 
releases from these two plants on Maryland’s natural 
resources, PPRP conducts monitoring in the vicinity of 
Calvert Cliffs and Peach Bottom (Table 3-6).  Constella-
tion and Exelon also conduct environmental monitoring 
programs near Calvert Cliffs and Peach Bottom, respec-
tively.  These monitoring programs are used to assess the 
radiological effects on the environment attributable to 
each of the power plants.  PPRP publishes its environmen-
tal assessments biennially.2

2 Environmental Radionuclide Concentrations in the Vicinity of the Calvert Cliffs Nuclear Power 
Plant and the Peach Bottom Atomic Power Station:  2004-2005.  PPRP-R-30

Figure 3-17 Estimated Effective Radiation 
Dose from Natural and Man-Made Sources

Note:  Other background includes cosmic radiation, terrestrial 
radiation, and naturally occurring radionuclides deposited in the 
body through ingestion of food, water, and milk and by inhalation.
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Figure 3-18  Nuclear Power Plants  
In and Around Maryland

Hope Creek
Salem

Three Mile Island

Peach
Bottom

Limerick

North Anna

Calvert Cliffs

Susquehanna

V I R G I N I A

P E N N S Y LVA N I A

N E W

J E R S E Y

D
E

L
A

W
A

R
E

M A R Y L A N D

Table 3-6 Nuclear Power Plant Environmental Monitoring Elements

Matrix No. Stations Locations Analytes Collection Frequency
1. Air Filter 8 Calvert Co., Baltimore,  Cecil Co., Harford Co., 

Eastern Shore
a, b, 7Be, 137Cs continuous (exchanged weekly)

2. Charcoal Filter 8 Calvert Co., Baltimore,  Cecil Co., Harford Co., 
Eastern Shore

131I continuous (exchanged weekly)

3. Potable Water 7

1

1

1

Calvert Co.

Baltimore City

Patuxent River

Potomac River

a, b, 3H quarterly

monthly

quarterly

quarterly
4. Raw Water 1

1

Patuxent River

Potomac River

a, b, 3H monthly

monthly
5. Precipitation 1 Baltimore City a, b, 3H, 7Be weekly
6. Raw Milk 1

1

St. Mary's Co.

Cecil Co.

89Sr, 90Sr, 131I, 140Ba, 137Cs, 
40K

quarterly (beginning in 2009)

7. Sediment 28 Chesapeake Bay (near CCNPP) g quarterly
8. Tray Oysters 2 Chesapeake Bay g quarterly
9. Sediment 19 Chesapeake Bay & Susquehanna River (near 

PBAPS)
g semi-annually

10. Finfish 1 Susquehanna River g semi-annually
11. Submerged Aquatic 
Vegetation (SAV)

3 Chesapeake Bay & Susquehanna River g semi-annually
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Calvert	Cliffs	Nuclear	Power	Plant

Constellation Generation Group owns and operates the Calvert Cliffs 
facility, on the western shoreline of the Chesapeake Bay.  Each of 
the two units are pressurized water reactors with a total generating 
capacity of approximately 830 MW.  The units began service in May 
1975 and April 1977. 

As noted above, Calvert Cliffs routinely releases small levels of gas-
eous, particulate, and liquid radioactive material into the atmosphere 
and the Chesapeake Bay.  The level of radioactivity of these materials 
at any given time depends on many factors, including plant operating 
conditions and conditions of the nuclear fuel.  Releases of radioactiv-
ity to the environment from Calvert Cliffs have been well within 
the regulatory limits since the beginning of its operation.  PPRP has 
monitored radionuclide levels in the Chesapeake Bay and environ-
ment surrounding Calvert Cliffs since 1975.

Radioactive noble gases, primarily isotopes of xenon and krypton, 
constitute most of the radioactive material released to the atmosphere 
from Calvert Cliffs.  Noble gases are chemically inert, are not readily 
incorporated into biological tissues, and are not bioconcentrated.  
They are readily dispersed in the atmosphere, and most have short 
half-lives, thus, decaying rapidly to stable forms.  For these reasons, 
the noble gases do not represent a threat to human or ecological health.  
The most recently compiled results (for the years 2006 and 2007) from 
weekly air and annual vegetation monitoring conducted by Constel-
lation Generation Group and independently by PPRP indicate that 
releases of radioactivity to the atmosphere by the Calvert Cliffs plant 
were not detectable in air, precipitation, or vegetation. 

Although atmospheric releases consist mainly of radioactive noble 
gases, which have little environmental significance, aqueous dis-
charges contain radionuclides that can be accumulated by biota or 
become trapped in sediments at the bottom of the Bay.  Over time, 
these radionuclides may potentially contribute to a radiation dose 
to humans by being transported through the food chain.  For the 
Calvert Cliffs plant, the principal environmentally active radionuclides in 2006 and 2007 
were primarily forms of radioactive iron, cobalt, iodine, and tellurium.  Historically, the 
quantities of principal environmentally active radionuclides released from Calvert Cliffs 
and subsequently detected in Bay sediments have been quite small (approximately one 
percent, or less, of all radioactivity detected in sediments, which includes historic nuclear 
weapons testing fallout and naturally occurring radionuclides).  Total principal environ-
mentally active radionuclide releases have declined over the past two decades due to 
improvements in coolant water filtration technology.  The monitoring program will con-
tinue throughout the licensed operating lifetime of Units 1 and 2 as well as the proposed 
Calvert Cliffs Unit 3, should that additional reactor be constructed.  Monitoring by PPRP 
is conducted to satisfy NRC requirements to verify that any releases from normal plant 
operations result in potential doses to humans below regulatory limits.  The monitoring 
also meets State of Maryland requirements to research the environmental effects of electric 
power generation, maintain State of Maryland oversight of environmental monitoring, 
and to quantify the environmental impact, if any, of the new reactor at Calvert Cliffs.  

Calvert Cliffs Unit 3

UniStar Nuclear has submitted an application to the NRC 
for constructing Unit 3, a new 1,600 MW nuclear reactor 
unit on the same power plant site, just south of the two 
existing units.  The reactor would be one of the largest single 
unit reactors in the world, and its addition to the existing 
site would nearly double the site generating capacity.  
Unit 3 would use a cooling tower (pictured at the top of 
the artist's rendering above), reducing water withdrawal 
impacts to the Bay.  The proposal of a new nuclear facility 
in Maryland brings with it siting, environmental, health, and 
community issues that are being addressed as part of the 
licensing processes overseen both at the federal level by the 
NRC and at the State level by the Maryland PSC.  Federal 
licensing will include technology selection, safety, and waste 
disposal.  The State has an opportunity to comment on the 
federal licensing process as a participant in the case.  The 
PSC review is separate from NRC licensing and serves an 
important role in addressing issues specific to Maryland.  As 
with any proposed power plant, PPRP conducted an envi-
ronmental review of the non-nuclear issues and provided a 
consolidated set of recommendations to protect the interests 
of the State.  PPRP will also be the lead state agency for NRC 
review of Calvert Cliffs Unit 3. Calvert Cliffs Unit 3 received 
its CPCN on May 29, 2009.  The NRC is expected to issue 
a draft Environmental Impact Statement in Spring 2010.  If 
granted approval, UniStar intends to begin construction in 
2010, with an on-line date sometime in 2016.
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Bay oysters are ideal indicators of environmental radionuclide concentrations because they 
do not move and readily ingest and concentrate metals.  Oysters have been historically 
commercially harvested near Calvert Cliffs, and have the greatest potential for contributing 
to a human radiation dose through seafood consumption.  PPRP has monitored the uptake 
of radionuclides in test oysters placed seasonally on platforms on the Bay floor in the 
vicinity of the Calvert Cliffs discharge since 1996.  The oysters are collected at scheduled 
time intervals and analyzed for radionuclide content in their tissues.  Radiosilver (110mAg) 
has historically been the principal plant-related radionuclide accumulated by test oysters 
and oysters on natural beds.  Since the fourth quarter of 2001, concentrations of 110mAg in 
oysters have fallen below analytical detection limits.  The lack of 110mAg detection reflects a 
recent downward trend in 110mAg releases, as well as other principal environmentally active 
radionuclide releases, from Calvert Cliffs.

As part of its assessment program, PPRP estimates doses of radiation to individuals 
consuming seafood.  The doses are calculated based on maximum or worst-case estimates of 
the amount of plant-related radioactive material potentially available in the seafood.  Results 
indicate that radiation doses attributable to operations at Calvert Cliffs are well below feder-
ally mandated limits (see Table 3-7). 

Chesapeake Bay sediments are also useful indicators of environmental radionuclide 
concentrations because they serve as natural sinks for both stable and radioactive metals.  
PPRP collects sediment samples seasonally from eight transects extending bayward north 
and south of the Calvert Cliffs plant.  There were no plant-related radionuclides detected in 
Bay sediments during the 2006-2007 reporting period (see Figure 3-19). 

Results of analyses of environmental samples collected in the vicinity of Calvert Cliffs can 
be found in the periodic environmental reports described above.  A comparison of radio-

Table 3-7 Estimated Maximum Radiation Dose (mrem) Attributable to Calvert Cliffs 
and Peach Bottom

Exposure Route Maximum Dose Estimate (2006)
Maximum Dose 
Estimate (2007)

EPA Regulatory Limit 
(40CFR190 Subpart B)

NRC Regulatory Limit 
(10CFR50 Appendix I)

Ingestion (mrem)

Oyster ingestion, whole body 
dose (from CCNPP) < 0.011 (child)b 25 3

Oyster ingestion, other organ 
dose (from  CCNPP) < 0.057 (adult gastro-intestinal tract)b 25 10

Finfish ingestion, whole body 
dose (from PBAPS) 0.006 maximum (adult)b 25 3

Finfish ingestion, other organ 
dose (from PBAPS) 0.010 maximum (teen liver)b 25 10

Inhalation (mrem)

Whole body dose (gaseous, 
from CCNPP) 0.0022 (child)a 0.0013 (child)a 25 3

Other organ dose (gaseous, 
from CCNPP) 0.01 ( child skin)a 0.0046 (adult skin)a 25 10

Whole body dose (gaseous, 
from PBAPS) 1.05 (adult)c 0.206 (infant)c 25 3

Other organ dose (gaseous, 
from PBAPS) 3.12 (infant thyroid)c 5.48 (infant thyroid)c 25 10

Notes:
a  Source: Annual Radiological Environmental Operating Reports for 2006 and 2007, Constellation Generation Group
b  Source: PPRP biennial reports
c  Source:  Annual Radiation Dose Assessment Reports for 2006 and 2007, Exelon Nuclear



97

C h a p t e r  3  —  i M pa C t S  o F  p o W e r  G e n e r at i o n  a n d  t r a n S M i S S i o n

nuclide concentrations in environmental samples collected in 2006 and 2007 with levels de  
tected since 1978 shows the following: 
•	 Plant-related radionuclides were not detected in sediments or shellfish during 2006 and 2007;
•	 Although radionuclide concentrations fluctuate seasonally and annually, no long-term accumu-

lation of plant-related radioactivity in Bay aquatic life and sediments is evident;
•	 The radioactivity introduced into the environment by Calvert Cliffs, when detected, is very small 

compared with background radioactivity from natural sources and weapons test fallout; and 
•	 Radiation doses to humans due to atmospheric and aqueous releases are well within regulatory 

limits (see Table 3-7). 

In summary, environmental, biological, and human health effects of releases of radioactiv-
ity from Calvert Cliffs are insignificant.

Peach	Bottom	Atomic	Power	Station

Exelon Generation Company, a subsidiary of Exelon Corporation, operates Peach Bottom 
Atomic Power Station (PBAPS).  Peach Bottom began operations in 1974 and is located on 
Conowingo Reservoir, 2.7 miles north of the Pennsylvania-Maryland border.  The plant’s 
two operating units are boiling water reactors, each with a generating capacity of approxi-
mately 1,100 MW.  PPRP has monitored radionuclide levels from the plant since 1979. 

Like Calvert Cliffs, Peach Bottom routinely releases very low levels of gaseous, particulate, 
and liquid radioactive material into the atmosphere and the Susquehanna River.  Estimated 
doses to humans, based on liquid and atmospheric releases of radioactivity from the plant, 
have been well within regulatory limits since the beginning of its operation (Table 3-7). 

Information from Exelon’s monitoring programs shows that in recent years, noble gases 
accounted for most of the identifiable radioactivity released to the atmosphere by the plant.  
The most recently compiled results from weekly air and annual vegetation monitoring 
conducted by Exelon Nuclear and independently by PPRP (for the years 2006 and 2007) 
indicate that releases of radioactivity to the atmosphere by the Peach Bottom plant were not 
detectable in air, precipitation, or vegetation. 

Of the radionuclides released by Peach Bottom to the Susquehanna River in 2006 and 
2007, 89 percent was tritium, which is not bioaccumulated and therefore not principal 
environmentally active.  Very small quantities of radioactive cobalt, zinc, iron, chromium, 
and manganese accounted for most of the remaining liquid radioactive material released.  

Figure 3-19 Proportion of Natural vs. Man-Made Radionuclides in Sediment Samples 
near CCNPP and PBAPS

Calvert Cliffs Nuclear 
Power Plant (CCNPP)

Peach Bottom Atomic 
Power Station (PBAPS)
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These particular radionuclides are principal 
environmentally active (see Figure 3-20) because 
they can, if released in sufficient quantities, be 
readily accumulated by aquatic life such as mussels 
and finfish. 

Finfish collected semi-annually by PPRP from the 
Conowingo Reservoir area contained small concen-
trations of historical, fallout-related radionuclides 
and Peach Bottom-related radionuclides.  Radioac-
tivity related to Peach Bottom plant was detected 
in sediments collected semi-annually down-river 
of the plant (see Figure 3-19).  It is estimated that 
historically, less than 20 percent of the radioactivity 
released in Peach Bottom water discharge is found 
in sediments of the Conowingo Reservoir.  The 
remaining radioactivity is transported downstream 
bound to sediment and, deposited in the lower 
Susquehanna River and upper Chesapeake Bay.  In 
recent years, however, radioactivity releases associ-

ated with Peach Bottom have been mostly non-detectible in sediments below Conowingo 
Reservoir and upper Chesapeake Bay.

Similar to the studies at Calvert Cliffs, PPRP has estimated radiation doses to individuals 
consuming finfish using the maximum plant-related radionuclide concentrations found 
in the finfish.  However, because the Susquehanna River is a source of drinking water, its 
ingestion, in addition to fish consumption, may potentially contribute to a human radiation 
dose.  As shown in Table 3-7, the annual total body doses associated with the consumption 
of finfish and drinking water are well below federal limits.  As shown in Figure 3-17, the 
annual total body dose resulting from consumption of fish and drinking water, relative to 
other modes of dose accumulation, is small. 

Results of analyses of environmental samples collected in the vicinity of Peach Bottom 
can be found in the periodic environmental reports described above.  Comparing PPRP’s 
radiological monitoring of Peach Bottom-related radioactivity of aquatic life and sediments 
collected from 2006 and 2007 with monitoring results since 1979 shows the following: 
• The levels of plant-related radioactive material detected in aquatic life and sediments represent 

a small portion of the radioactive material in the Susquehanna River-Chesapeake Bay system 
compared with that from natural sources and weapons test fallout;

• No long-term accumulation of plant-related radioactive material in river biota is evident;
• Long-term operation of Peach Bottom Atomic Power Station has not caused significant accumu-

lation of radioactive material within the Conowingo Reservoir; and
• Radiation doses to humans due to atmospheric and aqueous releases are well within regulatory 

limits (see Table 3-7). 

In summary, environmental, biological, and human health effects of releases of radioactiv-
ity from Peach Bottom are insignificant.

Radioactive	Waste

In addition to the production of atmospheric and liquid effluent releases as a by-product 
of normal power generation operations, both Calvert Cliffs and Peach Bottom generate 
radioactive waste products which require disposal.

Figure 3-20 Principal Environmentally Active 
Annual Aqueous Releases, 1987-2007
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Low-Level	Radioactive	Waste	(LLRW)

This type of waste consists of materials such as contaminated gowns, toweling, glassware, 
resin, equipment, and reactor control rods that are used in the normal daily operation and 
maintenance of the power plant.  Much of the waste is safety and testing equipment that 
have become contaminated through normal use. Resin is used to remove radioactivity from 
wastewater through an ion-exchange process.  Depending on the waste type and radio-
activity level, waste is dried, compressed, and sealed into high-integrity containers, metal 
boxes, or 55-gallon drums.  These containers may, in turn, be sealed into shipping casks.  
Low-level radioactive waste from Calvert Cliffs, similar to LLRW from other industries, is 
transported by truck to licensed radioactive waste processing firms located in Utah, South 
Carolina, Texas, and Tennessee, depending on the type of waste.  Other LLRW from Calvert 
Cliffs may be incinerated, supercompacted, or chemically reduced, depending on the waste 
processing vendor and type of waste.

High-Level	Radioactive	Waste	(Irradiated	Fuel)

Spent nuclear fuel from both Calvert Cliffs and Peach Bottom are presently stored 
at each site within spent fuel pools for the recently discharged fuel or, in the case of 
older fuel generated in earlier years of plant operation, at dry storage independent 
facilities located within the protected plant area.  These Independent Spent Fuel Stor-
age Installations (ISFSIs) are licensed by the NRC for 20 years.  ISFSI design and 
construction must conform to strict NRC specifications (10CFR72) that protect against 
unauthorized entry, earthquakes, and other natural phenomena such as floods and 
hurricanes.  The Yucca Mountain, Nevada repository is currently under consideration 
as a central long-term storage facility for irradiated fuel.  If the Yucca Mountain reposi-
tory should not be available at the end of an ISFSI’s 20-year license, nuclear power 
plant operators will be required to apply for a new license and modify their ISFSIs.   

Exelon’s dry cask storage facility at Peach Bottom currently has 41 casks loaded with 68 
fuel assemblies each, for a total of 2,788 assemblies.  Three more casks were scheduled 
for loading in spring 2009.  As of April 2009, Peach Bottom had utilized 64 percent of its 
available storage.

Calvert Cliffs recently announced plans to seek a license renewal from the NRC for 
its existing ISFSI and to request a license modification to accommodate a newer stor-
age cask design.  The facility’s current license, which expires in November 2012, 
allows for a maximum of 120 horizontal storage modules, although only 72 have been 
constructed to date and only 63 have been loaded.  Each module can accommodate 
48 spent fuel assemblies as currently designed.  Calvert Cliffs has filled 53 percent of 
its currently licensed storage capacity.  The application for a modified ISFSI permit, 
which is expected to be submitted in the spring of 2010, would seek to give the facility 
greater flexibility in the future to adapt and improve its management of spent fuel.

3.1.6	 Power	Plant	Combustion	By-products
Coal, like many fuels, produces gaseous and solid “by-products” during combustion.  The 
solid by-products result from components of coal not consumed during combustion.  This 
section of the report focuses on the solid coal combustion by-products (CCBs) produced by 
coal-fired power plants in Maryland.  The discussion focuses on beneficial reuse of CCBs 
and on-going research efforts to identify additional uses for CCBs.  The ultimate goal is 
that all CCBs produced in Maryland, including those currently stockpiled, will be reused in 
environmentally beneficial and/or environmentally benign ways. 
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Due to a lack of federal regulation, Maryland enacted state regulations for disposal of 
CCBs, effective December 1, 2008.  Companies producing CCBs are required to file CCB 
Annual Generator Tonnage Reports detailing the amount of CCBs generated, how they 
were disposed of or reused, and chemical analysis of the CCBs.

When properly engineered and correctly applied, CCBs can be utilized in civil engineering, 
mine restoration, and agricultural applications (Table 3-8).  The beneficial use of CCBs as 
raw materials in applications that are environmentally sound, technically safe, and com-
mercially competitive will lead to a reduction in the disposal of these raw materials and 
may contribute to reduced GHG emissions.  The most direct contribution to reducing GHG 
emissions occurs when fly ash is used as a supplementary material in concrete and concrete 
products.  By substituting fly ash in place of cement, the carbon emissions associated with 
cement production are reduced.  For each ton of fly ash utilized, a reduction of approxi-
mately one ton of CO2 can be achieved.  A continued increase in the beneficial utilization of 
Maryland CCBs will likely lead to:
• Decreased need for landfill space;
• Conservation of the natural resources of the state;
• Reduction in the cost of producing electricity;
• Lower electricity cost for consumers; and
• Substantial savings for end-users of CCBs.

CCB	Generation

CCBs are produced during the combustion process incident to the production of electric-
ity at coal-burning power plants.  According to DOE, in 2008, coal-fired power plants in 
Maryland generated an estimated 2 million tons of CCBs.  These CCBs are the non-com-
bustible mineral matter present in coal and any unburned carbon remaining as a result of 
incomplete combustion.  

The two primary types of CCBs produced by Maryland’s coal-burning power stations, fly 
ash and bottom ash, are differentiated by their physical characteristics.  Fly ash is the finely 
divided residue or ash that is transported from the furnace along with emission gases.  It 
is captured in electrostatic precipitators or baghouses and has reliable pozzuolanic proper-
ties.  Fly ash is composed of very fine, and generally spherical, glassy particles.  Conversely, 
bottom ash is collected from the bottom of the furnace and is composed of coarser, angular, 
porous, or glassy particles.  There is little difference in the chemical makeup of fly ash and 
bottom ash.  The principal difference is that the particles of bottom ash are much larger 
than particles of fly ash.  During coal combustion, if temperatures are sufficiently high, a 
portion of the resulting ash will become molten and convert to slag.

The exact chemical nature of CCBs depends upon the nature of the coal burned and the 
combustion process used.  For the most part, power plants in Maryland burn bituminous 
coal from the eastern United States, which produces predominantly ASTM Class F fly ash.  
Class F fly ash is distinguished from Class C fly ash by having less than 10 percent calcium 
(expressed as CaO) by weight.  The ash is typically composed of more than 85 percent 
silicon, aluminum, and iron oxides, much of which is present in glassy aluminosilcates.  

Class F fly ash may also contain trace metals such as titanium, nickel, manganese, cobalt, 
arsenic, and mercury.  Electric utilities are required to include all applicable constituents 
of their CCBs when reporting chemical releases through EPA’s TRI program.  Established 
in 1986, the TRI is a database maintained by the U.S. EPA listing the quantities of toxic 
chemicals released to the environment annually by facilities in certain industries. Electric 
utilities became subject to TRI reporting requirements in 1997.
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Table 3-8  CCB Beneficial Use Options

TYPE OF COAL COMBUSTION PRODUCT

Potential Use

FBC Pulverized Coal FGD

Fly ash Bed ash Fly ash Bottom ash Boiler slag Sludge
ROADWAYS 
Cement/concrete/grout X X X X 
Embankment/structural fill X X X X 
Flowable fill X X X 
Road base/subbase X X X X 
Snow and ice control X X 
Synthetic aggregate X X 
Wetland liner X 
RECLAMATION USE
Abandoned surface mine reclamation X X X X 
Reclamation of existing surface mined lands X X X X 
Subsidence remediation and control X X X X X 
Underground placement to mitigate AMD X X X X 
Wetland and pond liner X X X 
Treatment of coal refuse X X X 
AGRICULTURE 
Agricultural liming substitute X X X 
Soil amendment X X X X X 
Pond & animal manure holding facility liner X X X 
Livestock feedlot and hay storage pad X X X X 
New soil blends X X X X 
Commercial fertilizer X X X 
Treatment of bio-solids X X X X X 
MANUFACTURING
Paint X 
Wallboard X 
Roofing granules X X 
Cement industry X X 
Steel industry X X 
Fillers (plastics, alloys and composites) X 
Mineral wool insulation X 
Ceramic products X 
Recovery of metals X X 
OTHER ENGINEERING USES
Brick X 
Concrete block X X X 
Landfill liner, daily cover, cap X X X X 
Blasting grit X X 
Pipe bedding X X 
Water filtration X 
Drainage media X X 
Waste stabilization/solidification X X X X X 
Treatment of sewage sludge X X X 
Pond liner X X 
Dredged material stabilization X X X X
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TRI reporting for CCBs is based on the mass of each regulated chemical that was disposed, 
rather than the total mass of CCBs.  There are currently 650 chemicals that require TRI 
reporting.  Of these 650 chemicals, only 21 have been reported in the category of Electric 
Utility land-based waste disposal.  Table 3-9 lists these chemicals along with the quantities 
disposed by Maryland electric utilities in 2007, and shows that hydrochloric acid, barium 
compounds, and hydrogen fluoride constituted the largest portion of TRI reportable 
chemicals.  Overall, the mass of TRI reportable chemicals represented less than 1 percent of 
the total mass of CCBs produced annually in Maryland.

Two power plant technologies that are relatively new to Maryland are fluidized bed 
combustion (FBC) and FGD.  Both of these technologies include the use of sorbents, 
such as limestone, during or after combustion to reduce air pollution by removing sulfur 
compounds from power plant emissions.  FBC introduces the alkaline sorbent during 
combustion while FGD introduces the limestone sorbent in the flue (exhaust) gas.  Whereas 
the use of sorbents improves air quality, the noncombustible sorbents significantly increase 
the volume of solid CCBs produced.   

FBC by-products and FGD material resulting from these air pollution reduction measures 
contain many of the same chemical components as ordinary coal ash, but they have much 
larger proportions of calcium sulfate and sulfite minerals due to reactions between the 
limestone sorbent and sulfur emissions.  They may also contain free lime (unreacted 
sorbent), causing the ash to be self-cementitious when mixed with the appropriate amount 
of water.

Table 3-9 Reported TRI Releases Associated with CCBs

 
Chemical

Quantity Disposed in 
2007 (pounds)

 
Off-site

Ammonia 37,497 ---
Arsenic Compounds 55,370 53,560
Barium Compounds 1,468,759 1,414,904
Benzo(G,H,I)Perylene --- ---
Beryllium Compounds 9,733 9,597
Chromium Compounds 202,184 198,101
Cobalt Compounds 64,242 63,320
Copper Compounds 260,438 249,319
Dioxin and Dioxin-like Compounds --- ---
Hydrochloric Acid 32,885,073 ---
Hydrogen Fluoride 1,137,695 ---
Lead Compounds 107,191 100,263
Manganese Compounds 284,487 279,536
Mercury Compounds 2,814 1,525
Molybdenum Trioxide 14,083 13,400
N-Hexane --- ---
Naphthalene --- ---
Nickel Compounds 203,600 177,079
Nitrate Compounds --- ---
Polycyclic Aromatic Compounds 323 288
Selenium Compounds 16,632 2,140
Sulfuric Acid 2,123,612 ---
Vanadium Compounds 381,675 368,260
Zinc Compounds 203,189 193,694
Total Reported to TRI in 2007 39,458,598 3,124,988
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The AES Warrior Run power plant in Cumberland is currently the only Maryland power 
plant that uses FBC.  In FBC technology, coal and finely ground limestone are fed into 
the combustion chamber and mixed together by forcing air into the chamber.  The heat 
in the combustion chamber causes the limestone to decompose to an oxide that captures 
SO2.  FBC units can remove more than 95 percent of the sulfur produced from burning 
coal.  The resulting combined ash is self-cementing:  a silica, alumina, and calcium-based 
material which, when mixed at a ratio of 65 percent solids to 35 percent water, will set up 
and harden to a cement or concrete-like material with excellent structural and engineering 
properties.

FGD material is produced when the flue gas enters a spray tower or absorber and is mixed 
with a sorbent slurry of water and finely ground limestone or lime.  The calcium reacts 
with the SO2 to form calcium sulfite or calcium sulfate, which are segregated by dewatering 
and settling.  FGD scrubbers are scheduled to come online at the Brandon Shores, Dicker-
son, Chalk Point, and Morgantown power stations in 2010.  Starting in 2010, FGD scrubbers 
will begin to introduce about one million tons per year of FGD material into the CCB waste 
stream.  However, oxidized calcium sulfite or calcium sulfate (synthetic gypsum) is suitable 
for use as a natural gypsum substitute.

In the absence of being placed in accordance with sound engineering principles, landfilled 
CCBs have the potential to adversely impact Maryland’s terrestrial and aquatic resources.  
The importance of sound engineering placement of CCBs was highlighted at the B.B.S.S. 
Mine Reclamation Site.  Between 1995 and 2007, Constellation Energy Group (formerly 
Baltimore Gas & Electric) provided Reliable Contracting Co., Inc. with approximately 
200,000 to 400,000 tons per year of CCBs, primarily unstabilized Class F fly ash, to reclaim 
a former sand and gravel 
mine in Anne Arundel 
County owned by B.B.S.S., 
Inc.  The site relies on a 
natural soil cover and its 
underlying geology to 
minimize the potential 
for leachate to impact the 
regional ground water 
system.  In October 2006, 
MDE requested that PPRP 
provide assistance to an 
independent evaluation of 
the source of heavy metals 
and dissolved sulfate 
detected in residential 
wells near the site.  A 
statistical comparison of 
residential and monitoring 
well water quality data 
indicated that fly ash 
placement in the Turner 
and Waugh Chapel Pits at 
the site likely contributed 
to deterioration of ground 
water quality in the site 
vicinity.  Constellation 
and MDE entered into a 

Figure 3-21 Distribution of Beneficial Use CCB Projects in 
Maryland
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Consent Decree in October 2007 that lays out an approach to resolve the identified impacts.  
Careful planning and execution of the disposal and/or reuse of CCBs is necessary to 
minimize impact to the surrounding environment.

Disposition	and	Beneficial	Use

Of the approximately two million tons of CCBs produced by Maryland power plants in 
2008, about one-half of these were placed in disposal sites (see locations in Figure 3-21) 
with the largest disposal site being the Westland ash site in Montgomery County.  In 
contrast, the largest beneficial user, AES Warrior Run, placed all (378,034 tons in 2008) 
plant-generated CCBs in surface coal mine restoration projects in Western Maryland.  In 
2008, the remainder of the Maryland beneficial use stream was used in a variety of applica-
tions including:  
• Concrete, block, and cement manufacturing (399,039 tons of CCBs); 
• Blasting grit (39,926 tons); and 
• Snow and ice control (11,400 tons).

Beginning in 2010, FGD material generated at Mirant Mid-Atlantic plants in Maryland 
will be provided to wallboard manufacturers as a replacement for natural gypsum.  The 
Brandon Shores plant, owned by Constellation, plans to landfill all FGD material until an 
acceptable user is established.

Fly ash, bottom ash, slag, and FGD material have different primary beneficial uses because 
each component has distinct physical and chemical properties suited to a specific beneficial 
use application.  Fly ash is used in the largest quantities and the widest range of applica-
tions among the CCBs (see Table 3-8) because of its pozzolanic properties.  Use in cement 
and concrete production tops the list of leading fly ash applications, followed by structural 
fills and waste stabilization.  The relatively uniform spherical shape and particle distribu-
tion of fly ash improves properties of flowable fill and the fluidity of grout.  For waste 
stabilization, fly ash can act as a drying agent for wet materials such as sludge, sediment or 
dredged material.  Figure 3-22 highlights the quantity of CCBs generated and disposed by 
Maryland’s coal-fired power plants annually.

The primary beneficial uses for bottom ash are road base/sub base, structural fill, and 
snow and ice control.  Minor uses include 
concrete, mining applications, and cement 
clinker raw feed.  Bottom ash is also used as fine 
aggregate in asphalt paving mixtures.  Owing 
to its considerable abrasive properties, slag is 
used almost exclusively in the manufacture of 
blasting grit and roofing granules.  Primary 
beneficial use applications for FGD material 
are wallboard and concrete manufacturing, 
mining applications, structural fill, and agricul-
tural applications.  Structural fill and concrete 
manufacturing account for the majority of 
the beneficial use of FGD material.  Although 
agricultural use as a soil conditioner currently 
accounts for only a small fraction of FGD 
material reuse, agricultural application has the 
potential to exceed the volume of FGD material 
used in wallboard manufacturing.

Figure 3-22   CCB Generation and Disposal, 2008
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PPRP	Demonstration	Projects

With the beneficial reuse of about one-half of all CCBs generated, Maryland is above the 
national average of approximately 43 percent, as reported by the American Coal Ash 
Association in 2007.  PPRP believes that this percentage can be further increased even with 
the greatly increased production of FGD material beginning in 2010.  Since 1994, PPRP has 
supported research and demonsteration projects regarding beneficial uses of CCBs.  Of 
particular interest are applications which could use massive quantities of CCBs. 

This approach led to systematic investigation of the severely disturbed mined lands of 
Maryland to determine how stabilized CCBs or other problem materials stabilized with 
pozzuolanic CCBs might be used to return these areas to constructive use, reduce acid mine 
drainage, prevent further subsidence, and restore natural drainage patterns.  In support 
of the overall CCB research program, PPRP supports a geographic information laboratory 
and mapping service in the Geography Department and a leachate testing capability in the 
Chemistry Department at Frostburg State University (FSU).  A soils and material science 
laboratory has also been established at FSU and is operated by the Western Maryland 
Resource Conservation and Development Council, Inc.

Several field-scale projects have been initiated or completed to demonstrate various grout-
ing applications of CCBs.

The Winding Ridge Project – Monitoring effluent from the Frazee Mine on Winding Ridge 
began in 1995 to establish a baseline to measure the effectiveness of backfilling this small 
mine with CCBs.  It was partially filled with 5,600 cubic yards of fly ash, FBC material, and 
mine water in 1996.  This treatment has reduced all heavy metals in the mine effluent below 
detection limits.  The project received international recognition at the World of Coal Ash 
Conference in 2007.  PPRP published a 10-year update on the project in October 2008.

The Siege of Acre Project – An isolated segment of Kempton Mine 42 was found to be 
producing unusually acidic drainage with a pH of 2.2.  A DOE grant was obtained to drill 
observation holes to the three tunnels that make up the segment and plan grouting to cover 
the 750 feet of exposed mine pavement and debris in each tunnel.

The Kempton Man Shaft Project – In 2003, fly ash, FBC material, and mine water were 
used to intrusion grout around this 420-foot mine shaft at Kempton, Maryland in hopes of 
reducing the cone of depression it creates in the regional water table under the sensitive 
wetlands on the North Branch of the Potomac River.  The impact of the grouting continues 
to be monitored.

The McDonald Mine Project – In August 2005, the McDonald Mine in the Georges Creek 
Coal Basin blew out and overwhelmed the doser treating its effluent.  PPRP and the Mary-
land Bureau of Mines are collaborating on investigations of how to bring the increased flow 
under control, manage the large volume of sediment being generated, and provide more 
effective treatment in the limited space available between the mine discharge and Georges 
Creek.

The Hoyes Run Project – Hoyes Run is a highly valued trout stream that runs adjacent to 
the Key Stone Quarry in Garrett County, Maryland.  During periods of low flow, its entire 
flow was lost to solution channels developed in a loss zone near the Quarry.  The solution 
channels generally filled with stream sediment and debris and were thus candidates for 
sealing with permeation grouting using conventional chemical grouts.  However, when 
conventional chemical grouting was tried these grouts expanded with such pressure that 
partings in the streambed rocks increased causing even greater stream loss.  A grout of 
fly ash and fine particle FBC material filled the solution channels and effectively seal the 
streambed without causing any problems so long as the channel entrances can be identified 
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and isolated for grout injection.  As new solution channels develop, they are being identi-
fied for grouting in each low flow season.

In addition to these demonstration projects, PPRP supports research that can be used by 
others for implementing CCBs and waste-to-energy ash in beneficial applications.  Some 
studies of special note include include:

Weathering Studies of CCB-based Pozzolan Stabilized Materials (PSM) – On-going 
research has been conducted at the Western Maryland Resource Conservation & Develop-
ment Council, Inc. (RC&D) Materials Testing Laboratory to establish use of PSM as a 
flowable fill for abandoned underground mine applications.  Initiated in June 2005, CCB 
weathering experiments document the physical and chemical degradation of CCB grout 
that could occur if placed as cover on abandoned underground mine pavement and 
exposed to AMD.  To simulate abandoned mine conditions and determine environmental 
impacts, blocks of varying CCB composition were placed in flowing water ranging from 
pH 7 to pH 3.0.  Samples of the circulating water were collected quarterly for the first 

year and periodically afterward to analyze for trace metals and selected 
contaminants of concern.  Due to the inherent buffering capabilities of 
the CCB grout when exposed to AMD, the circulating water is analyzed 
daily for pH and adjusted back to the specified pH level using a 5 percent 
sulfuric acid solution.  To date, monitoring has shown no decrease in stan-
dard water quality parameters (i.e., calcium, potassium, sulfate, and TDS) 
as expected from surficial CCB grout weathering under acidic conditions.  
The weathering blocks demonstrate great potential for neutralizing AMD 
if placed in stream beds or as a covering on abandoned mine pavement.  
Further field study is expected and analysis of the blocks continues.

Dredged Material (DM) Stabilization – PPRP is a member of the DM 
Management Program Innovative Reuse Committee providing guidance 
on the beneficial use of massive amounts of material including DM and 
CCB blends.  As an additive to DM, CCBs promote drying and condition-
ing of an otherwise poor engineering material.  Preliminary and on-going 
laboratory tests of Baltimore Harbor DM blended with Maryland CCBs 
have resulted in a structurally stable material with excellent engineering 
properties.

Cost Studies – PPRP has developed cost estimates for placing fly ash 
and FBC material in abandoned underground mines as grout to become 
stabilized material and for placing Class F fly ash and lime kiln dust 
(LKD), the most plentiful high lime content industial waste product avail-
able in Maryland, to trigger the pozzuolanic reaction in fly ash to become 
stabilized material in pit mines. These estimates suggest the use of CCBs 
in these applications will be competitive when mine filling is required 
and will be competitive with proposed methods of landfilling in terms of 
cost.

Investigation of Works Project Administration (WPA) Maryland Mine 
Sealing Program – The largest mine sealing program ever undertaken in 
Maryland was that of the WPA in the 1930s.  It was largely judged a fail-
ure in terms of reducing acid mine drainage.  The extent of the Program 
and reasons for its failure to impact acid mine drainage were investigated 
as guidance for large-scale use of CCBs in mine applications.   

Maryland FGD 
Installations and 
Synthetic Gypsum 
Production
Anticipated By-product to be 
Generated by FGD Units Installed 
on Maryland Power Plants in 2010

Plant
Estimated Average Mass 

(tons/year)

Morgantown 375,000

Brandon Shores 240,000

Dickerson 185,000

Chalk Point 175,000

Source:  Maryland Department of the Environment, 2009

Four Maryland power plants are currently preparing to 
install FGD scrubbers, which will begin operating in 
2010.  Although these scrubbers will reduce air emis-
sions, an increase in synthetic gypsum production will 
occur.  Synthetic gypsum can be beneficially utilized in 
the production of wallboard and currently accounts for 
nearly 30 percent of all wallboard produced in the U.S.  
Since synthetic gypsum contains mercury that is present 
in the flue gas of coal-fired power plants, concerns 
have been raised regarding the potential for mercury 
exposure from wallboard.  A recent study by Exponent 
found that both synthetic and natural (mined) gypsum 
contain mercury, although synthetic gypsum typically 
has higher levels of mercury.  When measuring the 
volatilization of mercury from both natural and synthetic 
gypsum wallboard, the results (0.92 +/- 0.11 and 5.9 
+/- 2.4 ng/m3, respectively) were well below the U.S. 
EPA reference concentrations for elemental mercury in 
indoor air of 300 ng/m3, the Agency for Toxic Substances 
and Disease Registry minimal risk level (MRL) of 200 
ng/m3, and even the background mercury concentrations 
for indoor air.
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Maryland’s Carbon Storage and Use Plan – PPRP is developing Maryland’s Carbon 
Sequestration Plan and Carbon Dioxide Storage and Use Plan through research at FSU in 
collaboration with the Maryland Geologic Survey, U.S. DOE, and industry.  The FSU Coal 
and Shale Analysis Laboratory, founded in 2008, conducts research on the preferential 
displacement of methane molecules from organic molecules of shale and coal by CO2 and 
investigates beneficial uses of CO2 such as injection to increase yield in abandoned gas 
wells, recovering coal-bed methane from unmineable seams, and CO2 as a replacement 
for fluids in deep well fracturing.  Data to support the carbon storage and use plan is also 
gathered at the Western Maryland Regional GIS Center, where the first phase of planning 
is complete.  Phase I included the identification and mapping of geologic units with the 
potential to sequester CO2.  The resulting map of potential CO2 repositories is shown in 
Figure 3-23.  Phase II began in 2009 and involved the location of leaky abandoned natural 
gas wells that impact the integrity of the Deer Park Anticline for CO2 storage.

Cataloguing of Maryland Mine Information – Any program for the massive use of CCBs 
in Maryland mines required organizing the information scattered in numerous collec-
tions in the State.  With the majority of the information in the Ort Library at FSU, PPRP 
sponsored a project through the Maryland Bureau of Mines to inventory the Ort Library 
material and create a reference guide to expedite the development and planning of mine 
restoration projects.

Figure 3-23   Potential Geologic Repositories for CO2 in Maryland
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3.2 Transmission Line and Pipeline 
Rights-of-Way

More than 2,000 miles of electric power transmission line rights-of-way are located 
throughout Maryland.  These rights-of-way are constructed and maintained as long, 
linear corridors that are often markedly distinct from the surrounding environment.  The 
corridors may cross streams and rivers, split patches of forest, traverse farms and open 
areas, run alongside roads and through residential areas, or span wetlands and other 
sensitive habitats, resulting in a variety of effects.  To provide public review and to ensure 
that environmental and other concerns are addressed, CPCN applications for new corridor 
construction and for modifications in existing corridors must be provided to and approved 
by the PSC.  PPRP coordinates the review of these applications to identify both temporary 
construction effects and potential long term impacts in the same manner as for proposed 
power generating facilities. 

In general, overhead transmission line corridors vary from approximately one hundred to 
several hundred feet wide, depending on the power-carrying capacity and the number of 
lines routed through the corridor.  As they stretch across the Maryland landscape, transmis-
sion corridors are bound to cross natural features such as streams and floodplains, but 
because of their relatively narrow width it is usually possible to avoid wetlands, forests, 
rare species habitat, historical and archeological sites, and scenic viewsheds.  Several new 
transmission lines across Maryland have been proposed recently in response to PJM trans-
mission planning and federal studies that indicate the northeast U.S. is in critical need of 
increased transmission capacity and reliability.  Furthermore, should offshore windpower 
facilities be built near the Maryland coast, additional large capacity transmission lines 
may also be needed on the Eastern Shore.  Applications for interstate transmission projects 
of this sort raise many unique environmental or other issues, such as preserving natural 
habitats along the Atlantic Coast, shielding the views and vulnerable stream habitats of 
suburban central Maryland, protecting the sensitive bottom habitats of the Chesapeake Bay, 
or insuring the security of power delivery to populations and facilities in Washington, D.C., 
Baltimore, Maryland, and other urban areas.  

Three major transmission projects are currently in various stages of review.  In late 2008, 
SMECO submitted a CPCN application to upgrade an existing 69-kV line in its territory to 
a 230-kV line along a 30-mile route.  Shortly thereafter, in February 2009, Pepco Holdings, 
Inc. (PHI) submitted a CPCN application for the first part of the 230-mile long, 500-kV Mid-
Atlantic Power Pathway (MAPP) project.  This segment of MAPP would cross the Potomac 
River into southern Maryland from a substation at Possum Point, Virginia and run for 
72 miles in existing rights-of-way to a substation at the Calvert Cliffs Nuclear Power 
Plant.  Future parts of the project (for which applications are expected in fall 2010) include 
crossing under the Chesapeake Bay and building a new 13-40-mile transmission right-of-
way across Dorchester County to a substation near Vienna, Maryland and then eastward 
on existing right-of-way in Wicomico County to the Delaware State line.  A third project, 
which submitted a CPCN application in May 2009, is the Potomac-Appalachian Transmis-
sion Highline (PATH).  At 765 kV, this 20- to 30-mile long line would be the largest capacity 
line ever built in Maryland.  The Maryland portion would be within Frederick County, and, 
in most places, will expand the width of an existing right-of-way.  The line would cross the 
Potomac River upstream of Point of Rocks and connect to the existing power grid through 
a new substation to be built near Kemptown.

PPRP reviews the environmental impacts of transmission line projects like these from a 
number of perspectives.  Brief discussions of the review considerations and typical impacts 
are provided in the subsections below for vegetation and land cover, wetlands, wildlife, 
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threatened and endangered species, and Maryland’s Green Infrastructure, followed by a 
summary of the cumulative effects of transmission line rights-of-way.  Impacts on water 
resources and the Chesapeake Bay are discussed in Section 3.2.2.

3.2.1	 Impacts	to	Vegetation	and	Land	Cover
Any transmission line right-of-way in Maryland that is longer than a mile or two will 
generally pass through a mosaic of land cover types, including forested areas, agricultural 
lands, residential and urban development, and infrastructure such as roads, power facili-
ties, airports, and military bases.  Along the transmission line corridor, mixed hardwood 
and coniferous forests, agricultural field edges, and undeveloped pockets within urban 
areas provide wildlife habitat.  At frequent intervals the corridor will be located adjacent to 
or across streams and their associated riparian and wetland areas.

In existing transmission line rights-of-way, past maintenance will have shifted the vegeta-
tion toward low-profile species, such as grasses, ferns, flowering plants or forbs, shrubs, 
and tree saplings.  Many of the species present in the right-of-way may be non-native 
species that were planted after the initial clearing to prevent soil erosion, or weedy and 
invasive species that have taken advantage of the corridor to move into new territory.  In a 
few places, where clearing to maintain the right-of-way has not been frequent, taller veg-
etation may be present, but generally the right-of-way will be open, with sparse vegetation 
cover and a different assemblage of plant and animal species than is present in the adjacent 
areas.  The bordering ecosystems (within 100-300 feet of the right-of-way boundaries) will 
also be degraded to some degree where the vegetation has been disturbed or altered by 
right-of-way construction and maintenance.  

Shrubs and small trees are most likely to be found in low-lying areas associated with 
streams or wetlands crossed by the right-of-way.  These areas are accessed less frequently 
because of wetness, and the plant community will tend to be more diverse and mature than 
in upland locations.  Forested areas adjacent to the right-of-way will typically comprise 
regionally important species such as Loblolly Pine (Pinus taeda), Virginia Pine (Pinus 
virginiana), Shortleaf Pine (Pinus echinata), Southern Red Oak (Quercus falcata), Black Oak 
(Quercus velutina), Scarlet Oak (Quercus coccinea), Pin Oak (Quercus palustris), Willow Oak 
(Quercus phellos), Northern Red Oak (Quercus rubra), Black Walnut (Juglans nigra), Tuliptree 
(Liriodendron tulipifera), Sweetgum (Liquidambar styraciflua) and Red Maple (Acer rubrum).

The most obvious impact of transmission line rights-of-way is the replacement of forested 
land cover with a cleared strip of land.  The impact to the surrounding vegetation depends 
to a large extent on maintenance practices.  Maintaining a cleared transmission line right-
of-way through a forest splits the forest into disconnected pieces and provides invasive 
species with routes into the forest interior.  The effects are less severe in agricultural areas, 
particularly if the transmission company permits continued use of the land for crops or 
pasture.  In residential or commercial areas, environmentally sensitive maintenance of 
rights-of-way can actually augment nearby streams and wildlife habitat, thereby providing 
buffers that retard environmental degradation from urban development and runoff.

When a new transmission line is built, there are additional, temporary impacts from 
construction access by cranes and other heavy equipment, construction traffic on unpaved 
access roads, boring for transmission line pole foundation installation, and wire installa-
tion activities.  Activities to minimize construction impacts normally include restoration 
of contours to pre-construction conditions and controlling erosion until re-vegetation 
stabilizes the disturbed areas.  The Maryland State agencies generally recommend that the 
vegetation be restored to native species and that the natural functions of the pre-construc-
tion ecosystem be protected.
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Transmission companies are required to maintain rights-of-way in a safe condition that 
assures the reliable delivery of power in accordance with national safety standards.  
Although it has been common practice to achieve this goal by clearing and mowing the 
right-of-way, such vegetation management practices are usually unnecessary and can be 
excessive in sensitive areas and through forested habitat.  The State agenices recommend 
leaving the right-of-way in a natural state to the maximum extent possible, creating curved 
or wavy right-of-way boundaries, pruning trees to create a feathered right-of-way edge, 
and piling brush from any necessary clearing operations so that it provides wildlife habitat.   
Research, including PPRP-sponsored projects, is continuing on this subject to identify 
improved best management practices and right-of-way maintenance techniques that build 
upon the guidelines set forth in the ANSI A-300 IVM-Part 7 standard.  Low-frequency, local 
herbicide treatments or selective clearing are usually sufficient to remove any vegetation 
that constitutes a threat to the lines.  Some areas, such as wetlands and ravines, should be 
maintained in nearly natural condition to provide wildlife corridors across the right-of-way 
(see Section 3.2.10).

Trees in or near transmission line rights-of-way can present special maintenance problems.  
While it is environmentally desirable to remove as few trees as possible, the PSC has 
estimated that fallen trees and branches are the largest cause of power outages in Mary-
land, accounting for almost two-thirds of the 6.5 million customer-hours of electric service 
interruption in the state in 2006.  To address this issue, DNR has joined with the Maryland 
Electric Reliability Tree Trimming (MERTT) Council, which typically focuses on lower-
voltage lines, to develop a clear picture of trees that cause power outages in Maryland.  
Utility foresters, using equipment and data collection procedures provided by DNR, are 
identifying each instance of a tree-caused power outage and recording the location, type of 
tree, and other details.  DNR is assembling the data from utilities throughout the state into 
a common data base and analyzing the data to provide the PSC with accurate information 
on the causes of such outages.  The results will be used by MERTT Council members and 
DNR to develop improved maintenance practices that identify and remove hazardous trees 
while maintaining the maximum possible protection for valuable tree resources and forest 
habitat.

3.2.2	 Impacts	to	Streams,	Rivers,	and	Watersheds
Transmission line rights-of-way crossing streams, rivers, and their watersheds create 
temporary ecological impacts during construction, and permanent ecological impacts after-
ward if they are maintained in an unnatural, cleared state.  Constructing and maintaining 
transmission lines can also affect streams near the right-of-way both directly and indirectly.  
The primary direct effects are from disturbance caused by construction or maintenance 
vehicles crossing or working from stream beds, floodplains, or bank areas, which may 
release sediment, construction debris, and contaminants into the stream.  Vulnerable 
aquatic or riparian zone species may also be disturbed by noise, dust, and construction-
caused changes in drainage patterns or soil.

Tree removal during construction can result in immediate as well as long-term soil erosion 
that increases sediment loads in streams.  Left uncorrected, increased sediment can lead 
to changes in stream morphology and diminished water quality, ultimately degrading the 
ecological condition of the stream.  Removing vegetation from the riparian area reduces 
stream shading and decreases the amount of leaf litter, woody debris, and rootwads 
present in the stream system.  This may change crucial ecological conditions of a stream, 
such as increasing water temperatures and reducing habitat and food sources that threaten 
survival and reproduction of cold water species including brook trout.
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In most cases, long-term effects can be minimized by placing transmission line towers a 
considerable distance from the stream bank, so that the wires span the stream and riparian 
area.  This configuration is particularly effective at reducing impacts if the right-of-way is 
maintained in natural vegetation in the riparian area.  However, older rights-of-way are 
frequently entirely cleared, reducing cover and shading, increasing runoff from slopes and 
erosion near tower foundations, and allowing mowing or the application of herbicides that 
may affect the stream and its inhabitants.  Transmission line owners are encouraged by the 
State to adopt the most ecologically friendly maintenance practices as practical for these 
older rights-of-ways.

Large rivers are impacted similarly, but in most cases experience additional impacts.  These 
rivers are often too wide to avoid placing towers directly adjacent to the water, or in the 
river itself.  For example, the 500-kV line crossing the lower Potomac River near Moss Point 
includes six towers in the river and is currently being considered for a second crossing.  
All of Maryland’s major rivers, both tidal and nontidal, are crossed by transmission lines.  
At present, only one of these crossings — SMECO’s transmission line between St. Mary’s 
County and Calvert County near the mouth of the Patuxent River — is accomplished by a 
cable beneath the river.

Impacts from transmission support structures placed in the riverbed include disturbance 
to fish and bottom dwelling organism habitat, redirection of currents and erosion patterns, 
and potential hazards to navigation.  Above the waterline, the towers may provide oppor-
tunities for some birds, while interfering with others.  Frequently, they also prominently 
degrade the visual environment along the river.  This effect is particularly onerous on 
Maryland’s designated scenic rivers, including the existing crossings of the Patuxent River, 
the Monocacy River, and portions of the Potomac River.

Transmission lines that cross numerous streams and rivers within a single watershed may 
degrade the overall biological health of the watershed.  Any local effects that propagate 
downstream, such as warmer water temperatures or increased sediment load, will accu-
mulate.  In lower reaches of the watershed, the summed effects could cause a shift in water 
quality, initiate changes in aquatic species composition, or modify the configuration of 
the drainage channel.  To minimize such effects, the State agencies typically recommend 
that towers be located as far from stream banks as possible, and require vegetation and 
construction management practices that minimize the movement of disturbed soil and 
construction debris toward streams.  Where possible, an underground crossing may be an 
effective way to eliminate both visible and environmental impacts (see Section 3.2.9 for 
additional details).

Impacts	to	the	Chesapeake	Bay

The Chesapeake Bay is Maryland’s largest and most unique water resource.  Almost all 
of the state’s watersheds drain into the Bay, and its health is directly affected by human 
activities in these watersheds, in the tidal rivers that flow into it, and in the wetlands that 
surround it.  Transmission line rights-of-way affect the Bay through their impacts on these 
watersheds, rivers, and wetlands, and additional direct impacts could be introduced by a 
transmission line planned to cross the Bay itself.  Over the years, a number of proposals to 
build such a transmission line have been made, and modern technology has dramatically 
improved the feasibility and cost effectiveness of such a project.

To protect the Bay from adverse impacts of shore line development, Maryland has defined 
a “Critical Area” that includes, in addition to the waters of the Bay and the submerged land 
below them, all land within 1,000 feet of either the mean high water line of tidal waters 
or the landward edge of tidal wetlands.  The Critical Area Act (1984) authorizes State and 
local governments to assess impacts caused by construction disturbances, run-off, and 
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activities within the 1,000-foot buffer zone.  Any projects which may directly or indirectly 
affect the Critical Area in the state, including transmission line rights-of-way, are required 
to seek and obtain approval from the Critical Area Commission.  The State discourages 
new lines in the Critical Area and recommends protective construction and vegetation 
management approaches.

A transmission line across the Bay itself, presumably underwater, would be expected to 
have short-term, acute impacts caused by construction activities, and long-term impacts 
from the construction disturbance, maintenance activities, and the operation of the electric 
power line once it is energized.  Submarine cables exist in several areas of the United States, 
although none are in a water body as productive and biologically diverse as the Chesa-
peake Bay.  Turbidity, temperature, and salinity changes in the water column, and physical 
barriers on or in the bottom sediments, will be of concern.  Heat released during the opera-
tion of the cable could create a permanent warm area, affecting benthic habitats, spawning 
times of sessile species, and water mixing patterns.  Aquatic habitats may be affected by 
re-suspension of sediments from this area during construction that may release contami-
nants or nutrients into the water column.  The depth profile of the bay, and its strong tidal 
influences, would allow disturbances that re-suspend sediments or contaminants to have 
effects well beyond the immediate physical footprint of the cable path, such as adjacent 
oyster and clam beds.  A disturbance that transects the Bay, either short-term or long-term, 
could impact distribution and migration routes of commercially and ecologically important 
aquatic species, such as striped bass, American shad and eels, and blue crabs.  

Any proposal for a transmission line across the Bay would be subject to extensive review 
by State and federal agencies.  A thorough pre-construction assessment of sediments, 
wetlands, benthic community conditions, nesting areas, and sensitive and protected species 
habitats would likely be required to identify any potential impacts.

Impacts	to	Ground	Water

Impacts to ground water due to transmission lines mainly occur during the construction 
or installation of the structures, whether above ground or underground.  The construction 
of new overhead transmission tower foundations may require drilling to depths that can 
penetrate the water table.  For example, the estimated drilling depths required for new 
structures in the SMECO Holland Cliff to Hewitt Road 230-kV transmission line project are 
approximately 40 feet below ground surface.  While there may be concern that such drilling 
could cause an adverse impact on potable ground water in the Coastal Plain aquifers 
beneath the right-of-way, typically the upper 40 to 60 feet of strata beneath the land surface 
in Calvert County, where the project will be located, consists of a mix of gravel, sand, silt 
and clay associated with the Lowland and Upland deposits.  The shallowest potable supply 
of ground water in Calvert County is obtained from the Piney Point Aquifer, which is typi-
cally located 200 to 300 feet below ground surface across the county, according to Maryland 
Geological Survey reports.  As structure heights increase for higher voltage overhead 
transmission lines, the required drilling depths may be deeper than that of the SMECO 
project; therefore, the drilling depths and depth to groundwater will need to be considered 
for proposed transmission line projects in Maryland.

Alternatives to traditional overhead construction, such as underground and submarine 
cable installations, are becoming increasingly more common as the technology advances.  
Potential impacts associated with underground installations may include the redirection of 
ground water flow associated with the construction of underground duct banks and splice 
boxes or backfilling the trenches with material of differing porosity.  Another potential 
effect could be an increase in ground water temperature due to the heating of an under-
ground cable during its operation.  The existence and magnitude of these impacts will be 
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dependent upon several factors, including the project location, installation depth, construc-
tion technique employed, soil type, depth to ground water, transmission line voltage, and 
operating conditions, which are all evaluated during the State agencies' environmental 
review of any proposed transmission line projects in Maryland.

3.2.3	 Impacts	to	Wetlands
Wetlands are among Maryland’s most valuable natural resources.  Tidal wetlands are 
protected by the Critical Area Act (see the Chesapeake Bay discussion in  
Section 3.2.2), and non-tidal wetlands — including wetlands in utility rights-of-way — fall 
under the Non-Tidal Wetlands Protection Act.  Maryland’s overall goal is no net loss of 
non-tidal wetlands acreage or function.  To address this goal, the State requires that any 
unavoidable wetland losses be replaced at least acre for acre.  Greater replacement ratios 
(up to 3:1) are specified for forested wetlands and Wetlands of Special State Concern.  To 
construct a transmission line project in a wetland, the utility must obtain a Letter of Exemp-
tion, a State Programmatic General Permit, or an Individual Wetlands Permit that details 
project-specific conditions from MDE, or the U.S. Army Corps of Engineers, or both.  While 
new routes are usually planned so as to avoid wetlands and forested wetlands, rights-of-
way constructed prior to the Non-Tidal Wetlands Protection Act were less favorably sited, 
and many undesirable wetland impacts exist.

Wetland impacts result when vegetation, soil, or water flow is altered by the transmission 
line right-of-way, either directly or indirectly.  Access roads within wetlands are particu-
larly damaging because fill is used to raise the roadbed above the water table, thereby 
changing both the natural drainage and the soil.  Parts of the wetland that are isolated from 
their water source by the road or associated ditching can dry out.  In addition, invasive 
plants may grow into the wetland on the dry elevated road bed and compete with the 
wetland plants for sunlight and water without proper management practices.  The prefer-
able access for pole placement and line maintenance near wetland areas is via access points 
on either side of the wetland, avoiding direct impacts.  Where upland access is not possible, 
matting can often be placed over the wetland area to minimize damage from equipment 
and activities, without building permanent roads.

Indirect construction and maintenance impacts to wetlands are primarily caused by soil 
disturbance in uplands that allows runoff to convey loosened soil into streams and associ-
ated wetland areas.  Construction noise and dust can also disrupt nearby wetland habitat, 
and should be avoided during critical reproductive periods for the plants and animals that 
make up the wetlands ecosystem.  Subsequent to construction, it is particularly important 
to use only EPA-approved and appropriate herbicides in or near wetland areas, and to 
refrain from mowing or using other equipment within wetlands areas.  Overall, transmis-
sion line construction has the least impacts on wetlands when poles can be placed on high 
ground on either side of a ravine, well away from wetland areas, or in horizontally-bored 
duct banks below the wetland (see Section 3.2.9).

3.2.4	 Impacts	to	Wildlife
A large portion of the transmission line rights-of-way in Maryland is located in unde-
veloped areas that provide abundant wildlife habitat in forests, streams, and wetlands.  
Although many construction impacts are temporary, with original conditions restored as 
much as possible after construction is completed, the long-term habitat alterations often 
continue to affect birds, terrestrial animals, amphibians, and fish.

A transmission line right-of-way through a forested area creates cleared areas within 
unnatural edges that are not desirable habitat for forest interior-dwelling species, and 
often provides a corridor for invasive species that compete with or prey upon native forest 
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species.  The effects are particularly severe near forested streams and wetlands as discussed 
in Sections 3.2.2 and 3.2.3.  There are less drastic impacts in shrub-scrub and agricultural 
areas, but even in these habitats the maintenance of the right-of-way in a mowed state can 
result in a gap between natural habitat patches.  Such gaps can present an insurmountable 
barrier to some species, thereby isolating the populations in the patches.  Even highly 
mobile species may not be able to maintain a coherent population because individuals that 
attempt to cross the cleared area are exposed to a much higher risk of predation than in 
their preferred habitat.  

Forest-interior-dwelling (FID) species are particularly sensitive to the size of the remnant 
patch.  Interior habitat is defined as a contiguous zone of forest that is more than 300 feet 
inside of the edges of the forest area, and is dependent on the shape of the area as well 
as its total size.  Long-term research by the Maryland DNR indicates that interior habitat 
usable by some plant and animal species can exist in forest parcels as small as a couple of 
acres, but sufficient interior habitat to support resident breeding populations of FID birds 
generally requires forest areas on the order of several hundred acres.  According to the 
Natural Heritage Program, the populations of many FID birds are declining in Maryland, 
often because of loss of suitable amounts of forest interior habitat.  Thus, the effect on FID 
species of a transmission line corridor that splits or reshapes the edges of a large forest 
parcel may be significant, and the impact can be drastic in patches smaller than 100 acres 
or in riparian areas.  PPRP and the DNR Wildlife and Heritage Service recommend that 
utility corridors not be placed at all in:  a) contiguous upland forests greater than 50 acres; 
b) riparian forests greater than 300 feet in width that border a stream for at least 600 feet; c) 
riparian forests at least 150 feet wide and connected to a or b; and d) forest patches 10 acres 
or larger and within 300 feet of forest that meet criteria a, b, or c.

Another potential impact of transmission lines is bird collisions and electrocutions.  The 
U.S. Fish and Wildlife Service and the Avian Power Line Interaction Committee (APLIC), 
which included participation by the Edison Electric Institute, have cooperatively developed 
guidelines to help prevent injuries to birds that contact power lines.  The State uses the 
voluntary guidelines, which were released in 2005, to help utilities develop Avian Protec-
tion Plans that meet the specific needs of their facilities, protecting birds from electrocution 
and collisions as well as reducing the likelihood of power outages caused by bird collisions.

3.2.5	 Impacts	to	Threatened	and	Endangered	Species
Most rare, threatened, or endangered species are composed of small populations that 
occupy localized environmental niches that meet their specific life-cycle criteria.  Avoiding 
anthropogenic effects in these locations is the critical step in protecting the species, since 
even small disturbances may place the remaining population at risk.  New transmission 
line corridors are usually an undesirable disturbance, although the changes that have been 
introduced by existing transmission line rights-of-way sometimes create an ideal niche for 
a threatened or endangered species.

For example, eagle nests have been found on transmission line towers (see Figure 3-24).  In 
other places, rare species such as the showy goldenrod (Solidago speciosa) have colonized 
the right-of-way.  If care is used in maintenance or modification of such rights-of-way, 
coexistence with their new, protected inhabitants is possible.  On the other hand, when a 
potential transmission line route in western Maryland was investigated recently, it was 
found to cross a wetland system containing 11 rare, threatened,  or endangered species.  
The wetland, including a sphagnum peat bog and associated meadow with surrounding 
brushy areas and hemlock forest, was a designated Non-tidal Wetland of Special State 
Concern.  The impacts of a new transmission line right-of-way across this wetland would 
be significant.
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The Maryland DNR Wildlife and Heritage Service, Natural 
Heritage Program, maintains inventories of all of the State’s 
designated rare, threatened, and endangered plant and 
animal species, with particular attention to those that require 
special habitat protection to support viable populations.  The 
route of every proposed new or modified transmission line 
is compared against this database to identify all possible 
impacts.  When habitats and approximate areas where rare 
species may be found in the vicinity of a proposed project are 
identified, specific recommendations are made for protecting 
the population and mitigating the impacts, including avoid-
ing disturbances during breeding seasons or migrations, 
controlling hydrology impacts during and after construction, 
controlling and monitoring sediment disturbance, and 
restricting actions or operations that will damage individuals 
of a vulnerable population.

3.2.6	 Impacts	to	Maryland’s	Green	
Infrastructure

The Maryland DNR, through programs such as the Green Infrastructure Assessment, has 
established land conservation strategies to preserve and enhance the State’s ecological 
health.  DNR’s programs assess ecological habitat, coordinate management efforts, and 
acquire natural lands where possible.  DNR’s Green Infrastructure network comprises 
areas of large, contiguous forest habitat – known as hubs – and narrower natural corridors 
that connect the hubs to allow their faunal and floral populations to interact.  

Rights-of-way that are constructed and maintained through Green Infrastructure hubs 
and corridors split them into small, disconnected pieces (fragments), and diminish their 
ability to function as integrated habitat units.  While the area of the removed forest may 
not be great, there may be severe consequences for many species that depend on the hub 
or corridor habitat.  Invasive plants such as Japanese honeysuckle, Asiatic bittersweet, and 
wicker microstegium can grow prolifically in the cleared-edge habitats of transmission line 
rights-of-way and can spread into the forest interior, limiting the growth of native species.  
Careful vegetation management in the right-of-way can mitigate some of these effects.

For existing transmission line rights-of-way that already cut through Green Infrastructure 
habitat, expansions of the right-of-way into the surrounding natural territories are discour-
aged by DNR, and vegetation management plans that enhance the habitat are encouraged.  
Siting new transmission lines within Green Infrastructure network components is regarded 
as a last resort, to be employed only if it is not possible to bypass the Green Infrastructure 
system and align the new transmission line with pre-existing disturbed and degraded 
areas.  In all cases, DNR attempts to ensure that disturbance to the habitat network is 
minimized or mitigated, and that subsequent right-of-way maintenance follows a special-
ized and appropriate plan that enhances the functioning of the ecological network as much 
as possible.

3.2.7	 Impacts	to	Air	Quality
As the population of Maryland and neighboring states throughout the northeastern U.S. 
continues to grow, there is concern that the demand for electricity may outstrip the capabil-
ity of the existing transmission infrastructure and local power plants to provide electricity 
reliably.  Among the actions being taken to ensure adequate supplies of electricity region-
ally is the proposed construction of three new multi-state, high-voltage transmission 

Figure 3-24
Photograph of Eagle’s Nest in Tower
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lines, namely MAPP, PATH, and TrAIL (see Section 2.6.4 for details), that will allow for 
the importation of power from under-utilized power plants in the Ohio River Valley and 
West Virginia.  New transmission capacity could also stimulate construction of new power 
plants within the region.

Concerns have been raised regarding the impact that these new transmission lines will 
have on the distribution of generation in the region.  These concerns are focused on the 
possibility that easier access to transmission into Maryland will result in increased genera-
tion at coal-fired power plants outside of the state, in relation to electricity generation at 
in-state coal-fired plants or at power plants fueled by natural gas.  This shift in generation 
has the potential to increase overall emissions of CO2 and other air pollutants such as SO2, 
NOx, and mercury.  Maryland has actively implemented programs (the HAA) and is par-
ticipating in regional programs (e.g., RGGI) to prevent increases in emissions of CO2 and 
to reduce emissions of SO2, NOx, and mercury.  As part of the CPCN process for these new 
transmission lines, PPRP is evaluating the potential for increased emissions and the effects 
of these increases using two different types of models – the HAIKU model to estimate the 
effect of the transmission lines on future generation, and the CALPUFF model to estimate 
the effects of emissions of SO2, NOx, and mercury on air quality in the state.

3.2.8	 Socioeconomics	and	Land	Use	Issues

Cultural	and	Archeological	Resources

Although two of the proposed high-voltage transmission lines in Maryland will utilize 
existing corridors, others would traverse one of Maryland’s newest CHAs, in addition 
to many other cultural assets in Maryland.  Even within existing corridors, the proposed 
SMECO 230-kV transmission line and the MAPP segment between Chalk Point and 
Calvert Cliffs would be constructed on taller poles with a potentially more expansive visual 
footprint.  While forest stands along these rights-of-way in Calvert County reduce the 
visibility of poles and the SMECO project reduces the number of poles by 30 to 40 percent, 
the adverse effect of transmission line structures on key cultural and heritage resources is 
still an important consideration in the State’s environmental reviews.

Visual effects from transmission lines are varied.  Structures or conductors that are highly 
visible against the sky can block distant views and undermine the aesthetic qualities of a 
landscape.  When located in proximity to domestic or nominal structures, the scale of the 
transmission line can distort the sense of place associated with an area.  When collocated 
with other transmission lines, multiple poles and conductors add clutter to a corridor, 
severely compromising views in that direction.  Visual impact is also a function of the 
scenic values of a landscape.  Transmission lines that cross a blighted landscape may add 
clutter or obstruct views, but have little effect of the landscape’s scenic value.  The opposite 
is true when a transmission line is within a landscape that has a high scenic value.

It is in this context that the State agencies evaluated indirect cultural resource impacts from 
the proposed SMECO Holland Cliff to Hewitt Road transmission line.  Located in southern 
Calvert County and southeast St. Mary’s County, the project would replace existing poles, 
which are primarily made of wood, approximately 65 feet tall, with weathering steel poles 
ranging from 110 to 140 feet.  Where additional clearance is needed, poles would be up to 
160 feet tall.  Although the vertical dimension of the transmission line would increase its 
visibility, span lengths between poles would be greater, reducing the number of structures 
within the corridor by 30 to 40 percent.  

The State's environmental review demonstrated that landscapes along much of the 
transmission line corridor are rural, characterized by low density residential housing, 
agriculture and open space, except where the corridor skirts Prince Frederick and passes 
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through St. Leonard’s Shores and Town Creek, where built environment predominates.  
The transmission corridor passes through two clusters of the Southern Maryland Certified 
Heritage Area, and is proximate to many existing and proposed greenways, trail systems, 
driving and bicycle tours in Calvert and St. Mary’s counties or elements associated with the 
Chesapeake Bay Gateways Network.  Parts of the corridor are near the Captain John Smith 
Chesapeake National Historic Trail or the Star-Spangled Banner National Historic Trail.  
Although the resource values of these cultural entities include a significant visual com-
ponent, the State agencies concluded that key heritage resources would not be adversely 
affected by the project because the visual landscape would be largely unchanged and the 
existing corridor has been dedicated to utility use for more than 50 years.

Other proposed transmission lines in Maryland would occupy new corridors.  PATH, for 
example, cuts through southern Frederick County from a crossing of the Potomac River 
through the C&O Canal National Historical Park upstream from Point of Rocks to Kemp-
town Junction.  The landscape of southern Frederick County contains many key heritage 
resources, including Sugarloaf Mountain and the Carrollton Manor Rural Legacy Area.  
The Heart of the Civil War CHA, a partner in the Journey Through Hallowed Ground 
National Heritage Area, also overlays Frederick County, and some preliminary corridor 
alternatives are proximate to the Monocacy National Battlefield.  In Dorchester County, 
a MAPP corridor will have to negotiate protected lands including the proposed Harriet 
Tubman Underground Railroad National Historic Park.  While landscapes in Frederick and 
Dorchester counties are not pristine, their cultural resource values are still important, both 
from a preservation viewpoint and for the economic benefit of heritage tourism.  

Undergrounding is often touted as a preferred alternative to above ground high voltage 
transmission lines.  While underground cables are less visible, construction impacts, 
particularly on cultural resources can be significantly higher because excavation is far more 
extensive for underground installations.  This was clearly evident in SMECO’s proposed 
Holland Cliff to Hewitt Road transmission line, which includes an underground segment 
through the Navy Recreation Center (Navy Center) in Solomons.

Because the project is subject to both federal and State historic preservation laws and regula-
tions, SMECO commissioned an archeological assessment of the likelihood that archeologi-
cal sites would be affected.  Within the Navy Center, investigators assessed the likelihood 
of adverse effects on known sites on the property by conducting a field assessment of 
alternative routes that SMECO is considering through the Navy Center.  The Navy Center 
has been systematically surveyed for cultural deposits over the years, and several sites have 
been identified, five of which are within or adjacent to the proposed right-of-way.  Quarters 
A, an historic property on the Maryland Inventory of Historic Places, is also located within 
the Navy Center.  MHT has concluded that further consultation between SMECO, the U.S. 
Department of Agriculture (USDA) and MHT will be required to assess potential impacts 
upon archeological resources and historic properties within the Navy Center.  Prior to 
construction, Phase II testing will be required on archeological sites within or adjacent to the 
selected right-of-way through the Navy Center to determine the need for further archeo-
logical work to enable MHT to determine whether the project will have an adverse effect 
upon NRHP eligible sites and recommend appropriate mitigation or avoidance measures.

Visual	Impacts

Construction of transmission facilities invariably changes the character and quality of a 
landscape.  In Maryland, because landscapes are important components of its Heritage 
Area, Greenprint, Rural Legacy and other public and private land conservation programs, 
the overall impact of an energy facility on visual amenity is of concern to PPRP during the 
State's environmental reviews.
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Visual impacts from overhead transmission lines are a concern because, as linear facilities, 
they extend through multiple landscapes.  As such, adverse effects upon views are difficult 
to avoid and mitigate.  Visual impacts from SMECO’s proposed 230-kV transmission line 
between Holland Cliff and Hewitt Road were offset partly by design considerations that 
utilized an existing 69-kV transmission corridor, reduced the number of poles, and under-
grounded the line through the Navy Center at Solomons, Patuxent River and Town Creek 
community in St. Mary’s County.  By routing the line within an existing corridor, landscape 
change was minimized and some near views of poles were eliminated with the reduction 
in the number of structures.  

Still, PPRP evaluated visual effects because the project would replace existing 65-foot wood 
poles, with steel poles ranging from 110 to 140 feet.  Where additional clearance is needed, 
poles would be up to 160 feet tall.  In addition, a transition station, similar to a small 
substation, would be constructed in the Navy Center to transition the transmission line 
from overhead to underground.   

PPRP’s visual assessment allowed the State agencies to conclude that the 230-kV steel 
poles would be more visible than the 69-kV wooden poles because they are taller, but there 
would be fewer structures.  The transition station would be in the existing transmission 
corridor within the Navy Center with restricted public views.  That the existing corridor 
has been dedicated to utility use and a transmission line has been an enduring part of the 
landscape in Calvert and St. Mary’s counties was considered a mitigating factor.  Even 
though the transmission corridor passes through two clusters of the Southern Maryland 
Certified Heritage Area, key heritage resources would not be adversely affected by the 
project.  Nor would the project have an adverse effect of the many existing and proposed 
greenways, trail systems, driving and bicycle tours in Calvert and St. Mary’s counties or 
elements associated with the Chesapeake Bay Gateways Network.  The project would not 
have an adverse effect upon the Captain John Smith Chesapeake National Historic Trail or 
the Star-Spangled Banner National Historic Trail.

Transportation

Electricity generation and transmission differentially impact Maryland’s transportation 
infrastructure.  Transmission line construction is less labor intensive and requires fewer 
materials inputs than the construction of generation facilities.  As a result, transportation 
issues associated with transmission line construction are usually limited to oversize/over-
weight load considerations and temporary road closures during the stringing of overhead 
conductors or trenching for underground cable installation.  While the transportation 
impacts from transmission line operation are minimal, the input requirements (fuel) of 
production facilities and their inevitable waste streams can be significant traffic generators.

Vehicle access to transmission line rights-of-way is often via local roads that can be dam-
aged by heavy vehicles.  Although the SHA requires hauling permits when moving over-
size/overweight loads, permits pertain to State maintained roads and bridges only.  While 
several counties issue hauling permits for local roadways, Calvert and St. Mary’s counties, 
where SMECO’s proposed Holland Cliff to Hewitt Road 230-kV transmission line would 
be located, do not.  Calvert County does require a bond for multi-axle vehicles larger than 
dump trucks traveling over county roads in the event that the road surface is damaged.  To 
mitigate damage to local roads, the State recommended conditions requiring SMECO to 
submit travel routing plans to Calvert and St. Mary’s counties public works departments 
prior to dispatching oversize/overweight vehicles to transmission line staging areas or 
construction sites.
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Land	Use

Land use and land value issues continue to be a major focus of the State's environmental 
reviews.  Maryland’s energy infrastructure overlays economic and programmatic land 
uses, creating the potential for significant use conflicts.  Two transmission line proposals for 
Maryland largely utilize existing corridors, minimizing direct land impact.  This does not 
imply that indirect land use impacts are necessarily negligible.  Construction, expansion or 
modification of generation or transmission facilities can affect the setting or association of 
nearby land uses that may be manifested in changes to their resource or economic value.  
As a result, PPRP’s assessments of land use impacts from the construction and operation of 
generation and transmission facilities are broadly based, encompassing cultural, aesthetic, 
resource and economic values of the land.

This requires a complete inventory of land use designations in the area of potential effect, 
from formal zoning to the many State, local and federal programs that place various 
protections and restrictions on land use.  Protected lands can include agricultural or 
environmental easements, public lands or even cultural designations that have a distinct 
locational component.  An example of the latter is the Maryland Heritage Areas program 
that overlays a thematic element upon distinct geographic areas.  The Civil War Heritage 
Area and the Heart of Chesapeake Country CHA, plus the land use components that define 
them, will be the focus of land use assessments of the proposed PATH and MAPP (Eastern 
Shore) transmission lines.

The adverse effect of transmission lines on residential property values is an issue that has 
been increasingly raised in permitting cases in Maryland.  Although a considerable amount 
of research has been done to examine hazardous facilities, very little has been done in 
associating conventional generating facilities, high voltage transmission lines, and new 
technologies, such as wind farms, to property values.  As a result, residential property 
value impact estimates have lacked the credibility needed to influence public policy deci-
sions related to the siting of energy facilities.

As a consideration in its environmental reviews, PPRP is continuing its focus on property 
value effects from electric transmission facilities through both on-going reviews of pub-
lished literature and sponsored research.  Improved statistical methods and continued data 
mining of MD Property View data is expected to yield additional insight into land value 
impacts from electric generation and transmission facilities.

3.2.9	 Cumulative	Effects
The impacts imposed by transmission line rights-of-way can be distributed over the land-
scape and affect many types of terrestrial natural resources.  Small impacts to a resource 
at several locations can add to a significant overall impact, for example on a forest or a 
watershed.  At sensitive locations, too, small impacts to several different resources (e.g., for-
est, wetland, and stream) can disrupt the overall integrity of the ecosystem.  These additive 
impacts of the right-of-way are called cumulative effects, and are a serious concern where 
ecosystems are near a critical threshold or are already degraded.  Because the health of an 
ecosystem depends on functional interactions between its components, cumulative impacts 
can have a result much greater than a simple tally of the individual impacts would suggest.

Cumulative effects can be assessed in several ways.  The effect of multiple stresses on an 
ecosystem is usually measured in a context that defines a standard for permissible impacts 
or a goal for restoration.  For example, Maryland’s Green Infrastructure network defines 
areas where natural conditions should be maintained or restored, while the Critical Area 
Law restricts development in all sensitive habitats around Chesapeake Bay and its tidal 
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tributaries.  Individual resources, on the other hand, are handled in terms of specific impact 
thresholds or goals.  For example, Maryland has set a “no net loss” standard for forests, 
under the Forest Conservation Act, and for freshwater wetlands, under the Non-Tidal 
Wetlands Protection Act.

Forest clearing in a right-of-way provides an example of the nature of cumulative effects.  
The proposed MAPP project will require expanding the cleared width of approximately 30 
miles of an existing right-of-way in southern Maryland.  Although the additional clearing 
is only 100 feet, and may not have large local consequences, overall it amounts to over 360 
acres of forest.  The permanent removal of this much forest is a significant environmental 
cost of the transmission line right-of-way.

Another transmission line right-of-way in southern Maryland, which was recently evalu-
ated in response to a CPCN application to upgrade the capacity of the line, illustrates the 
multiplicity of impacts that must be considered.  The right-of-way crosses in excess of 20 
streams, at least 14 acres of Chesapeake Bay Critical Area, requires at least 20 poles in or 
near wetlands, fragments forest-interior-dwelling species habitat along its entire length, 
and affects a total of 178.9 acres of Green Infrastructure hubs or corridors.  These statistics 
alone speak to the large and measurable cumulative effects that transmission line rights-of-
way can have on some of Maryland’s most critical natural resources.

3.2.10	 Transmission	Line	Design	Considerations

Vegetation	Management	Alternatives	for	Transmission	Line	
Rights-of-Way

The manner in which a utility manages the vegetation in a transmission line right-of-way 
often affects nearby vegetation, streams, and wildlife.  Guidelines for right-of-way man-
agement practices seek to balance electrical reliability, environmental impacts, and visual 
degradation.

Traditional	Management

Traditional right-of-way management has historically used a simplistic paradigm of clear-
ing all vegetation, reseeding with grasses, mowing frequently, and/or applying herbicides 
to kill shrubs and tree seedlings that invade the right-of-way.  This approach allowed 
easy access to the transmission line, but was frequently detrimental to natural habitats.  A 
cleared right-of-way through a forest acts as a corridor for invasive species and predators, 
and reduces the amount of forest interior habitat that is available.  Where the right-of-way 
is part of a grassland environment, mowing can disturb nesting sites for grassland species 
that depend on tall grass cover during their breeding season.  Some herbicides, if used near 
streams and wetlands, can enter the food chain and have unintended health impacts on 
wildlife.

Guidelines	of	the	Working	Committee	on	Utilities

Over 40 years ago the Working Committee on Utilities of the President’s Council on 
Recreation and Natural Beauty prepared an extensive report on “actions required to assure 
that utility transmission and distribution lines and utility plant sites are compatible with 
environmental values.”  Most of the recommended alternative management practices for 
minimizing the impact of transmission lines remain valid today.  Among the suggested 
practices that are seldom adopted by transmission line owners are the following:
•	 Right-of-way clearing should be kept to the minimum width necessary to prevent interference 

from trees and other vegetation.  Selective tree cutting and removal should be used, targeting 
only trees which could cause damage to the line.
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•	 The right-of-way edges through forests or timber areas should be curved, undulating boundaries, 
not straight "walls" that create a "tunnel" effect.

•	 Small trees and plants should be used to feather the height of the right-of-way vegetation from 
grass and shrubbery near the center to larger trees at the edges. 

NERC	Regulations

Improperly maintained vegetation in a transmission line right-of-way can fall on the lines 
and cause power outages.  The North American Electric Reliability Corporation (NERC), 
operating under the oversight of the Federal Energy Regulatory Commission, develops 
and enforces reliability standards for transmission lines.  The NERC Standard for all 
transmission lines operated at 200 kV and above requires the transmission owners to have 
a formal Transmission Vegetation Management Program document (TVMP).  The TVMP 
must identify and document clearances to be maintained between vegetation and overhead 
conductors, taking into account voltage, line sag under maximum load, and conductor 
sway caused by wind.

The clearance distances to be achieved by vegetation management work are to be based 
upon local conditions and the expected time frame in which the transmission owner plans 
to return for future vegetation management work.  The minimum distances that should 
occur during a management cycle will be those necessary to prevent flashover between 
vegetation and conductors and will vary due to such factors as altitude and operating 
voltage.  The transmission owner’s TVMP should clearly specify these distances for differ-
ent portions of the line, and must include a schedule of inspections based on anticipated 
growth of vegetation and other factors.  

To implement the TVMP, the transmission owner is required to develop a written plan 
describing the annual location-specific vegetation management that will be carried out to 
ensure reliability.  

Current	Practice	in	Maryland

The NERC regulations can be met by the traditional approach, but they do not require it.  
The alternatives suggested in the Guidelines of the Working Committee on Utilities, and 
other advanced techniques, can be implemented as long as the required clearances are 
maintained.  In general, for many locations, most Maryland utilities use uniform, system-
wide practices that may exceed NERC requirements.

State	Conditions	for	Approval

Most Maryland utilities indicate that they now use a combination of selective herbicide 
application and mechanical cutting rather than exclusively one or the other.  To encour-
age the implementation of environmentally friendly maintenance in rights-of-way, PPRP 
has, through its membership in the MERTT Council (see page 108), compiled information 
on innovative practices that reduce adverse effects on local wildlife and plant communi-
ties, such as reduced mowing frequencies.  Several of Maryland’s utilities have adopted 
maintenance programs to improve wildlife habitats in rights-of-way in limited areas.  The 
introduction of desirable species into the right-of-way through “right tree/right place” 
plantings or wildlife habitat enhancement projects is often possible.  Where implemented, 
such programs have created better, more stable habitats for wildlife, and have actually 
saved thousands of dollars in annual maintenance costs.

Some research indicates that planting “connecting corridors” in the right-of-way between 
otherwise separated forest patches could be beneficial as travel corridors for many forest 
species.  Such corridors could consist of native low-growing trees and shrubs that do not 
grow tall enough to present a danger to the overhead transmission lines.  The State agen-
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cies encourage utilities to identify opportunities to create such cross-right-of-way connec-
tions, particularly in areas where the right-of-way fragments habitat used by forest interior 
dwelling species or crosses riparian areas and wetlands.  PPRP continues to research the 
benefits of innovative best management practices for power line rights-of-way vegetation 
management.  

Underground	Transmission	Options

Underground transmission lines have both advantages and disadvantages.  The most obvi-
ous advantages are reduced visual impacts and required right-of-way widths.  Sometimes 
these improvements also coincide with reduced environmental impacts, but in sensitive 
areas burying a transmission cable can be more disruptive than an overhead line.  

Underground transmission lines are generally placed four to five feet underground, in 
pipes, ducts, or buried directly in the earth (as shown in Figure 3-25).  Instead of the wide 
spacing between conductors that is required for overhead lines, the cables are placed closer 
together and insulated to protect the wires from each other and to dissipate heat.  Typi-
cally, individual cables are placed in conduits (made of polyethylene, PVC, or fiberglass), 
and then circuit groups of three cables are set in concrete duct banks several feet wide or 
buried side-by-side in specially prepared soil.  Modern underground cables do not require 
the pressurized liquid or gas insulating and cooling systems predominant in older cable 
types, and thus, have far fewer environmental disadvantages.  Underground transmission 
lines also require periodic above-ground supportive substations, depending on the type, 
capacity, and length of the line.

Underground cables are manufactured in finite lengths that need to be spliced together, 
generally every 900 to 2,000 feet.  Splices may be placed in either permanent concrete vaults 
or temporary vaults that are filled in after construction.  At the ends of underground lines, 
the conductors are connected to above ground lines by means of risers — structures that 
are similar to above-ground transmission line poles, however, are somewhat bulkier.

Because underground duct banks contain the transmission cables in close proximity, the 
right-of-way can be narrower than comparable above-ground lines.  This can be a major 
advantage of underground lines in crowded or sensitive areas.  Although highly dependent 
on the situation, for short distances, right-of-way widths of approximately 20 feet are 
possible, whereas in open country a 30- to 50-foot width is preferred.  Most of this width 
is to permit access for construction and maintenance equipment, since the duct bank itself 
is usually less than 10 feet wide.  The area over the duct banks also has to be secure from 
disturbances that could expose or contact the cable, and tree roots and other belowground 
vegetation must be managed aggressively to avoid interference with the cables and to 
restrict the removal of soil water, which helps cool the cables.

Removing the heat generated during the operation of an underground line is a major 
design consideration.  During normal operation, the core of a modern cable is nearly as hot 
as boiling water, and potentially hotter than that during emergency (overload) conditions.  
The excess heat is dispersed into the soil around the cable, resulting in potential impacts to 
soil flora and fauna.  Soil will conduct this heat energy away from the cable best when it is 
saturated with water and not allowed to dry out — conditions which are particularly easy 
to achieve below rivers and streams or other areas near or below the water table.

Construction of underground transmission lines by trenching and then backfilling may dis-
turb the entire length of the right-of-way (see Figure 3-25).  This can be a disadvantage in 
environmentally sensitive areas, such as wetlands, compared to the limited areas affected 
by overhead tower construction, which can often span sensitive areas.  An alternative to 
avoid disturbance to surface features such as rivers, roads, or cultural features is using 
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horizontal directional drilling, in which the boreholes for the 
duct banks are drilled underground from a well-defined entrance 
point.  A large staging area may be needed around the entrance 
point, however.  The construction method that is used depends 
on several factors, including the thermal properties of the soil and 
the presence of sensitive areas.  The cost of the construction will 
depend on the techniques and materials used, and typically varies 
from slightly more expensive to several times as expensive as 
overhead installations.  Each installation must be evaluated on a 
site-specific basis to determine actual cost.

Underground lines can be a reasonable alternative where 
overhead lines are difficult to place or would create aesthetic or 
environmental issues.  They may be able to be placed along (or 
under) existing road or other rights-of-way, reducing the amount 
of new land disturbance required.  However, underground 
obstacles such as other utilities or sanitary and storm sewers can 
greatly increase the construction costs or create the potential for 
adverse environmental effects, which need to be considered.

Other negative aspects of underground transmission include 
much longer cable repair times if they are damaged, although 
they are generally longer lasting and more secure.  Underground 
transmission lines are protected from many natural or accidental 
events that can take overhead lines out of service.  However, this 
increased reliability is typically offset by a longer repair period.  
While overhead lines can generally be fixed quickly — often 
within hours — damaged underground cables have to be pulled 
up and replaced with new cable segments, which may take 
several days.  The long-term maintenance and repair of under-
ground cables can also be more environmentally disruptive than 
overhead lines.

Electric fields are not an issue with underground transmission 
because soil attenuates the fields quickly.  Underground lines 
also produce lower magnetic fields because the lines are closely 
spaced, allowing cancellation of the fields.  

Newer underground techniques make burial of transmission 
lines a viable alternative in many areas.  It may be reasonable to 
install a portion of a line underground to avoid specific impacts.  
However, every project and location has a specific combination of 
factors that must be considered to determine whether an under-
ground line is suitable or possible. 

Figure 3-25 Modern Underground 
Transmission Line Installation

Source:  ABB, 2008
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Chapter 4 – Energy Policy and 
Technology for a Sustainable 
Future  

Ere many generations pass, our machinery will be driven 
by a power obtainable at any point of the universe.

– Nikola Tesla
"Experiments with Alternate Currents of High Potential and High Frequency," 1892

Our energy future is complex; it is interrelated with a variety of environmental and social 
issues.  This chapter discusses a wide variety of issues related to sustainable energy and 
how Maryland is seeking to craft a more sustainable energy future.  It also puts these sus-
tainable energy efforts within the context of federal initiatives and technological advances.

4.1 Electricity Policies for Sustainability 
Presently, only a small amount of Maryland’s electricity comes from renewable energy 
sources.  Fossil fuels are a finite resource and continuing to rely on fossil fuel generation 
almost exclusively is unsustainable in the long run.  Technological advancements and 
the use of renewable sources are necessary to support sustainable electricity generation.  
Equally important is the implementation of effective energy efficiency and conservation 
measures that reduce the need for additional generation resources.  The State continues to 
evaluate policies that encourage energy innovation, energy efficiency, conservation, and 
renewable resource development.

4.1.1	 Maryland	RPS	
The Renewable Portfolio Standard (RPS) became Maryland law in May 2004.  Electricity 
suppliers are required to purchase a certain percentage of their electricity resources from 
Maryland-certified Tier 1 and Tier 2 renewable resources.  
• Tier 1 renewable resources include fuel cells that produce electricity from other Tier 1 resources, 

geothermal, hydroelectric facilities under 30 MW, methane, ocean, poultry litter-to-energy, 
qualifying biomass, solar, and wind.

• Tier 2 resources include municipal waste-to-energy projects and existing hydroelectric facilities 
over 30 MW.  Tier 1 resources can be used to meet the 2.5 percent Tier 2 standard.

In April 2007, Governor Martin O’Malley signed House Bill 1016 revising the RPS to  
include a specific solar energy requirement.  This requirement starts at 0.005 percent in 
2008 and grows to 2 percent by 2022.  The new legislation increased the total annual Tier 1 
renewable requirement by an amount equal to the solar energy component each year —  
for instance, 2 percent Tier 1 plus 0.005 percent additional solar requirement for the 2008 
compliance year.  House Bill 375 passed during the 2008 legislative session amended the 
RPS regulations by accelerating the renewable requirement, increased the Tier 1 non-com-
pliance penalty, and decreased the eligible facilities geographic footprint (effective 2011).  
The total Tier 1 renewable energy requirement now increases steadily to reach 18 percent 
(without solar) by 2022 and facilities can be in PJM adjacent control areas if the electricity is 
delivered to the PJM region. 
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Figure 4-1 illustrates the renewable shares that are 
required, shown as a percentage of total energy sales 
and increasing over time.  If a supplier does not 
provide the required amount of renewable electricity 
to their customers, it must pay $0.04 for each kilowatt-
hour (kWh) short of the Tier 1 resource requirement 
and $0.015 for every kWh short of the Tier 2 require-
ment.  The noncompliance penalties for the solar 
energy component of the RPS started at $0.45 per kWh 
in 2008 and decrease $0.05/kWh every other year to be 
$0.05/kWh by 2023.  Owners of Maryland solar power 
facilities must first offer their renewable energy credits 
for sale to a local electricity supplier, for a minimum 
contract term of 15 years, under the solar RPS legisla-
tion.  Facilities with generating capacity of 10 kW or 
less will receive upfront a lump sum payment for the 
estimated output over the life of the contract. 

The PSC is charged with ensuring compliance with the RPS and certifying eligible facilities. 
Certifying a renewable energy facility requires due diligence in determining whether each 
facility meets the standards set forth in the Maryland RPS Program.  To qualify, the facility 
must operate within the PJM footprint, a PJM adjacent state, or a PJM adjacent control area 
if the electricity is delivered into PJM, and must be classified as a either a Tier 1 facility or 
Tier 2 facility.  As of the end of 2008, there were 174 renewable energy facilities certified 
with the Maryland RPS Program providing over 5,700 MW of capacity in 13 states (see 
Table 4-1).  

Figure 4-1 Maryland RPS Summary
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Table 4-1 Maryland RPS Certified Capacity in MW

 Tier 1 Tier 2

Facility 
Location

Biomass (Black 
Liquor)

Biomass 
(Wood)

Landfill 
Gas Hydro Solar Wind Hydro

Municipal 
Solid Waste Total

Maryland 65  6.7 9.6 0.03  474 223.2 778.6

Delaware         0

Illinois   78.3   518.4   596.7

Michigan 67.1 109.3 36.2      212.6

New Jersey   34.5     59 93.5

New York   40 494.5   150.9  685.4

North Carolina  50 5.3 5   112  172.3

Ohio 92.8 16.5       109.3

Pennsylvania 109.7 16.2 108.2 42.7  198.5 352.1  827.3

Tennessee   3.2     84.7 87.9

Virginia 89.6 94.9 14.2 7.5    60 266.2

West Virginia    6  494 168.8  668.8

Wisconsin   27.7       

Iowa   705   200   905

Indiana      300   300

Total 424.2 286.9 1,059.3 565.3 0.03 1,710.9 1,257.7 426.9 5,703.6
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Table 4-2 Maryland RPS Compliance

Utility

RPS Obligation RPS Compliance Submissions

Tier 1 Tier 2 Tier 1 RECs Tier 2 RECS Compliance Fee

2006 520,073   1,300,201 552,874  1,322,069 $38,209 

2007 553,612  1,384,029 553,374  1,382,874 $6,374 

2008 1,183,400 

Solar 

1,479,300 1,184,500 

 Solar RECs 

1,569,000 $ 1,236,000 2,900 227

The first compliance year was 2006 and electricity suppliers were required to submit the 
compliance reports by April 1, 2007.  For all years thereafter, compliance reports must be 
submitted by April 1 of the following year.  For 2006 and 2007 almost all Maryland electric-
ity suppliers were in compliance.  Table 4-2 shows the aggregate supplier obligation and 
the REC or fees submitted.

The 2008 RPS compliance year is the first year with a solar energy requirement (0.005 
percent).  As can be seen from Table 4-2, most suppliers opted to pay the solar compliance 
fees, resulting in revenues to the state of $1.236 million.  This was partly due to a lack of 
available solar RECs as very few solar facilities had made it through the RPS approval 
process.  Several new solar facilities have been approved by the PSC recently and the pace 
of solar development has been increasing in the area, which may increase the availability of 
solar RECs for the 2009 compliance year.

Federal	RPS	Proposals

For several years, federal legislators have been expressing interest in creating a national 
RPS where a set percentage of all electricity produced and sold in the U.S. will be required 
to come from federally mandated renewable resources.  Most recently, three bills have been 
introduced in 2009 aiming to establish a national-level renewable energy requirement.

In January 2009, Natural Resources Committee Chairman Jeff Bingaman (D-NM) released 
draft discussion legislation that would require utilities to obtain 20 percent of their elec-
tricity generation resources from renewables by 2021.  In February 2009, Representatives 
Markey (D-MA) and Platts (R-PA) introduced H.R. 890, the American Renewable Energy 
Act, which would require electric utilities to obtain 25 percent of electric energy needs from 
renewable sources by 2025.  Later in February 2009, Senator Tom Udall (D-NM) introduced 
a third RPS bill (S.433) that also requires utilities to obtain 25 percent of their electricity 
requirements from renewables by 2025.  Senator Udall’s legislation, however, exempts 
all municipal retail electric suppliers and rural electric cooperatives.  And, on April 1st, 
Chairman Henry Waxman of the Energy and Commerce Committee and Chairman 
Edward Markey of the Energy and Environment Subcommittee and Select Committee on 
Global Warming released a discussion draft of the American Clean Energy and Security Act 
of 2009 (ACESA).  ACESA is primarily a climate change bill that aims to create a national 
greenhouse gas cap-and-trade program but also contains an RPS provision.  In June 
2009, the House passed the ACESA.  Table 4-3 outlines the main points of the bills being 
considered.

These bills set requirement amounts similar to the existing Maryland RPS legislation.  The 
Maryland RPS requires that retail suppliers of electricity provide 18 percent from Tier 1 
renewable resources and 2 percent solar by 2022.  The federal legislation however, does not 
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contain a solar set-aside and would not include the small retail suppliers currently included 
in the Maryland RPS.  Additionally, the federal definition of biomass would exclude the use 
of black liquor, a resource category that is substantially utilized by Maryland retail suppli-
ers to meet their RPS compliance obligations.

Federal RPS legislation has been introduced in past sessions and faced considerable opposi-
tion.  Some of the issues being expressed with respect to this year’s legislation include:
• The bills give the U.S. DOE full control over the RPS and do not require cooperation with state-

level agencies.
• The bills do not address the differences between states with respect to the amount and quality of 

renewable resources available in their respective jurisdictions.  Some states do not have adequate 
renewable resources to meet a federal RPS and will be forced to rely on renewable energy credit 
purchases from other jurisdictions, a situation that could create winning and losing states.

•	 The	nation’s	transmission	grid	will	need	significant	upgrading	to	be	able	to	integrate	such	large	
amounts of variable renewable resources.  The bills do not discuss how adequate transmission 
infrastructure will be enabled to allow the federally mandated level of renewable resources on  
the grid. 

• Existing state-level RPS programs vary greatly in their requirements.  The federal bills do not 
discuss how the federal requirements would be harmonized with states that have a renewable 
energy requirement in excess of the level contained in federal legislation.

4.1.2	 Demand	Side	Resources
With the move to retail competition and electricity restructuring, Maryland investor-owned 
utilities phased out nearly all of the demand side management programs that character-
ized utility resource plans throughout the late 1980s and early to mid-1990s.  The view of 
most utilities and the PSC was that the newly developed retail electricity supply market 
would include a range of energy efficiency and demand side management initiatives as 
part of suppliers’ competitive service offerings.  However, below-market retail electricity 
prices and low rates of customer switching provided few incentives for the development of 
demand side service offerings on the part of retail electricity suppliers.  The rise in electric-
ity prices and increasing concerns over electric supply adequacy has spurred new interest 

Table 4-3 Federal RPS Legislation in the 111th Congress

Provision Bingaman S. 1462 Markey-Platts H.R. 890 Udall S. 433 Waxman-Markey H.R. 2454

Required Annual 
Percentage of Renewable 
Generation

4% in 2011
8% in 2015
16% in 2020
20% in 2021-2039

6% in 2012
8.5% in 2015
17.5% in 2020
25% in 2025-2039

6% in 2012
8.5% in 2015
17.5% in 2020
25% in 2025-2039

6% in 2012
9.5% in 2015
20% in 2020
20% in 2021-2039

Regulated Entities: 
minimum generation 
threshold

All electric utilities that sell 
more than 4 million MWh 
annually. Hawaii is exempt.

All electric utilities that sell more 
than 1 million MWh annually.

Privately owned utilities that 
sell more than 1 million MWh 
annually. Hawaii is exempt.

All electric utilities that sell 
more than 1 million MWh 
annually.

Eligible Renewable 
Energy Sources

Wind, solar (not solar 
thermal), geothermal, 
biomass, landfill gas, ocean 
energy, and incremental 
hydropower.

Wind, solar (not solar thermal), 
geothermal, biomass, landfill 
gas, marine and hydrokinetic, 
and qualified hydropower.

Wind, solar (not solar thermal), 
geothermal, biomass, landfill 
gas, ocean, tidal, other 
hydrokinetic, and incremental 
hydropower.

Wind, solar, geothermal, 
biomass, landfill gas, marine 
and hydrokinetic, fuel cells.

Alternative Compliance 
Payment

3 cents/kWh (adjusted for 
inflation)

The lesser of 200% of the average 
market value of a renewable 
energy credit or 5 cents/kWh 
(adjusted for inflation).

The lesser of 200% of the 
average market value of a 
renewable energy credit or 
3 cents/kWh (adjusted for 
inflation).

The lesser of 200% of the 
average market value of a 
renewable energy credit or 
5 cents/kWh (adjusted for 
inflation).

Source: Solar Energy Industry Association and NREL, “Federal RPS Bill Comparison,” Webinar presentation, April 7, 2009.
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in developing demand side resources in Maryland.  Maryland utilities, the PSC, and State 
agencies have been actively pursuing demand side strategies for the last two years.  As a 
result, demand side management has been utilized as a resource in the PJM auctions (see 
Appendix B for further information).

EmPOWER	Maryland

In July 2007, Governor Martin O’Malley announced a new energy initiative called 
EmPOWER Maryland with a goal of reducing Maryland’s per capita energy consumption 
and peak demand by 15 percent by 2015.  This initiative was encoded into law in 2008 with 
House Bill 374, the EmPOWER Maryland Energy Efficiency Act of 2008 (EPM Act).  The 
EPM Act requires the utilities to develop and implement cost-effective energy efficiency 
and conservation measures and demand response plans to achieve electric consumption 
and peak demand reductions on the following schedule:
•	 Per	capita	electricity	consumption:		five	percent	reduction	by	the	end	of	2011	and	10	percent	by	

the end of 2015, from 2007 levels.
•	 Per	capita	peak	demand:		five	percent	reduction	by	the	end	of	2011,	10	percent	by	the	end	of	2013,	

and 15 percent by the end of 2015, from 2007 levels.

The EPM Act requires that programs contained in the utility plans be cost effective and 
for the impact of programs on “low-income communities” and “low-to moderate-income 
communities” to be specifically considered and evaluated.  The EPM Act directs utilities to 
develop plans for all customer sectors — residential, commercial, and industrial.  The PSC 
is directed to consider whether each program is cost-effective and adequate to achieving 
the EMP goals, and also to assess the program’s potential impacts on electricity rates, jobs, 
and the environment.  The PSC and utility programs are responsible for 10 percent of 
the consumption goal, with the remaining five percent reduction in per capita electricity 
consumption to be achieved through the State-administered programs and changes to 
codes and standards.  Additionally, the initiative contains several measures to help State 

How the RPS Footprint Will Change Starting in 2011
The Maryland RPS defines an eligible resource 
as renewable energy facilities located in the 
PJM Interconnection region or in a state that 
is adjacent to the PJM Interconnection region. 
This broad geographic footprint includes 
16 states and the District of Columbia. The 
Maryland General Assembly made changes 
to the Maryland Renewable Energy Portfolio 
Standard in 2007 to shrink the geographic 
footprint to include resources located within the 
PJM Regional Transmission Organization. This 
change comes into effect on January 1, 2011. 
This policy is more consistent with the RPS 
policies of other PJM states and serves to better 
direct investment in renewable energy resources 
to those facilities located within the electricity 
network serving Maryland. Resources outside of 
PJM may still contribute to the RPS policy, but 
only if the electricity is delivered into the PJM 
system. The map to the right demonstrates the 
impact of the change to the RPS statute which 
becomes effective January 1, 2011. 

Original RPS Footprint
PJM Footprint
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government reduce its own power consumption 15 percent by 2015, such as 
improving building operations, expanding the use of Energy Performance 
Contracting, purchasing ENERGY STAR products, and expanding the State 
Agency Loan Program and the Community Energy Loan Program to pro-
vide additional loans for state and local agencies to fund energy efficiency 
and conservation activities.

EmPOWER	Maryland	Utility	Energy	Efficiency	and	
Conservation	Programs

The utilities have been developing energy reduction plans and submitting 
them for approval with the PSC.  The PSC has conducted an extensive 
review of these plans to ensure they are cost effective and contain methods 
for reducing impacts on low-income customers.  The first programs were 
approved in August 2008, with most of the others gaining approval in 
December 2008.  A few additional programs are still under consideration as 
the utilities continue to conduct cost and impact analyses.  The programs 
being offered by utilities mainly take the form of rebates for ENERGY STAR 
products, energy audit and retrofit assistance, and incentives for energy 
efficient new construction.  All of the utilities offer some form of rebate 
program for purchasing CFLs, energy efficient refrigerators, and room air 
conditioners.  Some of the programs include rebates for other appliances 
such as water heaters, clothes washers, and heat pumps.  Rebate programs 
for central heating and cooling systems are also being offered.  All of 
the utilities have been directed to include a series of programs targeting 
low-income consumers.  Low-income programs generally include most 
of the residential programs offered to all customers but are delivered to 
low-income consumers on a reduced or no-cost basis.  Table 4-4 shows the 
programs being offered by the utilities and the percentage of each utility’s 
EMP Act energy reduction goals the programs are expected to achieve.

EmPOWER	Maryland	–	Maryland	Energy	
Administration	Programs

The Maryland Energy Administration is also sponsoring several pro-
grams to help meet the EMP Act goals. MEA’s administers the following 
programs:
•	 Home	Performance	with	ENERGY	STAR	program	–	trains	and	certifies	con-

tractors to perform energy audits and install whole-house energy improvement;
•  Green Building Tax Credit – provides a tax credit of up to eight percent of the total cost for 

constructing	a	certified	green	building;
•	 State	Agency	Loan	Program	–	provides	loans	to	State	agencies	for	cost-effective	energy	efficiency	

improvements in State facilities; and
•	 Jane	E.	Lawton	Conservation	Loan	Program	–	provides	loans	to	local	governments,	nonprofits,	

and businesses in the state to install energy conservation improvements.

EmPOWER	Maryland	Utility	Demand	Response	Programs

Demand response activities can change how energy is utilized in order to make more 
efficient use of existing resources.  This can involve installing automated control systems to 
turn out lights, power down equipment when it is not in use, and cycling air conditioners 
and heaters on and off.  This can also consist of changing the patterns of energy use, such 
as shifting some activities from peak times to a time when energy is less in demand overall 

EmPOWER Maryland 
at the Department of 
Agriculture
In September 2008, the Maryland Department 
of General Services (DGS) announced an energy 
efficiency performance contract that will save the 
Maryland Department of Agriculture (MDA) more than 
$4.36 million over 14 years. The project for the Wayne 
A. Cawley, Jr. headquarters building in Anne Arundel 
County will include lighting retrofit upgrades, water 
conservation retrofits, building envelope improve-
ments, renewable technology, HVAC upgrades, direct 
digital controls, facility maintenance services, and 
measurement and verification services.

The project will be funded through energy-related sav-
ings as MDA’s headquarters building implements mea-
sures to provide approximately a 31 percent reduction 
in utility costs. In addition, the project will reduce 
green house gases including 2.98 million pounds of 
carbon dioxide or the same amount of CO2 emitted by 
powering 120 homes, within the life of the contract. 
Energy Performance Contracts provide another tool 
in meeting the requirements of the State Buildings 
Energy Efficiency and Conservation Act (2006-Senate 
Bill 267) which requires DGS, in cooperation with 
the Maryland Energy Administration, to set specified 
energy performance standards requiring a five percent 
reduction of energy consumption in State buildings by 
2009 and 10 percent by 2010.
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(off-peak periods).  A survey of U.S. demand response programs completed by FERC in 
2008, indicates that approximately 8 percent of electricity customers in the country are 
participating in some kind of demand response program.  FERC estimated that the total 
potential contribution from demand response programs was 41,000 MW, about 5.8 percent 
of U.S. peak demands.1 

PJM Interconnection runs several demand response programs that provide incentives for 
customers to reduce their load.  Demand response in PJM is utilized as a supply resource 
in the same way generators are.  PJM members that act as demand response providers are 
called curtailment service providers (CSP).  Customers can act as their own CSP or sign 
with another CSP that can bid load reductions into PJM markets.  CSPs can participate as 
a capacity resource in the capacity markets and can bid load reductions into the energy 
markets, both for reductions needed during emergency events or reductions in response 
to high prices (economic events).  There has been substantial growth in the participation of 
demand response resources in PJM programs.  On June 9, 2008, the 2008 peak demand day, 
the following demand response resources were available:
• 4,440 MW were eligible for capacity credits;
• 1,900 MW were eligible for energy payments in the emergency program; and

Table 4-4 Maryland Utility Energy Efficiency and Conservation Programs

Residential Programs: Allegheny Power BGE Delmarva Power Pepco

CFL Rebates 4 4 4 4

ES Refrigerator Rebates 4 4 4 4

ES Appliance Rebates 4 4

ES Water heater Rebates 4 4

Room Air Conditioner Rebates 4 4 4 4

Heat Pump Rebates 4

HVAC Rebates 4 4 4

Home Energy Audits 4

Home Performance with ES 4 4 4 4

New Construction 4

Low Income Program 4 4 4 4

General Awareness Program 4 4 4 4

Commercial  and Industrial Programs:

Lighting Fixture Rebates 4 4 4 4

AC Rebates 4 4 4

Heat Pump Rebates 4 4 4

Building Re-Commissioning Incentives 4 4 4

Retrofit Incentives 4

Small Business, Audits & Incentives 4

Motor & Equipment Rebates 4 4 4

Custom Business Flexible Rebates 4 4 4 4

2011 EMP Energy Target Projected to Achieve 90% 52% 55% 67%

2015 EMP Energy Target Projected to Achieve 93% 63% 61% 66%

Source: Maryland PSC, Utility EmPOWER Maryland filings. 
Note: ES = ENERGY STAR

 1 FERC, “Assessment of Demand Response & Advanced Metering,” Staff Report, December 2008.
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• 2,290 MW were bid into the economic program.

The successful implementation of demand 
response initiatives will help to reduce the peak 
demand of the PJM electricity markets, reducing 
hours with high spot market prices and contribut-
ing to an overall reduction in wholesale and retail 
electricity prices.  Additionally, reducing peak 
demand in Maryland, and system-wide, may 
reduce the need for investments in power plants 
primarily used during peak demand.  The EMP 
Act directed utilities to reduce per capita peak 
demand by 15 percent by the end of 2015, from 
2007 levels.  The utilities have been implementing 
the following programs to meet these goals. 

Baltimore Gas & Electric (BGE):
• Peak Rewards – an automatic air conditioner 

and/or heat pump cycling program for residential customers. 
• Interruptible Load for Reliability – a program where BGE acts as the CSP for large customers to 

participate in PJM regional demand response programs.
• Time of Use Rates – commercial and industrial customers can sign up for rates that vary by time 

of day, week, and season.
• Advanced Metering Infrastructure Pilot was completed in 2008, and full deployment is now 

under consideration.
• BGE has estimated it will achieve 232 percent of the 2011 EMP Act peak demand reduction goal 

and 138 percent of the 2015 goal.

Potomac Electric Power Company (Pepco) and Delmarva Power:
• Residential Air Conditioner Direct Load Control – air conditioner cycling for residential 

customers.
• Non-Residential Air Conditioner Direct Load Control (pending) – air conditioner cycling for 

small commercial, government, and institutional customers.
• Internet Platform Program – where Pepco or Delmarva act as a CSP for large customers to 

participate in PJM demand response programs.
• Advanced Metering Infrastructure deployment and Smart Community Program are under 

consideration.
•    Pepco estimates it will achieve 151 percent of the 2011 EMP peak demand reduction goal and 

108 percent of the 2015 goal.
• Delmarva will achieve 125 percent of the 2011 EMP Act peak demand reduction goal and 99 

percent of the 2015 goal.

Allegheny Power:
• Advance Utility Infrastructure Program – a combined advanced metering and demand response 

program still under consideration by the PSC. 
• Allegheny estimates it will achieve 72 percent of the 2011 EMP Act peak demand reduction goal 

and 53 percent of the 2015 goal.

What is Demand Response?
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4.1.3	 Distributed	Generation
Distributed generation (DG) is defined as generating resources located close to or on the 
same site as the facility using the power.  This includes both facilities that are not connected 
to the grid, and those that are tied into the grid to allow the sale of electricity in excess of 
on-site requirements.  On-site generators with capacity less than 373 kW are not required 
to apply to the PSC for a CPCN.  In addition, certain generators are eligible to seek a CPCN 
exemption:
• Facilities with a capacity of less than 70 MW, consuming at least 80 percent of the electrical 

output on-site; and 
• Facilities less than 25 MW in capacity, consuming at least 10 percent of the electrical output 

on-site.

Distributed generation resources can include renewable resources such as small wind 
installations, small hydro, and increasingly, solar PV facilities.  The Maryland RPS solar 
power requirement along with the incentives offered by MEA is increasing the number of 
small-scale PV facilities being constructed in the state.  Small-scale PV can help the State 
meet its energy supply needs and provide significant co-benefits through reduced air and 
carbon emissions.  Solar resources in Maryland are discussed in greater detail in Section 
2.1.3 (on page 21).

At present, the majority of distributed generation facilities are diesel-fired emergency 
back-up generators, and they are mostly too small to require CPCNs.  An examination of 
MDE and PSC data on permitting and CPCN exemption applications, along with regional 
surveys and market studies suggest that there may be upwards of 3,000 emergency genera-
tors in Maryland.  Locations include government facilities, hospitals, colleges and universi-
ties, commercial and industrial facilities, telecommunications installations, and farming 
operations.  The generators range in size from 20 kW to multi-unit 40,000 kW installations, 
though most seem to fall in the 100 kW to 2,000 kW range.

Most on-site systems are used to supply emergency power, but there are instances where 
these emergency units can be operated as part of load management and load response pro-
grams, which has led to concerns that this might adversely affect air quality in Maryland.  
Most of Maryland is still a non-attainment area for the regional 8-hour ozone standard and 
the Maryland State Implementation Plans for bringing Maryland into compliance by 2009 
do not specifically target distributed generation resources.  Ozone-forming nitrogen oxides 
(NOx) and volatile organic compounds (VOCs) come from a variety of sources classified as 
point sources, area sources, on-road mobile sources, or non-road mobile sources.  Distribut-
ed generation resources are too small to be classified as point sources and would therefore 
be captured as parts of area sources if they are counted at all.

PJM Interconnection offers opportunities for DG owners to participate in demand response 
programs, which is often done through CSPs (often their local utility) that aggregate many 
small DG units under one demand response bid.  Some facilities, mainly government 
buildings, universities, and hotels are participating in PJM demand response programs, but 
mostly they reduce load rather than use their emergency generators.  Some poultry farms 
and large telecommunications facilities, however, are participating in demand response 
programs by utilizing their generators.  PJM demand response data indicates that in 2008 
only a relatively small number of DG sites (Table 4-5) were involved and called upon by 
PJM to curtail load only a few times.  
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Table 4-5 PJM Demand Response Participants, 2008

Zone

Demand Response Sites and Sizes

Number of Sites Total MW of DR Avg. Size of Each (MW)

APS 23 43.6 1.9
BGE 322 522.7 1.6
DPL 40 27.3 0.7
Pepco 110 52.7 0.5
Total 495 646.3 1.3

Source: PPRP, Distributed Generation in Maryland

The majority of emergency generators seem to be used for true emergencies, when the 
power supplied from the electric grid is unexpectedly interrupted due to inclement 
weather or other uncontrollable circumstances.  These engines are likely to be used only a 
few times each year as required to provide emergency power supply and for maintenance 
and servicing of the engine.  However, there is growing interest among generator-owners 
to capitalize on their investment by participating in one or more demand response pro-
grams where use of emergency generators may be more regular.

Net	Metering	and	Interconnection	Standards

Net metering refers to a billing arrangement where 1 kWh generated by a customer’s 
on-site DG system is worth the same amount as 1 kWh of grid electricity consumed by the 
customer.  When the customer’s DG facility is producing more electricity than the cus-
tomer is using, that excess electricity is fed back into the grid.  At the end of each month, a 
customer’s bill will reflect the net electricity use, which equals electricity consumed minus 
electricity fed to the grid.  Interconnection standards are the technical rules a customer 
must follow to connect a generation facility to the electric grid.  FERC has jurisdiction over 
large generation facilities that connect to the transmission system, which are generally 
those over 20 MW in capacity.  Smaller DG facilities, however, generally connect to the 
distribution system and are therefore regulated by the State.  Net metering is also regulated 
by states and most often restricted to facilities with a capacity of 2 MW or less.

The Energy Policy Act of 2005 (EPAct 2005) directed state utility commissions to consider 
and determine whether it was appropriate or not to implement a set of interconnection 
standards that were set forth in Section 1245.  In response, the PSC initiated Case No. 9060 
to develop a set of interconnection standards appropriate for Maryland.  In April 2007, the 
Maryland Legislature enacted Senate Bill 595, Electricity – Net Energy Metering – Renew-
able Energy Portfolio Standard – Solar Energy (SB 595).  Among other things, SB 595 
revised net- metering rules and required the PSC to devise interconnection standards for 
DG.  As a result, the interconnection standards already in development due to EPAct 2005 
were finalized and subsequently adopted in March 2008.

Maryland’s net metering rule has the following characteristics:
• Facilities eligible for net metering must use the following resources:  PV, wind, biomass, anaero-

bic digestion;
• All customer classes can participate but individual facility size is limited to 2 MW;
• Statewide enrollment is limited to 1,500 MW at any one time;
• Net energy generated is rolled over to the next billing period, but any excess remaining at the end 

of a 12-month period is granted to the utility; and
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• Customers retain possession of the RECs generated by their facility. 

Maryland’s interconnection standards are as follows:
• The standard interconnection agreement applies to all technologies and resources for all customer 

classes up to a capacity limit of 10 MW for each individual system.
•	 Contains	four	levels	of	standards	based	on	facility	size,	with	expedited	and	simplified	reviews	

available for smaller systems with capacities of 10 kW or less, and 2 MW or less, conditional on 
their meeting certain technical requirements.2 

4.1.4	 Green	Power	Programs
In recent years, Maryland has purchased green power resources as part of its electricity 
procurement process.  The motivation for the initial green power procurement came as 
a response to a 2001 executive order to set a goal of six percent green electricity for state 
facilities. In July 2006, the goal was revised and the State committed to obtaining 10 percent 
of its electricity supply from Tier 1 resources.  From 2002 to 2007, the Maryland Department 
of General Services (DGS) obtained a portion of their energy supply from green power 
sources through their competitive auctions (see Table 4-6).  For the 2009 auction the DGS 
relied on the winning suppliers meeting their renewable RPS requirements. On December 
8, 2009 Governor Martin O’Malley announced that in partnership with the University 
System of Maryland, the state would be purchasing renewable energy from four projects 
being awarded contracts through the Generating Clean Horizons initiative. The University 
System of Maryland’s Board of Regents and the DGS recently approved the awards for the 
renewable energy projects, which will provide almost 23 percent of the institutions and 
state agencies annual electricity needs. The awards, in the form of 20-year power purchase 
agreements, are for the following:
• All of the output from a 55-MW wind facility being planned near Keyser, West Virginia by US 

WindForce of Greensburg, Pennsylvania. 
• Most of the output (13.5 MW) of a 14.5-MW solar project that Constellation Energy Group is 

planning to build on the Mount St. Mary's University campus near Emmitsburg, Maryland. 
The	$60	million	project	will	consist	of	thin-film	photovoltaic	cells	on	100	acres	leased	from	the	
university, which will be buying the remaining capacity. 

• Up to 55 MW from an offshore wind facility that Bluewater Wind, a unit of Princeton, New 
Jersey-based NRG Energy Inc., plans to build off the coast of Delaware.  Bluewater Wind has 
indicated this project could potentially be built up to 600 MW total capacity. 

2  For more information on interconnection standards see Maryland Standard Small Generator Inter-
connection Rule, available on the PSC website.

Table 4-6 State Green Power Purchases

Contract Start Date
Length 

(months) Territory
Total MWh/year 

Purchased
MWh/year of 
Green Power

Percent of 
Total

July 2002 24 BGE 1,600,000 96,000 6

October 2003 29 Conectiv 106,000 6,400 6

July 2004 24 BGE 862,000 112,000 13

January 2007 24 All 1,479,000 3,900 0.3

June 2009 36 BGE, Pepco 950,000,000 * *

June 2009 24 Allegheny, BGE, Delmarva, Pepco 500,000,000 * *

* For the 2009 auction, DGS required only that the suppliers meet their Maryland RPS obligations.

Source:  Communications with Maryland Energy Administration and Department of General Services, August 2009.
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• A separate award under a small business provision will be made to Annapolis-based Synergics 
Group for 10 MW of its 50-MW Roth Rock wind facility planned atop Backbone Mountain in 
Garrett County, Western Maryland.

County	Green	Power	Purchases

In January 2004, Montgomery County issued a Request for Proposals (RFP) for the “Supply 
of Electricity and Related Services for Montgomery County and County and Bi-County 
Agencies and Jurisdictions.”  In addition to addressing electricity supply for most county 
facilities, the RFP covered several local towns and cities, the Washington Suburban Sanitary 
Commission, and the Maryland National Park and Planning Commission.  The County 
specified that the successful bidder must deliver wind generation to the PJM grid.  The 
RFP also required that all environmental attributes related to the wind power, including 
any NOx certificates or allowances, be transferred to Montgomery County and its partners.  
Washington Gas Energy Services was selected as the winning bidder, sourced from the 
66 MW Mountaineer Wind Energy Center in Thomas, West Virginia.  In 2006, the County 
increased its share of wind energy to 10 percent, now purchasing approximately 35 percent 
of Mountaineer’s yearly output, and set a goal of reaching 20 percent wind power by 2010.  
In March 2009, Montgomery County issued an RFP for RECs for the Group (Table 4-7) 
for years 2008 and 2009.  RECs can be generated in the United States from the following 
eligible resources – wind, solar, geothermal, tidal ocean energy, and other clean renew-
able energy resource which produces zero emissions and meets the definition of a Tier 1 
Resource under the Maryland RPS.  Table 4-8 shows the Montgomery County purchasing 
group’s aggregate wind energy and REC purchases.

Table 4-8 Montgomery County Group Wind Purchases

Contract Start Date
Length 

(months) Total MWh/year
MWh/year Wind 

Power Percent of Total
July 2004 12 768,000 38,412 5 percent

August 2005 12 817,000 40,845 5 percent

September 2006 24 860,000 55,578 10% for Montgomery County 
and some other participants, 5% 

for others

Table 4-7 Montgomery County Group Participants and Desired RECs 
from RFP

Participant 2008 RECs 2009 RECs

Montgomery County, Maryland 26,422 27,950

Montgomery County Public Schools 32,250 32,250

Montgomery College 5,258 5,420

Maryland-National Capital Park and Planning Commission 7,995 8,100

Prince Georges County Community College 1,813 2,719

Member Towns & Cities 3,851 4,456

Total RECs Purchased 77,589 80,895

Source:  Montgomery County RFP.
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Montgomery County has also created an incentive 
mechanism for consumers to purchase green power 
called the Clean Energy Rewards program.  This program 
offers a rebate of 1 cent per kWh to residents and 1.5 cents 
per kWh to businesses and organizations for purchases of 
eligible renewable energy.

4.1.5	 Transmission	Planning	and	
Renewable	Resources

Renewable energy sources are typically located in areas of 
significant distance from the populated load centers with 
high energy demand.  Because of this, the transmission of 
renewable energy is a particularly controversial issue in 
the U.S., and especially in the Mid-Atlantic region.  

In April 2009, 17 bulk power planning authorities in 
eastern North America, including the regional transmis-
sion organizations in the Eastern Interconnection (PJM, 
Midwest ISO, ISO New England, Southwest Power Pool, 
and New York ISO) met in Atlanta, Georgia, to discuss 
coordinated transmission planning for the entire Eastern Interconnection.  The participants 
agreed to jointly form an Eastern Interconnection Planning Collaborative (EIPC) that will 
function in a manner similar to the Western Electric Coordinating Council, which coordi-
nates regional planning for the Western Interconnection.  Among the topics discussed at 
the meeting was the development of transmission systems to link remote regions rich in 
renewable resources to urban and industrial areas with high electricity demand.  This could 
include developing a high-voltage transmission overlay consisting of multiple 500-kV or 
765-kV AC or DC transmission lines that would transmit electricity through multiple states.  
Proposed projects that the EIPC could potentially help facilitate include: 
• Joint Coordinated System Plan:  a conceptual regional transmission and generation system plan 

for a large portion of the Eastern Interconnection that includes a scenario where twenty percent 
of the energy demand is met with wind energy by 2024. 

• Southwest Power Pool’s Extra-High Voltage Overlay Plan:  a transmission plan designed to 
tap into approximately 20 GW of wind energy in Kansas, Oklahoma, Missouri, New Mexico 
and Texas with plans to export renewable energy into neighboring systems such as PJM and the 
Midwest ISO.

• Green Power Express:  proposal to build approximately 3,000 miles of 765-kV transmission lines 
across North Dakota, South Dakota, Minnesota, Iowa, Wisconsin, Illinois, and Indiana. 

• Pioneer:  a proposed 240 mile, 765-kV line that will interconnect PJM and the Midwest ISO 
facilitating the interconnection of wind power facilities in central Indiana and the transfer of 
wind power to Midwest load centers such as Indianapolis.  FERC approved incentive rates, 
including a 200 basis-point adder to the return on equity, for the Pioneer Project in March 2009, 
prior to the project’s approval in the regional transmission planning process. 

Federal	Legislation	for	Transmission	to	“Renewable	Energy	Zones”

Congress is considering two bills that would encourage interconnection-wide transmission 
planning and would allow for federal siting of transmission facilities.  under certain condi-
tions. The House-passed American Clean Energy and Security Act of 2009 would direct 
the FERC to institute grid planning principles for regional transmission development to 
facilitate the deployment of renewable and other zero-carbon energy sources for generating 
electricity to reduce greenhouse gas emissions while enhancing reliability, reducing conges-

Water Agency Purchasing Green 
Power 
In mid-2008, the Washington Suburban Sanitary Commission (WSSC), 
which supplies water and sewer services to Montgomery and Prince 
George’s County customers, began using wind power to run one-third of its 
water and wastewater operations.  Presently, this consists of 70,000 MWh 
of power per year, purchased from a wind project running fourteen turbines 
in Somerset County, Pennsylvania.  This purchase agreement is particularly 
notable, as the WSSC is buying power directly from the wind farm, rather 
than purchasing renewable energy certificates.  They have negotiated a ten 
year contract with Constellation Energy Projects & Services Group, Inc. 
to obtain a fixed price per MWh for 85 percent of the wind farm’s output 
during that period, which will amount to a projected savings of $20 million 
in energy costs over the course of the contract. 

Apart from serving as a hedge against price volatility, the WSSC also notes 
the arrangement’s environmental impact is substantial — comparable to 
removing 100,000 cars from service over the contract time span, as the 
wind power will be reducing the WSSC’s greenhouse gas emissions by 
around 90 million pounds annually. 
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tion, ensuring cyber-security, and providing for cost-effective electricity services. The FERC 
can require regional planning entities to submit regional electric plans consistent with the 
FERC grid planning principles.  The Act would authorize the FERC to site a high priority 
interstate transmission line in the Western Interconnection if the proposed transmission 
line is identified in an regional or interconnection-wide plan, any conflict among regional 
plans concerning the need for the transmission facility is resolved, the regional plans are 
consistent with FERC grid planning principles, and the transmission project is identified 
as necessary to meet demand for renewable energy in a regional or interconnection-wide 
plan.  The Act would exempt the Western Interconnection from being subject to the FERC 
backstop transmission siting authority under EPAct 2005.

The Senate Energy and Environment Committee approved The American Clean Energy 
Leadership Act of 2009 in June 2009.  This bill would require the FERC to coordinate the 
establishment of interconnection-wide transmission plans with plans developed by other 
transmission planning entities.  Transmission planning entities have up to two years from 
enactment to develop and submit regional transmission plans to the FERC, and to update 
these plans every three years.  States have one year to site transmission projects that are 
over 345 kV and identified as high priority national transmission projects, after which the 
FERC may take over siting if the state is unable to site the facility or denies the applica-
tion.  The FERC is also charged with setting cost allocation methodologies for high priority 
national transmission projects that are just and reasonable and not unduly discriminatory 
or preferential.  The FERC may not allocate transmission costs to a region or sub-region 
unless the costs are reasonably proportionate to measurable economic and reliability 
benefits for that region or sub-region.

Separately, two U.S. courts issued opinions that are may have an impact on transmission 
policy and planning.  In February 2009, the U.S. Court of Appeals for the Fourth Circuit 
ruled that the FERC incorrectly interpreted its transmission backstop siting authority to 
consider interstate transmission applications that had previously been denied by state 
regulatory commissions.  In August 2009, the U.S. Court of Appeals for the Seventh Circuit 
overturned the FERC’s previous approval of PJM’s transmission cost allocation methodol-
ogy that spread the costs of new transmission facilities over 500 kV to all PJM load-serving 
entities.  The Court remanded the case back to the FERC, stating that the FERC must 
quantify the benefits to justify broadly spreading the costs.  

As described in Section 2.1.3, a promising source of renewable energy for Maryland is 
from proposed land-based and offshore wind power projects.  Accordingly, in May 2009, 
Governor O’Malley joined the governors of nine other states in signing a letter addressed 
to several members of Congress requesting that they support “strong new federal policies 
to promote wind resources.”  These ten governors were concerned that recently proposed 
energy bills involving selective federal subsidies and incentives to build new transmission 
lines would create financial hindrances for both land-based and off-shore wind power 
projects.  The letter also described minimum qualifications for fair, equitable, and efficient 
renewable energy legislation, which included the following:
•	 Creation	of	strong,	federal	energy	efficiency	and	renewable	energy	incentives	that	are	simple,	

transparent, and technology neutral, which capitalizes on more than a decade of successful direct 
experience	by	many	states	in	developing	robust	efficiency	and	renewable	energy	markets;	

• Consideration of new market mechanisms, such as regional procurements for renewable energy 
in the form of long-term power purchase agreements, which allows all renewable generation 
interests to compete on the basis of total cost of power delivered to load centers;

• Encouragement of state and regional planners along the Atlantic coast to develop a plan within 
and across regions to accommodate the growing availability of onshore wind resources and to 
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establish an offshore wind transmission regime, including new FERC policies tailored to the 
special circumstances of offshore wind and expedited siting review for offshore transmission 
lines in federal waters and their interconnection to coastal load centers with appropriate state 
involvement; 

• Encouragement of FERC and NERC to support and facilitate robust planning within regional 
transmission organizations that provides and promotes local renewable resources integration and 
preserves local oversight and review; and

• Evaluation of whether expanding the federal Investment Tax Credit would be a more effective, 
simpler, and technology neutral mechanism for promoting renewable energy development across 
the country than a focus on transmission, which tends to support remote onshore wind, but 
disadvantage nearby offshore wind.

4.2 Greenhouse Gas Policies
Indications are that the average global temperature is rising, and may be due to carbon 
dioxide and other greenhouse gases (GHGs) released into the atmosphere from human 
activities, such as industrial processes, fossil fuel combustion, changes in land use, and 
deforestation. 

Current projections from the U.N. Intergovernmental Panel on Climate Change point to a 
global increase of 2.0°F to 11.5°F by 2100.  This warming will have real consequences such 
as additional sea-level rise that will gradually inundate coastal areas and increase beach 
erosion, flooding from coastal storms, changes in precipitation patterns, increased risk 
of droughts and floods, threats to biodiversity, and a number of potential challenges for 
public health.

Maryland has implemented several policies in the last few years to reduce GHG.  In 2007, 
the State joined RGGI, which is aimed at reducing CO2 emissions from the electricity sector.  
Also in 2007, Governor O’Malley established the Maryland Climate Change Commission 
which released its comprehensive Climate Action Plan in summer 2008.  During the 2009 
legislative session the Maryland Legislature passed the Greenhouse Gas Emissions Reduc-
tions Act of 2009, committing the State to reducing GHG emissions by 25 percent from 2006 
levels by 2020, a key recommendation of the Climate Action Plan.

4.2.1	 Regional	Greenhouse	Gas	Initiative
In 2005 the Governors of Delaware, Connecticut, Maine, New Hamp-
shire, New Jersey, New York, and Vermont signed the RGGI Memo-
randum of Understanding (MOU) creating the first cap-and-trade 
program for CO2 in the United States.  In January 2007, Massachusetts 
and Rhode Island joined and, as required by the Healthy Air Act 
of 2006, on April 20, 2007 Maryland also signed the MOU joining 
RGGI.  RGGI caps CO2 emissions from fossil-fuel fired electricity 
generating units with nameplate capacities of 25 MW or greater at a 
level roughly equal to projected 2006-2007 emissions levels from 2009 
through 2014 then mandates a 10 percent reduction (2.5 percent per 
year) by 2019.  This phased approach to CO2 emissions reductions is 
designed to provide regulatory certainty for electricity generators to 
begin planning for and investing in lower-carbon alternatives without 
creating dramatic electricity price impacts.  There are 17 power plants 
in Maryland that are subject to the RGGI cap. 

Figure 4-2 RGGI Allocations  
(million tons of CO2)
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The RGGI MOU outlines the CO2 allowance allocations for each member state.  These 
budget allocations, shown in Figure 4-2, were negotiated in 2005, based on actual annual 
2000 to 2002 emission rates and including expected capacity additions and demand growth 
to create an estimate of 2006-2007 emissions.  Maryland’s annual budget starts at 37.5 mil-
lion tons of CO2 per year for the first five years then reduces 2.5 percent per year to about 
33.8 million tons in 2019.  This is approximately 20 percent of the total regional budget of 
188.1 million tons. 

Table 4-9 RGGI-Covered Entity CO2 Emissions (in Millions of Short Tons)

State 2000 2001 2002 2003 2004 2005 2006 2007

2009 
Allocated 
Budget

Connecticut 11.97 10.99 9.84 9.26 9.98 11.32 10.76 10.05 10.70

Delaware 7.31 7.61 7.62 7.63 7.88 8.30 7.56 8.74 7.60

Massachusetts 25.45 25.40 25.28 27.22 26.37 26.64 23.45 25.37 26.67

Maryland 38.45 36.98 37.08 37.06 36.28 37.26 35.23 35.70 37.50

Maine 3.16 5.52 5.78 5.52 5.19 4.59 3.37 3.53 5.95

New Hampshire 5.18 4.86 5.56 8.48 8.81 8.97 7.57 7.31 8.62

New Jersey 21.95 20.18 21.15 2.54 21.13 22.07 20.79 21.85 22.89

New York 69.81 65.55 61.37 62.13 62.61 62.72 53.64 55.72 64.31

Rhode Island 2.96 1.78 3.25 2.67 2.22 2.69 2.63 3.16 2.66

Vermont 0.024 0.022 0.052 0.012 0.015 0.0078 0.0063 0.0061 1.23

10 State Total 186.26 178.90 176.93 180.52 180.50 184.57 165.00 171.44 188.08

Source: RGGI, Inc. website. http://www.rggi.org/states/historical emissions

Allocation of the Strategic Energy Investment Fund

Program

2008 Strategic 
Energy Investment 
Fund Allocation (%)

2009 Budget  
Reconciliation and 
Financing Act  
Allocation (%) 

RGGI – Strategic Energy  
Investment Fund ($ millions)

FY 2010  
Budget

Auction  
Revenue  
to Date*

Department of Human Resources: Bill 
Assistance

17 50 $53.2 $36.2

Public Service Commission: Electricity 
Rate Relief

23 23 $24.4 $16.7

MEA/  Department Housing and Com-
munity Development: Low & Moderate 
Income Energy Efficiency**

23 8.75 $9.3 $6.3

MEA/ Department of General Services: 
Non-Low Income Energy Efficiency** 

23 8.75 $9.3 $6.3

MEA / Maryland Department of  
Environment: Renewable and Clean 
Energy

10.5 6.5 $6.9 $4.7

MEA: Administration 3.5 3.0 $3.2 $2.2

Total 100 100 $106.3 $72.4
 
*Reflects revenue to Maryland from the first four RGGI auctions which occurred over a nine month period in September 2008, De-
cember 2008, March 2009, and June 2009. A portion of these revenues were allocated to the FY 2009 Budget. 
**The statute requires that 46 percent of the revenues be allocated to energy efficiency efforts and that half of the 46 percent be dedi-
cated to support programs and activities targeting low and moderate income households. This information reflects the split of energy 
efficiency funds between low and moderate income programs and non-low income programs. 
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Contrary to what was expected when the CO2 state apportionments were negoti-
ated, emissions in the power sector have fallen in the last few years (see Table 4-9), 
and as a result, emissions from RGGI covered power plants are below the negoti-
ated apportionment amounts.  Coupled with the economic slowdown reducing 
energy demand, 2009 CO2 emissions are expected to be approximately 10 percent 
below the established RGGI budget. 

A RGGI “model rule” issued in August 2006 details the operating rules for the 
RGGI cap-and-trade program.  The model rule stipulates that a minimum of 25 
percent of each state’s emissions allowances are to be used for consumer benefit 
and/or strategic energy purposes.  The member states have decided to auction 
nearly all of their allowances in quarterly regional auctions.  Maryland’s proceeds 
will go to the Maryland Strategic Energy Investment Fund (SEIF), which will be 
used to benefit Maryland residents (see sidebar at left).

RGGI	Allowance	Auctions

RGGI allowances are sold at auction, quarterly, in lots of 1,000.  Initially, the auction 
format is a single-round, uniform price, sealed-bid format.  The states may transi-
tion to a sealed bid, discriminatory price; a multiple round, ascending-price; or a 
multiple round, descending price format at a later time if evolving market condi-
tions warrant it.  Allowances will be identified with a vintage for the year they 
are issued, with up to 50 percent of future vintage allowances offered for sale in 
advance of their annual allocation.  Any type of entity may apply to participate in 
the auction but the rules limit any one participant (an organization and its affiliates) 
from purchasing more than 25 percent of the total available allowances in any one 
auction.  A reserve, or minimum, price is set for each auction starting with $1.86 
per allowance for the first auction held in September 2008.  For all subsequent 
auctions, the reserve price will be the higher of $1.86 (adjusted for inflation) or 80 
percent of the current market price for each vintage allowance being auctioned. The 
participating states have retained Potomac Economics as the independent market 
monitor to report on whether or not the auction was conducted in accordance with 
the regulations established by participating states.  

In the first auction, the clearing price was $3.07 each and all of the 12,565,387 
allowances offered were sold, mainly going to covered entities (see Table 4-10).  
According to Potomac Economics, the CO2 allowance auctions raised no material 
concerns regarding the auction process or its results.  Thus far, there is no evidence 

Regional 
Greenhouse Gas 
Initiative:  RGGI 
Allowance Auctions
The Regional Greenhouse Gas Initiative CO2 
Allowance Tracking System (RGGI COATS) 
is a system that follows data regarding states’ 
CO2 Budget Trading Programs.  Specifically, 
RGGI COATS contains historical emissions 
data, and tracks present emissions data, 
which is updated quarterly.  It also includes 
data regarding CO2 allowance transactions 
and allowance ownerships, which facilitates 
market participation, as it allows account 
holders to receive and/or transfer CO2 
allowances.  Further, each state’s compli-
ance data is housed in RGGI COATS; and 
there is a Special Approvals module, which 
is responsible for following each state's 
set-aside account applications.  Finally, an 
offsets module is included, which can be 
used for offset project registration, and to 
track the offset project applications, report 
submittals, and regulatory status.

RGGI COATS is not only used by offset 
project sponsors, regulated entities and other 
market participants; it is also used by the 
public.  RGGI COATS permits the general 
public to view a number of program and 
market data reports, including:  account rep-
resentatives report, owner/operator report, 
transaction price report, CO2 budget source 
report, account report, special approvals, 
offsets, and emissions.  Reports regarding 
compliance will be available beginning in 
the spring of 2012.

Table 4-10 RGGI Allowance Auctions

Auction Date
Allocation 

Year
Quantity 

Sold Reserve Price
Clearing 

Price
Maryland 

Allowances Sold
Maryland 
Revenues

9/25/2008 2009 12,565,387 $1.86 $3.07 5,331,781 $16.4 million

12/17/2008 2009 31,505,898 $1.86 $3.38 5,331,781 $18.0 million

3/18/2009
2009 31,513,765 $1.86 $3.51 5,331,783

$19.9 million
2012 2,175,513 $1.86 $3.05 399,884

6/17/2009
2009 30,887,620 $1.86 $3.23 5,331,782

$18.0 million
2012 2,172,540 $1.86 $2.06 399,884

9/9/2009
2009 28,408,945 $1.86 $2.19 5,331,782

$12.4 million
2012 2,172,540 $1.86 $1.87 399,884

Source: RGGI, Inc., website.  http://www.rggi.org/co2-auctions/results
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of collusion or manipulation by bidders and the vast majority of bids were submitted in 
line with competitive expectations.    

Maryland has incorporated a safety trigger value set at $7.00 per CO2 allowance.  If the 
auction clearing price reaches $7.00, up to 50 percent of the allowances allocated to the 
Consumer Energy Efficiency Account will be made available for direct sale to Maryland 
CO2  budget sources at $7.00 per ton of CO2.

RGGI	Offsets

The RGGI program allows covered entities to use qualifying offset projects to reduce the 
total number of allowances they are required to secure.  Offset projects or emission credit 
retirements will be awarded one CO2 offset allowance for every ton of CO2 reduced or 
sequestered.  A source may cover up to 3.3 percent of its CO2 emissions with offset project 
allowances but that amount can be increased under the following circumstances:  
• The 12-month rolling average spot price for allowances is $7.00 or greater.  Then the source can 

cover up to 5.0 percent of emissions using offsets.
• The 12-month rolling average spot price for allowances is greater than $10.00 for two consecutive 

12-month periods.  Then the source can cover up to 10.0 percent of emissions using offsets.

Offset projects3 that qualify under the RGGI model rule are:
1.	 Landfill	Methane	Capture	and	Destruction	–	projects	that	capture	and	destroy	methane	from	

landfills	that	are	not	subject	to	the	New	Source	Performance	Standards	(NSPS)	for	municipal	
solid	waste	landfills.		

2.	 Reduction	in	Emissions	of	Sulfur	Hexafluoride	(SF6) – projects that prevent the release of SF6 
to the atmosphere, through capture and storage, recycling, or destruction, can qualify for offset 
credits.  

3. Sequestration of Carbon due to Afforestation – projects that sequester carbon through the conver-
sion of land that has been in a non-forested state for at least 10 years to a forested condition.  

4. Reduction or Avoidance of CO2 Emissions from Natural Gas, Oil, or Propane End-use Combus-
tion	due	to	End-use	Energy	Efficiency	–	projects	that	reduce	CO2 emissions by reducing on-site 
combustion of natural gas, oil, or propane in either an existing or new commercial or residential 
building	by	improving	the	energy	efficiency	of	fuel	usage	and/or	the	energy-efficient	delivery	of	
energy services.  

5. Avoided Methane Emissions from Agricultural Manure Management Operations – projects 
destroy methane generated by anaerobic digesters and the uncontrolled anaerobic storage of 
manure or organic food.  

4.2.2	 Maryland	Commission	on	Climate	Change
The Maryland Commission on Climate Change (MCCC) was established via Executive 
Order in April 2007 and charged with developing a Maryland Climate Action Plan (CAP).  
The MCCC consists of the leaders of 16 State agencies and six members of the General 
Assembly and is supported by the following Working Groups:
1.	 Scientific	and	Technical	Working	Group	(STWG)	–	chaired	by	the	University	of	Maryland	

Center	for	Environmental	Science	and	MDE.		The	STWG	provides	advice	on	the	scientific	and	
technical aspects of climate change, and developed a Comprehensive Climate Change Impact 
Assessment for the CAP.

2. Greenhouse Gas & Carbon Mitigation Working Group (MWG) – chaired by MDE and MEA.  
The MWG evaluated and recommended a GHG reduction goal, developed policy options to 

3  Offset project details and protocols are available on the RGGI and MDE websites:   
www.rggi.org/offsets and www.mde.state.md.us/Air/RGGI.asp
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reduce GHG emissions, and created a Comprehensive Greenhouse Gas and Carbon Footprint 
Reduction Strategy for the CAP.  

3. Adaptation and Response Working Group (ARWG) – chaired by DNR and the Maryland 
Department of Planning.  The ARWG examined strategies for reducing the vulnerability of the 
State’s coastal, natural and cultural resources and communities to the impacts of climate change 
and developed a Comprehensive Strategy for Reducing Maryland’s Vulnerability to Climate 
Change for the CAP.

In August 2008, the MCCC released the final version of the Maryland CAP.  The CAP 
contains the comprehensive assessments and strategies developed by each of the working 
groups, which include sets of policy options, programs, and measures.  The MWG and its 

Table 4-11 Climate Action Plan Energy Supply GHG Mitigation Policy Options

Policy Option

GHG Reductions (MMtCO2e)
Net Present 
Value 
2008– 2020 
(Million $)

Cost- 
Effectiveness 
($/tCO2e)

Level of 
Support2012 2020

Total 
(2008–2020)

ES-1 Promotion of Renewable Energy (Zoning and Siting 
Incentives for Centralized Facilities)

0.2 0.5 3.3 $100 $30.3 Unanimous

ES-2 Technology-Focused Initiatives for Electricity Supply 
(Biomass Co-Firing, Energy Storage, Fuel Cells, 
Landfill Gas, Clean Energy Incentives)

U U U U U Unanimous

ES-3 GHG Cap-And-Trade (C&T) (With a Hypothetical 
Allowance Auction Price At $7/tCO2e); Account 
for All Reduction Under an Auction-Based C&T 
(Note: Quantification Represents Current Regional 
Greenhouse Gas Initiative [RGGI] Program

U 16.96 U -$235 U Unanimous

ES-4 Combined Capture, Storage, and Reuse (CCSR) 
Incentives, Requirements, and Enabling Policies 
(Administration, Regulation, Liability, Incentives)

Study presented for informational purposes only. N/A

ES-5 Clean Distributed Generation (DG): Standards, 
Incentives and Barrier Removal for DG, Including 
Combined Heat and Power (CHP), District Heating 
and Cooling, Landfill Gas, Solar, and Other Forms of 
Renewable Energy

Unanimous

ES-5a Distributed Generation (DG) 0.3 1.1 6.7 $250 $37.5
ES-5b Combined Heat and Power (CHP) 0.3 1.0 6.3 $90 $14.4

ES-6 Integrated Resource Planning (IRP) With or Without 
Re-Regulation or State Energy Plan

U U U U U Unanimous

ES-7 Renewable Portfolio Standard (RPS) 5.2 13.8 100.7 $2,589 $25.7 Unanimous
ES-8 Efficiency Improvements and Repowering Existing 

Plants
1.2 2.0 17.9 $389 $21.8 Unanimous

ES-8a Biomass Component
ES-8b Repowering Component Study presented for informational purposes only. N/A

ES-9 Carbon Tax Study presented for informational purposes only. N/A
ES-10 Generation Performance Standards (GPS)—1,125 

pounds CO2e/MWh
4.9 6.6 62.6 $2,659 $42.4 Unanimous

Sector Total After Adjusting for Overlaps* 11.9 24.6 194.2 $5,977 $30.8
Reductions From Recent Actions 4.8 12.2 88 $2,329 $26.5
Sector Total Minus Recent Actions 7.1 12.4 106.2 $3,648 $34.3

GHG = greenhouse gas;  MMtCO2e = million metric tons of carbon dioxide equivalents;  $/tCO2e = dollars per ton of carbon dioxide equivalent;  U = 
Unquantified;  N/A = not applicable;  ES = Energy Supply; CO2e/MWh = carbon dioxide equivalents per megawatt-hour.

*See explanation below:
Recent actions include those GHG reductions and costs associated with the Maryland renewable portfolio standard (RPS).  ES-7 proposes an RPS policy that 
results in GHG reductions in excess of the current Maryland RPS.  The net differences between the proposed ES-7 policy and the current Maryland RPS are 
included in the “Sector Totals Minus Recent Actions” results.



144

M a r y l a n d  C u M u l at i v e  e n v i r o n M e n ta l  i M pa C t  r e p o r t  —  1 5 t h  e d i t i o n

Technical Working Groups developed 42 GHG reduction policy options covering a broad 
range of areas: energy supply; transportation and land use; agriculture, forestry, and waste; 
residential, commercial, and industrial; and cross-cutting issues.  The MWG also quanti-
fied as many of the policy options as possible, including GHG reduction potential and 
cost-effectiveness.  Table 4-11 outlines the policy options for reducing energy supply GHG 
emissions.  As can be seen in the table, the largest impact in terms of GHG and greatest 
net benefit is gained from a RPS Program and a Generation Performance Standard of 1,125 
pounds  CO2 equivalent (CO2e) per MWh.
 

4.2.3	 Maryland	Climate	Change	Legislation
Over the last several years, Maryland has enacted several pieces of legislation that will 
help the State, both directly or indirectly, meet its climate change goals.  These bills target 
emissions from power plants and vehicles, spur development of renewable energy, and set 
energy efficiency and conservation goals (see Table 4-12).

During the 2009 session, the legislature passed the Greenhouse Gas Emissions Reduction 
Act of 2009, House Bill 315/Senate Bill 278.  The main points of this legislation include the 
following:
• Requires the State to reduce GHG emissions by 25 percent below 2006 levels by 2020.
• Directs MDE to develop and adopt a GHG reduction plan by 2012 that will not adversely impact 

the economy.
• Requires that MDE update its GHG emission inventory every three years.
• Contains a provision where the manufacturing sector is only subject to federal and RGGI regula-

tions. (Emissions from this sector are small, constituting on 4 percent of Maryland’s total GHG 
emissions.)

An analysis conducted by MDE shows that programs already underway will achieve a 12.5 
percent reduction in GHG emissions by 2020 and implementation of the cost-effective CAP 
measures will result in actually exceeding the 25 percent target (see Figure 4-3). 

Source: Maryland Climate Action Plan, August 2008. 
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4.2.4	 Federal	Greenhouse	
Gas	Initiatives

President Obama, throughout his campaign and 
during his time in office, has openly supported a 
national cap-and-trade program for the reduction 
of GHG emissions.  It is expected that a federal 
GHG reduction program will be in place prior to 
the end of 2010.

As a stepping stone to GHG emissions reduction 
legislation, in September 2009, the U.S. Environ-
mental Protection Agency (EPA) finalized the first 
comprehensive national system for reporting emis-
sions of CO2 and other GHGs produced by major 
sources in the United States.  This reporting rule 
was developed, as required, by the consolidated 
Appropriations Act of 2008.

The new reporting requirements apply to sup-
pliers of fossil fuels and industrial chemicals, 
manufacturers of motor vehicles and engines, 
as well as large direct emitters of GHGs with 
greater than or equal to 25,000 metric tonnes CO2e emissions per year, which covers all 
of Maryland’s coal-fired power plants.  This new program will cover approximately 85 
percent of the nation’s GHG emissions and will apply to roughly 10,000 facilities.  The first 
annual reports for the largest emitting facilities are to be submitted to EPA in March 2011 
for calendar year 2010 data, with the exception of vehicle and engine manufacturers, who 
are to begin reporting for model year 2011.  Sources that are covered under the rule are 

Figure 4-3  Maryland GHG Reduction Potential

Source:  MDE, HB 315, The Greenhouse Gas Reduction Act of 2009, 
presentation by Shari Wilson, Secretary, February 27, 2009.
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Table 4-12 Maryland Legislation to Reduce GHG Emissions  

Legislation Description
Renewable Energy Portfolio Standard (HB 1308), 2004, Revised 2007 
& 2008.

Established a renewable portfolio standard for electricity supply. RPS was 
accelerated to 20 percent by 2022.

Healthy Air Act of 2006 (HB 189) Established a ceiling on NOx, SO2, and mercury emissions from power plants and 
directed the State to join RGGI.

The Clean Cars Act of 2007 (HB 44) Adopts California’s stringent vehicle emissions standard beginning in model year 
2011.

EmPOWER Maryland Energy Efficiency Act of 2008 (HB 374) Sets a target of reducing the State’s per capita electricity consumption and peak 
demand by 15 percent by 2015. 

Regional Greenhouse Gas Initiative – Maryland Strategic Energy 
Investment Program (HB 368)

Created a fund using RGGI proceeds to invest in energy efficiency and renewable 
energy.

Several Bills for Renewable Energy Grant and Incentive Programs 
(HB 714-2004, SB 361-2005, SB 314-2006, HB 377-2008, SB 565-2008)

Provides tax incentives and/or grants for renewable energy resources, including 
solar, geothermal, biofuels, and wind.

Maryland Clean Energy Center, 2008 (HB 1337) Established the Maryland Clean Energy Center as in information clearing house 
and to lead collaborative efforts to promote clean energy development.

Greenhouse Gas Emissions Reductions Act of 2009 (HB 315/SB 278) Codifies the GHG goals from the MCCC Climate Action Plan and authorized MDE 
to pursue the recommended measures. 

 
Source: Maryland General Assembly, Bill Indexes and Information
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detailed by source category in Table 4-13.  Some source categories that were included in 
the proposed rule, such as electronics manufacturing, ethanol production, oil and natural 
gas systems, industrial landfills, wastewater treatment, and suppliers of coal, are currently 
not required to report their emissions; however, are still under review by EPA and may be 
required to do so in the future.

Transitioning	from	State/Regional	Initiatives	into	a	Federal	
Program

As described in Section 4.3.1, Maryland is a signatory to the RGGI MOU.  This agreement 
incorporates provisions for transition into a federal GHG reduction program.  It also 
includes encouragement for the federal program implementers to reward the signatory 
states for early action.  The federal program must be determined to be comparable to RGGI 
by the signatory states for them to willingly transition into the new program.

General Sources Specific Sources
A facility that contains any of 
the source categories listed to 
the right in any calendar year 
starting in 2010

Electricity generating facilities that 
collectively emit 25,000 metric tons of 
CO2e or more per year
Adipic acid production
Aluminum production
Ammonia manufacturing
Cement production
HCFC–22 production
HFC–23 destruction processes that are not 
collocated with a HCFC–22 production 
facility and that destroy more than 2.14 
metric tons of HFC– 23 per year
Lime manufacturing
Nitric acid production
Petrochemical production
Petroleum refineries
Phosphoric acid production
Silicon carbide production
Soda ash production
Titanium dioxide production
Municipal landfills that generate methane 
in amounts equivalent to 25,000 metric 
tons CO2e or more per year
Manure management systems that emit 
CH4 and N2O in amounts equivalent to 
25,000 metric tons CO2e or more per year

Any facility that emits 25,000 
metric tons CO2e or more per 
year in combined emissions 
from stationary fuel combustion 
units, miscellaneous use of 
carbonates, and all of the source 
categories listed to the right that 
are located at the facility in any 
calendar year starting in 2010

Electricity generation
Ferroalloy production
Glass production
Hydrogen production
Iron and steel production
Lead production
Pulp and paper manufacturing
Zinc production

General Sources Specific Sources

Any facility that in any calendar 
year starting in 2010 meets all 
three of the conditions listed to 
the right.  For these facilities, 
the GHG emission report 
would cover emissions from 
stationary fuel combustion 
sources only.

The facility does not contain any source 
in any source category designated in the 
above two categories.
The aggregate maximum rated heat input 
capacity of the stationary fuel combustion 
units at the facility is 30 mmBTU/hr or 
greater.
The facility emits 25,000 metric tons CO2e 
or more per year from all stationary fuel 
combustion sources.

Any supplier of any of the 
products listed to the right in 
any calendar year starting in 
2010

Coal-based liquid fuels
Petroleum products
Natural gas and NGLs
All producers of industrial GHGs and 
importers and exporters of industrial 
GHGs with total bulk imports or exports 
that exceed 25,000 metric tons CO2e per 
year
All producers of CO2 and importers and 
exporters of CO2 or a combination of CO2 
and other industrial GHGs with total bulk 
imports or exports that exceed 25,000 
metric tons CO2e per year

Manufacturers of mobile 
sources and engines would be 
required to report emissions 
from the vehicles and engines 
they produce, generally in 
terms of an emission rate.  
These requirements would 
apply to emissions of CO2, CH4, 
N2O, and, where appropriate, 
HFCs.  Manufacturers of the 
vehicle and engine types listed 
to the right would need to 
report.

Manufacturers of passenger cars, light 
trucks, and medium-duty passenger 
vehicles
Manufacturers of highway heavy-duty 
engines and complete vehicles
Manufacturers of nonroad diesel engines 
and nonroad large spark-ignition engines
Manufacturers of nonroad small spark-
ignition engines, marine spark-ignition 
engines, personal watercraft, highway 
motorcycles, and recreational engines and 
vehicles
Manufacturers of locomotive and marine 
diesel engines
Manufacturers of jet and turboprop 
aircraft engines

Table 4-13 Sources Required to Report GHG Emissions Under EPA's Reporting Rule
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When drafting the proposed reporting rule, EPA referred to existing climate registries and 
regional initiatives, such as RGGI, to ensure many of the reporting rule requirements were 
comparable, providing for a smooth transition into a federal program.

4.3 Coal-Fired Generation and CO2
Coal-fired power plants make up a large part of 
the power generation portfolio in many countries, 
but have the disadvantage of relatively high levels 
of CO2 emissions (see Figure 4-4).  A number of 
solutions, both short-term and long-term, have the 
ability to place coal-derived power on a similar 
performance level as other advanced generation 
technologies.  In a well balanced energy generation 
portfolio comprised of renewables, nuclear, and 
fossil fuels, coal still has a significant role to play in 
the future to meet growing U.S. energy demand and 
to exploit domestic energy resources.  Some of the 
attractive features of coal-derived power generation 
include the following:
• Coal is very abundant, particularly in the United 

States;
• Coal is relatively easy to store and transport; and 
•	 Coal-fired	power	plants	offer	unique	load-carrying	flexibility,	are	particularly	useful	in	meeting	

peak demand, and can compensate for the intermittency of renewable energies like wind power.

Figure 4-4 CO2 Emissions by Fuel Type
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Peak Coal
The concept of peak coal refers to the point in time when global 
coal production rates reach their maximum and thereafter begin 
an inevitable decline.  Coal is a finite, and therefore non-renew-
able, resource that will eventually run out.  

Coal provides about 40 percent of the worlds primary energy 
needs, about 50 percent of the electricity generation in the U.S. 
(which holds the world’s largest reserves) and was 62 percent 
of the energy supply in Maryland in 2007.  Between 2000 and 
2005, coal extraction in the U.S. increased by an average of 4.8 
percent per year, which compares to 1.6 percent per year for 
oil over the same time period.*  According to the World Coal 
Institute, proven global coal reserves will last 155 years at current 
production levels.  However, the U.S. Department of Energy 
predicts that annual global coal consumption will continue to 
increase by 2.5 percent per year through 2030, at which time, 
world consumption will be nearly double that of today.  Many analysts who are concerned about future oil and gas supply constraints foresee a 
compensatory shift to lower-quality fuels.  Coal can be converted to a gaseous or liquid fuel, and coal gasification and coal-to-liquid plants are 
being constructed at record rates.

The Energy Watch Group, an independent group of scientists, published a study in 2007 that claims the U.S. surpassed the peak of high-quality 
coal (anthracite) in 1990.  However, during that time, production of sub-bituminous coal in Wyoming more than compensated for the decline.  
This trend may continue for 10 to 15 more years, but thereafter, it is likely that a decline in total coal production will be experienced.  The study 
also explained that U.S. coal production, in terms of energy content, peaked in 2002 and in terms of volume, is expected to peak sometime 
between 2020 and 2030.

* Richard Heinberg, 2007.  Peak Coal:  Sooner Than You Think.  Energy Bulletin.
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Aside from these advantages, energy conversion from coal generates the highest level of 
CO2 emissions of all the fossil fuels available.  CO2 emissions from conventional combus-
tion technologies generally amount to approximately 1 ton per MWh of electricity gener-
ated.  For coal to have an environmentally acceptable future, CO2 emissions from new 
and existing coal-fired power plants will need to be mitigated to as low a level as feasibly 
possible.  CO2 mitigation for coal-derived power is a highly debated topic; however, there 
are several options that can be effective:  
•	 Improving	generation	efficiency	(providing	a	reduction	in	overall	CO2 emissions per megawatt 

of electricity generated), either through the development of new plants or upgrading existing 
facilities;

•	 Substituting	a	fraction	of	the	coal	with	a	carbon-neutral	fuel	such	as	biomass	(biomass	co-firing).		
Modern	coal-fired	boiler	designs	are	currently	capable	of	accommodating	up	to	20	-	30	percent	
biomass	co-firing,	with	a	corresponding	reduction	in	CO2 emissions; and 

• CO2 capture and geological storage (federal programs are beginning to provide support to 
validate this option).    

Currently, three general methods are available to capture CO2:
• Post-combustion capture, in which CO2	is	separated	from	flue	gases;
• Pre-combustion capture, in which CO2 is captured prior to combustion (generally involving a 

shift reaction to convert synthesis gas to CO2 and hydrogen); and
•	 Oxyfuel	firing,	in	which	the	fuel	is	fired	with	an	oxygen/CO2 mixture, thus producing a CO2-

rich	flue	gas	that	is	easier	for	CO2	capture.		Oxyfuel	firing	methods	have	been	demonstrated	in	
several projects abroad.  Several feasibility studies are currently underway for options using 
advanced supercritical plants.

4.3.1		 Clean	Coal	Technologies
More than 50 percent of the U.S. electricity supply comes from coal-fired generation 
facilities.  The U.S. Department of Energy (DOE) has been engaged in researching and 
developing more efficient and environmentally sound ways to utilize coal for more than 
20 years.  The aim of clean coal technologies is to reduce the environmental effects of coal 
as a fuel source by using multiple innovative technologies to wash coal and/or contain its 
emissions.  Clean coal technologies include the installation of scrubbers and other exhaust 
system equipment that remove harmful emissions and particulates before they reach the 
open air and pre-treating or cleaning the coal to remove harmful substances before the 
combustion cycle. 

Carbon Capture at AES Warrior Run
In Cumberland, Maryland, the AES Warrior Run cogeneration plant is 
currently the only coal-fired facility using carbon capture technology.  This 
180-MW generating facility utilizes circulating fluidized bed combus-
tion technology, which apart from producing electricity, also supplies 
approximately 400 tons/day of steam to its adjacent CO2 production unit.  
CO2 is removed from a slip-stream of 2 – 3 percent of the plant’s total 
flue gas stream using an ABB Lumus MEA flue gas scrubber system.  The 
extracted CO2 is then purified to a 99.99 percent purity level using carbon 
filters and molecular sieves.  The purified CO2 is stored under pressure in 
large, steel storage tanks, as shown in the adjacent photo, until it can be 
shipped off-site for use in fire extinguishers, dry ice production, and in 
food-related processes.  The facility currently captures the majority of the 
CO2 emissions in the slip-stream, which is 14 percent CO2 by volume, and 
there is on-going discussion regarding the capturing of additional CO2 at 
this facility for possible use in a geologic sequestration pilot test. 
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Though coal use in the electricity industry has increased by 83 percent since 1980, total 
industry SO2 emissions have decreased by 39 percent and total NOx emissions by 42 
percent.  In Maryland, the Healthy Air Act (HAA) of 2006 directed coal-fired facilities in the 
state to reduce emission of SO2, NO2, and mercury by installing state of the art pollution 
control technology.  The HAA is expected to result in significant reductions of emission 
making coal-fired plants much cleaner in the coming years (discussed in greater detail in 
Section 3.1.1 on page 61).

Clean coal technologies also include advanced coal power systems, such as integrated 
gasification combined cycle (IGCC).  In IGCC systems, coal is superheated to a gaseous 
state, or gasified, creating a synthetic gas that is then combusted in a turbine.  The system 
also captures waste heat that is used to create steam to power a second turbine.  Conven-
tional coal plants are about 35 percent energy efficient, while IGCC facilities are currently 
about 50 percent efficient, and expected to reach nearly 80 percent efficiency in the future.  
Because the coal is gasified, IGCC plants achieve dramatic reductions in harmful emissions, 
creating up to 99 percent less SO2 and particulates, and 90 to 95 percent less mercury.  Addi-
tionally, the synthetic gas can be reduced to hydrogen and CO2, making IGCC plants ideal 
for the addition of carbon sequestration systems.  The DOE currently has two “super clean” 
IGCC demonstration plants in operation:  Tampa Electric IGCC Power Plant in Mulberry, 
Florida, and the PSI Energy Wabash River IGCC Power Plant in West Terre Haute, Indiana.

Table 4-14 shows a direct comparison of uncontrolled CO2 emissions from IGCC and 
combustion-based power generation technologies.  

In October 2008, the National Energy Technology Laboratory launched a program to 
develop an IGCC with carbon capture simulator to be used for research and training. 
The facility will be located in Morgantown, West Virginia.  IGCC with carbon capture is 
considered the most promising technology for achieving high-efficiency and near-zero 
emissions from coal-fired power plants of the future.  Dynamic simulation offering a real-
time operational experience of IGCC has been used on a limited basis, but the Morgantown 
facility will be the first full-scope, real-time research and training facility offering operation 
and control simulation of IGCC with carbon capture. Figure 4-5 shows the IGCC reference 
plant for the generic dynamic simulator, a 746 MW (gross size) plant consisting of dual 
train entrained-flow gasifiers producing synthetic gas (syngas) for combustion in two 
advanced combustion turbines with a combined net output of 464 MW.

Table 4-14 Comparison of IGCC and Combustion-based 
Power Generation Technologies

Power Generation technology
Facility Heat 
Rate (Btu/kWh)

CO2 Emissions 
(lb/kWh)

CO2 Emissions 
(Ton/MWh)

Conventional Pulverized Coal Plant with Flue 
Gas Desulfurization Scrubber (FGD) 

9,800 2.0 1.0

Polk Power IGCC Plant (U.S., Indiana) 9,350 1.87    0.94

Wabash River IGCC Plant (U.S., Tampa FL) 8,900 1.78 0.89

Advanced Integrated Gasification Fuel Cell 
Plant (IGFC) 

6,000 1.20 0.6

Pressurized Fluidized Bed Combustion Plant 
(PFBC)

8,700 1.81 0.91

Natural Gas Combustion Turbine Plant 11,000 1.27 0.64

Natural Gas Combined Cycle 7,500 0.86 0.43
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4.3.2		 Carbon	Sequestration

Terrestrial	Sequestration

As introduced in Section 3.2.5, carbon sequestration is the intended permanent storage of 
CO2.  There are multiple types of carbon sequestration, including geologic sequestration 
in subsurface rock or aquifer formations and terrestrial sequestration, which involves the 
storage of CO2 in vegetation via the creation of a new sustainable forest or agricultural area.

In Maryland, two specific types of sequestration are being explored as potential GHG offset 
projects under either RGGI or a new GHG reduction program administered at the federal 
level.  The first type focuses on the restoration of salt marshes.  Salt marshes are prevalent 
in Maryland and are of critical importance for estuarine ecosystems, such as those associ-

ated with the Chesapeake Bay, by serving as habitats 
for wildlife and buffers to large storms.  In addition, salt 
marsh soils have the capacity to sequester large amounts 
of CO2 through organic and mineral accretion in 
conditions of rising sea levels.  Marsh decline, however, 
is becoming more prevalent throughout the region, 
which corresponds to a decrease in carbon storage.  It 
is possible through the placement of artificial sediment 
to restore these marshes, allowing them to rebound 
and promote carbon sequestration, which is the goal of 
this type of offset project.  In order for the salt marsh 
restoration to be successful, the new marsh surface must 
accrete with sea level rise.  PPRP and the University 
of Maryland have been working together to establish 
project guidelines and accounting methods.

The second type is terrestrial sequestration through 
urban forestry.  Urban forestry projects involve the 
implementation of programs within urban communities 
to plant and grow trees.  This program provides two 
means for reducing CO2 emissions.  First, carbon is 
sequestered in the growing of trees due to an increase 
in biomass.  Secondly, there is an associated avoidance 
of emissions through energy conservation, as the trees 

Blackwater Project
PPRP, DOE, and several other partners 
are collaborating with the University of 
Maryland on the Blackwater Project to 
learn more about carbon sequestration 
in tidal marshes.  There are potentially 
as much as 20,000 acres available for 
this project, which would not only 
sequester thousands of tons of CO2 

annually, but would also provide increased habitat for birds, terrestrial 
animals, and aquatic life that live in the area or use it for stopovers during 
their annual migrations.  Wetlands can store up to 2.5 tons of carbon per 
acre.  The team will examine three tidal marsh cells -- one newer 5-acre 
cell; one older cell, created in 1983; and a third that is a natural marsh cell.  
Researchers will establish approximately 50 field plots per cell and will 
conduct annual soil analyses, including organic carbon content, bulk den-
sity, active carbon (particulate, chemically labile), nutrients, pH, and other 
selected samples, such as particle size, sulfides, and metals. These tests will 
be used to determine the rate of carbon sequestration and the total amount 
of carbon that can be sequestered in restored versus natural marshes.  
Additionally, restoration efforts include rebuilding the marshland using 
clean, dredged material from the Chesapeake Bay shipping channel, which 
has the added benefit of helping to counter sea level rise.  Maryland has 
great potential for reducing greenhouse gas emissions through sequestering 
carbon in restored wetlands and marshlands around the Chesapeake Bay.

Figure 4-5 Integrated Gasification Combined Cycle System
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HRSG = heat recovery 
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can provide shade with a natural cooling effect for residences and other buildings in the 
community.  There is an interest among various State agencies and community groups 
to pursue urban forestry projects as an alternative to other, more traditional afforestation 
projects.

Geologic	Sequestration

Carbon capture and storage technologies can be employed to reduce emissions by seques-
tering CO2, either terrestrially or geologically.  Terrestrial sequestration options include 
eroded and non-eroded cropland, marginal land, mineland, and wetlands and marshlands.  
Restoring these areas allows carbon to be sequestered in the soil and in plant matter that 
develops on these lands.  Geological sequestration involves pumping CO2 into under-
ground storage reservoirs. The primary types of geological reservoirs are depleted oil and 
gas fields, unmineable coal seams, and deep saline formations.  A co-benefit to geological 
sequestration is that when used in oil and gas fields the pressurized CO2 displaces residual 
oil and gas allowing more of the resource to be extracted.  The U.S. is already a world 
leader in enhanced oil recovery through CO2 injection, sequestering about 32 million 
tons of CO2 per year.  A similar technique is being developed to utilize CO2 injection into 
unmineable coal seams to displace and recover coal bed methane.  Another potential 
sequestration option involves injecting CO2 into (otherwise unused) deep saline reservoirs.  
Deep saline reservoir injection has two important benefits – potential storage capacity in 
the U.S. is very large and many are close to existing large CO2 point sources.

The Midwest Regional Carbon Sequestration Partnership (MRCSP) was established by the 
U.S. Department of Energy to assess the technical potential, economic viability, and public 
acceptability of carbon sequestration within an eight state region – Indiana, Kentucky, 
Maryland, Michigan, New York, Ohio, Pennsylvania, and West Virginia.  The MRCSP 
region has great potential for sequestration in geological and terrestrial sinks.  Depleted or 
nearly depleted natural gas reservoirs and unminable coal seams in Garrett and Allegany 
counties are suitable for geological carbon storage.  Terrestrial sequestration opportuni-
ties especially relevant to Maryland are wetlands and marshland.  Table 4-15 outlines the 
MRCSP estimates of the regional sequestration storage capacity.

Carbon Dioxide Storage Options
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Table 4-15 MRCSP Estimates of the Regional Sequestration 
Storage Capacity 

Terrestrial Sequestration Potential Geological Sequestration Potential

Marginal Land 100 MMTCO2/yr Deep Saline Formations 475,000 MMTCO2

Wetland/Peatland 15 MMTCO2/yr Depleted Oil & Gas Fields 1,400 MMTCO2

Mineland 5 MMTCO2/yr Unmineable Coal Seams 350 MMTCO2

Cropland 25 MMTCO2/yr

Source: Battelle, “Managing Climate Change and Securing a Future for the Midwest’s Industrial 
Base,” presentation by David Ball, MRCSP Project Manager, February 14, 2006.
Note:  MMTCO2/yr = million metric tons of carbon dioxide per year.  

4.4 Generation Technology and 
Innovation

As detailed in Chapter 2, historic methods of generation in Maryland have been mainly 
fossil fuel combustion-based, with some non-combustion methods, such as hydroelectric 
and nuclear generation. In recent years, however, there has been an emphasis within the 
state on the development of renewable energy sources (see Section 2.1.3 for more informa-
tion). Fossil fuel energy sources generally have greater impacts on the environment than 
their renewable counterparts. Although the timeframe for when the demand for coal, oil, 
and natural gas will outweigh economically feasible supply (often also referred to as the 
“peak”) is widely debated, these resources are indisputably finite.

In general, electricity in the United States is generated by large centralized power stations 
(typically 300 – 3,000 MW) and is delivered to load centers by the regional transmission 
and distribution networks. An alternative to this traditional system is distributed genera-
tion, which is small-scale energy generation (typically 1 kW – 5 MW) that is located close 
to the point of use. Home-based solar, wind, and geo-thermal installations are examples of 
distributed generation that are gaining in popularity.

4.4.1	 Current	Generation	Technologies
The Healthy Air Act (HAA) has had a significant effect on existing generation facilities in 
Maryland (see discussion in Chapter 3, page 61).  Many power companies have installed 
selective catalytic reduction (SCR) and selective non-catalytic reduction (SNCR) systems 
on their existing plants to reduce SO2 emissions; FGD systems to lower NOx emissions; and 
electrostatic precipitators (ESPs) and baghouses to reduce particulate matter and mercury 
emissions in order to comply with the limits set forth in the HAA.  However, the most 
recent new generation projects have been designed to utilize cleaner-burning fuels, such as 
pipeline-quality natural gas and ultra-low sulfur diesel fuel.

For example, CPV Maryland was granted a license by the Maryland PSC in November 2008 
to build and operate a new natural gas-fired electric generating station near St. Charles in 
Charles County, Maryland.  The proposed CPV St. Charles facility incorporates state-of-
the-art natural gas CTs and HRSGs and will have a maximum electric output of 640 MW, 
or enough to power approximately 160,000 homes.  The CTs will utilize an advanced dry, 
low- NOx burner technology and the HRSGs will be equipped with SCR systems to control 
emissions of NOx.  To reduce the emissions of carbon monoxide (CO) and volatile organic 
comounds (VOCs), oxidation catalyst systems will be employed.  An additional shared 
steam turbine generator, fed by the HRSGs, will be capable of generating an additional 
170 to 304 MW (nominal).  Due to its use of natural gas as a primary generating fuel, this 



153

C h a p t e r  4  —  e n e r G y  p o l i C y  a n d  t e C h n o l o G y  f o r  a  s u s ta i n a b l e  f u t u r e  

facility will qualify for the Clean Generation 
Set-Aside under RGGI (discussed in Section 
4.3.1), which awards CO2 allowances equal to 
actual CO2 emissions for up to the first six years 
of plant operation.

In addition, as described in Section 2.2.1, the 
Calvert Cliffs Nuclear Power Plant is currently 
going through the licensing process for an 
additional reactor that will effectively double 
its current generation capacity.  As proposed, 
this third reactor will provide 1,600 MW of 
new, nuclear generation in the state that can 
power up to 400,000 homes.  Although no new 
nuclear generation units have been put into 
service since the Three Mile Island accident in 
1979, there has been a resurgence of interest in 
nuclear power as an alternative to traditional 
fossil fuel-based generation.

There are also developing plans for fuel-
switching in existing power plants to reduce 
pollutant emissions.  Easton Utilities is currently 
evaluating several biodiesel blends for use at 
its existing downtown generating station and 
has received a grant from Maryland Energy 
Administration (MEA) to support this activity.  
In addition, the H. A. Wagner and C. P. Crane facilities are evaluating a coal type switch to 
facilitate compliance with current air emission regulations.

4.4.2	 The	Future	of	Energy
With federal initiatives focusing on GHG reduction and favoring the development of 
renewable energy sources and fossil fuels being finite resources, the future of energy pro-
duction in the U.S. will likely be quite different than the current situation.  We are bound 
to see emerging technologies that employ fossil fuel resources in cleaner, more efficient 
ways, especially in the near-term.  Long-term trends will likely involve a surge in renew-
able energy project development and technology advancement, such as more efficient 
solar energy on a utility scale, increasing amounts of wind energy being integrated into the 
electric mix, and some innovative off-shore generation technologies.  

The	Role	of	Natural	Gas

Employing natural gas as an energy source results in fewer GHGs (and other emissions) 
than coal.  Coal has traditionally been the cheapest resource for building baseload power 
generation facilities.  Recent new discoveries of unconventional natural gas sources, such 
as deep shale formations, coupled with advances in extraction techniques, has greatly 
increased the level of domestic natural gas reserves in the United States.  The U.S. Energy 
Information Administration (EIA) estimated that at the end of 2007 there was up to 1,750 
trillion cubic feet of technically recoverable natural gas in domestic sources.  This number 
has increased significantly in the last few years due to new shale gas discoveries (see Figure 
4-6).  The Marcellus Shale, which extends partly into western Maryland, is now thought to 
contain up to 500 trillion cubic feet of natural gas.  

The Role of Nuclear Power in a 
Sustainable Energy Future

While nuclear power is not a “renewable” energy  
resource – uranium is a finite resource, just as fossil fuels 
are – there is increasing recognition that nuclear power 
generation has a role to play in slowing the rate of climate 
change.  Nuclear reactors can provide large amounts of 
electricity to meet growing demand while contributing 
only a small amount of greenhouse gas emissions to the 
atmosphere, primarily from the use of backup emergency 
generators.

The U.S. nuclear power industry has been at a standstill since the Three Mile Island 
accident in 1979 — but that appears to be changing.  Higher wholesale market prices 
combined with improvements in nuclear plant design and increasing concern over 
greenhouse gases are leading investors and power companies to consider building 
new nuclear facilities.  Furthermore, as part of the Energy Policy Act of 2005, Con-
gress provided $3.1 billion in tax credits for new nuclear facilities, along with liability 
protection and compensation for legislative delays.  UniStar Nuclear, a joint venture 
that includes Constellation Energy here in Maryland, is one of the companies vying 
for these tax credits to support the development of its proposed Calvert Cliffs Unit 3 
as well as other potential sites out of state.

Critics of nuclear power say that concerns about public safety, security, and long-
term radioactive waste disposal outweigh the technology’s greenhouse gas benefits.  
Some believe that climate change issues may be better addressed by building large 
natural gas-fired facilities to continue to meet demand in the short term while a major 
national effort is made to strengthen conservation and alternative energy solutions.
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The increasing supply of natural gas may lead to lower natural gas prices for the foresee-
able future.  Natural gas has been referred to as a "transitional fuel" in terms of facilitating 
the transition to a lower carbon profile, and energy companies are increasingly opting to 
build natural gas baseload generation instead of coal.  The large increase in natural gas and 

Marcellus Shale
Marcellus Shale has begun drawing attention for gas exploration, as new 
drilling techniques make the source more economically feasible. A basin 
extending from New York to West Virginia passes through western Mary-
land, and in sum is thought to contain the natural gas equivalent of roughly 
80 billion barrels of oil. Interest in deposits in western Maryland’s Garrett 
and Allegany Counties has been expressed by energy companies since 
2006. The existing data on the land’s geology has already been reviewed 
by companies across the country, with plans forming to drill test wells and 
lease mineral rights to the area. In Garrett County, there have also already 
been arrivals of ‘land men’ – workers who precede the test well drilling to 
arrange the land’s leasing. It will be interesting to see in the future what the 
impact of this potential resource means for Maryland.

While natural gas does still produce greenhouse gases, it only creates half 
as much carbon dioxide as coal when burned, and is being looked at as a 
transitional fuel toward renewable energy. There are some concerns regard-
ing water contamination due to the methods of extraction being employed, 
namely hydraulic fracturing, however the link between the two has not been 
conclusively shown and is under study. Added to this is the challenge that 
the natural gas industry faces by having missed out on taking any substantial 
gains from the new climate-change bill, Waxman-Markey. This came partly 
as a result of politics and differences of opinion in the industry regarding 
climate change, and partly due to the size of the natural gas industry itself, 
which is primarily made up of smaller to medium-sized businesses who find 
it difficult to compete in the political realm. One thing is certain, however 
– with these new technologies, the landscape for the future of energy has 
once again been changed.

Note:  This map shows the approximate depth to the base of 
the Marcellus Shale.  It was prepared using the map by Robert 
Milici and Christopher Swezey above and adding depth-to-Mar-
cellus contours published by Wallace de Witt and others, 1993, 
United States Department of Energy Report: The Atlas of Major 
Appalachian Gas Plays.

Source: http://geology.com/articles/marcellus-shale.shtml

Figure 4-6  Natural Gas Reserves in the U.S. 

Source: Energy Information Administration, updated May 28, 2009.
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the resultant price decline may lead to natural gas being the near-term fuel of choice for 
cleaner electricity production as well as transportation.

Windpower	and	Offshore	Resources
Wind energy is becoming increasingly more common throughout the U.S. and more desir-
able in Maryland.  As the best wind resources in the state are found in the western-most 
counties and off-shore, the need exists for effective ways to integrate these areas with the 
higher energy demand centers located in the central portion of the state.  In addition, the 
production of wind energy is dependent upon the amount of wind available at any given 
time, which is widely variable.  Because of this, improvements to the transmission system 
and electricity storage methods will likely be necessary for effective integration into the 
existing electricity grid (see Section 4.5).  

Although more prevalent in European countries, increasing amounts of off-shore wind 
energy projects are being proposed in the U.S.  There are numerous advantages compared 
to more traditional on-shore wind projects such as steadier and stronger wind resources 
and typically fewer environmental impacts.  Because of this, proposals for off-shore wind 
projects along the Pacific and Atlantic coasts are gaining traction (see Section 2.1.3, page 18).  

Other off-shore technologies, such as underwater and floating ocean turbines, are designed 
to harness tidal, current, and wave energy resources.  These technologies are less com-
mon-place than off-shore wind; however, as land resources suitable for renewable energy 
projects become increasingly scarce, it is likely that off-shore technologies will become an 
important part of achieving our nation’s energy independence.  In May 2008, Wavebob Ltd. 
opened an office in Annapolis, Maryland to serve as the headquarters for its U.S. opera-
tions.  Wavebob Ltd. is one of only a handful of companies worldwide that has successfully 
generated electricity using ocean waves.  Since Maryland is a coastal state, these issues will 
need to be followed closely.

Fuel	Cells	and	Hydrogen
Hydrogen is the most abundant element in the universe, making up about 75 percent of 
all matter.  It also contains the most energy of all fuels (Table 4-16).  However, hydrogen 
in its elemental form is very rare on Earth and must be produced from other compounds 
before it can be utilized as an energy source.  There are various ways to produce hydrogen.  
Hydrogen-rich natural gas and coal can be broken down to harvest the hydrogen.  Hydro-
gen can also be extracted from water and chemical or biological compounds.  For example, 
biohydrogen can be produced from algae that will release hydrogen instead of oxygen in 
a sulfur-deprived environment, and from certain types of bacteria feeding on wastes in a 
bioreactor.  Table 4-17 outlines the relative merits of each method.

Table 4-16 Energy in Fuels

Fuel Type Btu/lb
Hydrogen 55,000
Natural Gas 21,148
Gasoline 20,700
Diesel 19,800
Coal 15,000

Hydrogen is an ideal energy carrier.  It can be compressed and/or transported through 
pipelines and stored.  Hydrogen can be produced using grid electricity during off-peak 
periods and then stored for use to make clean, emissions-free electricity during peak 
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periods.  Large-scale hydrogen deployment however, is not without certain challenges.  
Hydrogen molecules are very small and very flammable, making leakage a significant 
issue.  As can be seen from Table 4-17, the most efficient means of producing hydrogen are 
still dependent on fossil fuels.  More research and development is needed to create clean, 
efficient, and economical methods for producing hydrogen on a meaningful scale.

Table 4-17 Hydrogen Production Methods

Process Efficiency Advantages Drawbacks

Coal Gasification 50-80% Commercially viable, efficient, 
cheap, abundant fuel source

Pollutants released unless 
captured

Steam Reformation 
(Natural Gas)

80% Most prevalent, commercially 
viable

Pollutants released, gas prices 
unpredictable

Electrolysis 25% Clean, proven technology Inefficient, not commercially 
viable

High-temp. 
Electrolysis

50% No pollutants, highly efficient Generators not ready until 2030

Thermochemical 50% No pollutants, highly efficient Not commercially viable, 
corrodes equipment

Biohydrogen 10% Clean, renewable Not yet commercially viable

Source: Clean Coal Technology Foundation of Texas website, accessed April 7, 2009.  
http://www.cctft.org

The most efficient use of hydrogen is in fuel cells.  Fuel cells create electricity quietly and 
reliably, and emit only water.  Fuel cells are fully scalable, small enough for cell phones and 
large enough to be a grid-connected utility-sized power plant.  The U.S. DOE’s Hydrogen 
Program is conducting extensive research and analysis into safely and efficiency produc-
ing, transporting, and storing hydrogen.  The program aims to enable commercialization of 
portable, stationary, and transportation fuel cell applications.  Especially promising is the 
pairing of hydrogen storage and fuel cells in vehicles.  DOE reports the following achieve-
ments in hydrogen/fuel cell deployment:
• 200 fuel cell vehicles;
• 20 hydrogen-fueled buses;
• 60 fueling stations;
• 9 million metric tons of hydrogen produced annually; and
• 1,200 miles of hydrogen pipeline.

Maryland could benefit greatly from deploying hydrogen and fuel cells, especially in 
the transportation sector, a significant source of both ozone-inducing and climate change 
emissions.

Fuel cells can be constructed to also utilize other fuels making them useful for many types 
of applications.  For example, molten carbonate fuel cells (MCFCs) are being developed 
for industrial, military, and utility-scale electricity applications.  MCFCs use an electrolyte 
composed of a molten carbonate salt mixture suspended in a porous, chemically inert 
ceramic lithium aluminum oxide matrix.  They operate at extremely high temperatures 
(roughly 1,200°F and above) and can reach direct-use efficiencies of up to 60 percent.  If the 
waste heat is utilized in a cogeneration application, efficiencies can reach 85 percent.  

A significant advantage of MCFCs is the ability to use fuels other than hydrogen.  Due to 
the high temperature operation, an MCFC can internally convert other fuels to hydrogen 
by a process called internal reforming.  MCFCs are also very resistant to impurities leading 
scientists to speculate that they may even be capable of internal reforming of coal.  The 
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primary disadvantage of current MCFC technology is the accelerated component break-
down and corrosion caused by the high temperature operation.  Research on developing 
corrosion resistant materials is on-going.

4.4.3	 Advances	in	Energy	Generation
Cutting-edge research on energy generation techniques is creating a picture of the future 
that seems more science fiction than fact.  New emerging technologies encompassing 
biological processes, nanotechnologies, and greater understanding of the properties of 
magnetism are resulting in innovative and novel methods for creating electricity.  This 
section outlines just a few of the ways in which current research may alter the future of 
electricity generation.

Biotechnology

Biological processes naturally utilize waste materials, including CO2, as a food source, 
transforming it to usable fuels.  Researchers have been examining various types of algae 
and bacteria for many years, with the aim of using these organisms to create fuel on an 
industrial scale.  A Maryland company, Zymetis, Inc., is just one of many making signifi-
cant advances in this field by working with a bacterium, Saccharophagus degradans, that 
was discovered several years ago in the marshes of the Chesapeake Bay.  This particular 
bacterium is very efficient at eating dead plant material and solid waste and breaking them 
down into glucose, which in turn can be used to make fuel.  Researchers have genetically 
altered the bacterium to produce more of the key enzyme it uses to break down material, 
and are moving towards being able to use the process on an industrial scale. 

Algae are a large and diverse group of simple organisms containing only a nucleus 
enclosed within a membrane and chloroplasts bound in one or more membranes.  Nearly 
all algae use photosynthesis, consuming CO2 and producing oxygen as a by-product.  
Algae grow rapidly, can double their mass several times a day, and can be produced using 
ocean water and wastewater.  Additionally, they can contain high amounts of lipids (oils) 
and are biodegradable and relatively harmless to the environment.  Researchers have been 
working to create efficient and economical methods for growing and harvesting algae for 
the purpose of converting them into various fuel sources, including biodiesel, biobutanol, 
biogasoline, methane, and hydrogen.  The first North American commercial algae-to-bio-
fuels facility began operation in April 2008.  The facility, located in Rio Hondo, Texas, will 
produce an estimated 4.4 million gallons of "algal oil" and 110 million pounds of biomass 
per year using a series of saltwater ponds covering 1,100 acres.  The algal oil can be refined 
into fuel, such as biodiesel or jet fuel, and the biomass can be fed to cattle as a protein 
supplement or fermented into ethanol.

Plasma	Technology

Plasma gasification can use almost any waste material to create electricity, leaving behind 
an inert slag similar to vitrified glass.  Passing electricity through ionized gas (plasma) 
creates a field of extremely intense, lightning-like energy in a plasma arc.  The arc is so 
powerful that it disintegrates matter by tearing apart molecular bonds.  Capable of break-
ing down just about anything, except nuclear waste, the only by-products are the vitreous 
slag that can be used as a raw material for numerous applications, including bathroom 
tiles and high-strength asphalt, and a synthetic gas, or “syngas” — a mixture of primar-
ily hydrogen and carbon monoxide that can be converted into a variety of marketable 
fuels, including ethanol, natural gas and hydrogen.  Over the past decade, half a dozen 
companies have been developing plasma technology to turn garbage into energy.  The first 
North American plasma facility was initially energized in June 2007 just outside Ottawa, 
Ontario in Canada.  In October 2007, the plant began delivering electricity to the Ontario 
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grid, converting 85 tons of waste per day.  After a successful first year of operation, which 
included an emissions profile well below permitted amounts, in June 2008, the Ottawa City 
Council unanimously approved the building of a full-scale facility.  When completed, the 
plant will have a net electrical capacity of 21 MW and process 400 tons of waste per day.  

Kinetic	Generation	Devices	

Innovative ways to harness kinetic energy from everyday things is leading to electricity 
generation from the movement of normal items in our surroundings.  A new technology 
by AEST, Inc. of California is called the Dragon Power Station™ and is activated when 
heavy duty vehicles drive over plates embedded into the road.  The pressure on the plates 
initiates a hydraulic pumping system that turns a generator to produce electricity.  Fluxx-
lab, a small New York firm made up of two architectural design graduates, has created the 
Revolution Door, an adapted revolving door, which can harvest the energy created every 
time the door spins.  The tiny amount of electricity generated can be stored for potential 
uses such as lighting.   

A Burger King franchise has installed a speed bump designed to harness the kinetic energy 
produced by the hundreds of cars that pass through the drive-thru at its high-traffic 
restaurant in Hillside, New Jersey each day.  Customers waiting for their meals roll through 
a section of the drive-thru lane lined with metal plates that move down and up as the cars 
head to the next window.  The MotionPower™ technology was developed by Burtonsville, 
Maryland-based New Energy Technologies, and is designed to make use of the energy 
from cars, trucks, and heavy vehicles when they slow down or come to a full stop countless 
times throughout the day, converting this otherwise wasted energy into clean electricity.  
The company engineers anticipate that MotionPower™ devices could be used to augment 
or replace conventional electrical supplies for powering roadway signs, street and building 
lights, storage systems for back-up and emergency power, and other electronics, appli-
ances, and even devices used in homes and businesses.

Waste-to-Energy:  Plasma Gasification
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The David A. Ambler Student Recreation Fitness Center at the University of Kansas 
recently retrofitted 15 elliptical machines with ReRev devices made by Florida-based 
SunQuest energy.  The devices draw on kinetic energy created by individual’s workouts 
and reroute that energy back into the building’s electric grid.  SunQuest claims a ReRev 
device can generate enough electricity from a typical 30-minute workout to power a laptop 
for an hour, a television for 15 minutes, or a compact fluorescent light bulb for 2.5 hours.  
The ReRev devices will convert the energy created by the elliptical machines from direct 
current (DC) power into 240/208 Volt 60 Hertz alternating current (AC) inside a control box 
mounted near the exercise machines.  Users will see the energy their workouts contribute 
to the building displayed in real time. 

Researchers are also inventing ways to harvest energy from simple human motion through 
knee-mounted devices that can generate energy from a person’s stride.  One example is 
the Biomechanical Energy Harvester created by Bionic Power, Inc., which consists of an 
aluminum chassis and generator mounted on a customized orthopedic knee brace.  This 
technology could potentially be used to help power prosthetic limbs and medical implants, 
power portable devices such as MP3 players, GPS locators or mobile phones, and provide 
light-weight portable energy for military personnel, eliminating the need for a heavy 
backpack battery.

4.5 Innovations in Transmission 
Technologies

New emerging transmission technologies will enable a new generation of grid equipment 
that will be able to endure higher electrical and mechanical stresses and provide greater 
power transfer capacity and greater flexibility.  Currently available technologies are already 
able to provide twice the capacity of similar traditional equipment with half the energy 
losses. 

4.5.1	 High-Voltage	Transmission	Line	Technologies
Electricity can be transmitted several ways and at various voltages.  The majority of current 
bulk power transmission systems in the U.S. consist of overhead AC Aluminum Conductor 
Steel Reinforced (ACSR) transmission lines that are generally rated at 230-kV or higher.  
Direct current lines comprise only about 2 percent of the total installed high-voltage 
transmission line mileage.  This is mainly due to cost, as DC systems require large power 
conversion stations at each interconnection with the traditional AC grid, while AC systems 
only require much less expensive step-down transformers to make the power usable at 
the consumer end.  Direct current systems have mainly been used for large scale one-way 
bulk power transfers, such as undersea cables.  The proposed Mid-Atlantic Power Pathway 
(MAPP) project (see details in Section 2.6.4) will utilize 500-kV high-voltage direct current 
(HVDC) for approximately 70 miles, including a 12 - 39 mile submarine crossing of the 
Chesapeake Bay.

Interest in HVDC has been increasing steadily over the last several years.  High-voltage DC 
systems are capable of carrying significantly more power over longer distances with fewer 
losses than traditional AC systems.  Ultra-HVDC systems are being installed outside the 
U.S. that operate at 800-kV and can carry 6,000 MW of electricity.  Figure 4-7 shows the eco-
nomic advantage of such a system over longer distances as compared to AC and traditional 
HVDC systems in millions of U.S. dollars (MUSDs).  An additional benefit is a typically 
smaller environmental footprint as HVDC lines are more compact and may require smaller 
right-of-ways (see Figure 4-8).  Right-of-way widths may vary based on span lengths and 
terrain conditions.
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Underground and submarine transmission 
line installations comprise a rather small per-
centage of the total line miles installed in the 
U.S. — on the order of approximately 1 per-
cent.  Although most utility companies place 
transmission lines below grade only when 
there is no feasible overhead route available 
due to increases in cost and construction 
and repair times, other reasons for this type 
of installation becoming increasingly more 
common include reduced maintenance, less 
susceptibility to weather damage, fewer 
traffic accidents involving poles, reduced 
visual impacts, and less impact to property 
values compared to comparable overhead 
transmission lines.  Historically, the most 
common type of underground transmission 
cable was the “pipe-type” filled with oil 
as an insulating material.  However, there 
has been a change in recent years from the 
traditional, oil-filled transmission cables to 
solid dielectric ones, specifically cross-linked 
polyethylene (XLPE) cables.  This particular 
type requires little maintenance; is not 
fluid-filled, and therefore, has no associated 
leaking risk or pumping stations; can operate 
at a higher temperature; has the smallest 
capacitance of any other technology options 
available; is prefabricated and tested; and can 
be implemented at longer distances.  Going 
forward, oil-filled cables will likely be phased 
out completely.

The technology with some of the greatest potential for future transmission grid improve-
ments is high-temperature superconductors (HTS), which will typically be designed for 
underground installations.  Advances in materials sciences are steadily increasing the 
temperature requirements for superconductivity, which function only in extreme cold.  
These HTS can potentially carry up to 100 times more power with few, if any, line losses as 
there is no electrical resistance in superconducting wires.  The U.S. DOE’s Office of Electric 
Delivery and Energy Reliability’s Superconductivity Program estimates that HTS power 
cables, fault current limiters, transformers, generators, and motors will be available for 
full-scale commercial use by 2012.

4.5.2	 Electricity	Storage	Technologies
Electricity storage technologies and facilities might serve to support intermittent renewable 
resources such as wind and solar.  Overall, storage can be used as a system resource, i.e., 
to help meet load requirements or to provide ancillary services; not to balance individual 
generating plants.  Federal Energy Regulatory Commission (FERC) Order 890 allows for 
non-generation resources to participate in ancillary services markets.  On January 6, 2009, 
FERC approved the Midwest Independent Transmission System Operator’s (Midwest 
ISO) proposal to use stored energy resources for contingency reserves as well as regulating 

Figure 4-7 Ultra-HVDC Comparison

Source: The ABB Group website, Brochure: Ultra High Voltage DC Systems
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Figure 4-8 Ultra-HVDC Footprint

Source: The ABB Group website, Brochure: Ultra High Voltage DC Systems
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reserves.4   Energy storage devices, including hydroelectric power, flywheels, batteries, and 
compressed air are among the storage technologies considered for regulation markets and 
for balancing intermittent renewable resources.

Pumped hydro, which generates electricity by reversing water flow between reservoirs, is 
the most widespread energy storage system in use today.  With an efficiency rate of more 
than 80 percent, pumped storage provides for approximately 20 GW of storage in the 
United States.5  Compressed air energy storage (CAES) makes use of natural and manmade 
(abandoned gas and oil wells) caverns to store compressed air and recover it for use in a 
turbine.  Excess and inexpensive electricity is used to compress and pump high pressure 
air into an underground cavern.  When electricity is needed, the air is released from the 
cavern, mixed with natural gas, and combusted leading to the air’s expansion prior to 
running it through a turbine to generate electricity.  

Flywheel systems utilize a massive rotating cylinder, and are a good fit for providing 
regulation services.  This technology can be used as a short-term buffer to smooth local 
output fluctuations from a wind-farm or photovoltaic (PV)-array.  Flywheels are commer-
cially available for development as “regulation power plants” providing up to 20 MW of 
regulation for a 40 MW swing. 

Battery storage systems are being evaluated for their ability to control and dispatch 
electricity as needed to meet demand, or for system stability.  Lithium Ion batteries and 
Sodium Sulfur batteries are already being used to provide 15 to 60 minutes of energy stor-
age as regulation services.  A handful of energy companies are beginning to test the use of 
batteries for grid management and energy storage.  AEP installed a 1.2 MW battery system 
in West Virginia in 2006, to test the storage technology and to help fill capacity gaps and 
flatten the load in the region. 

Use of plug-in all-electric and hybrid vehicles for storage of electricity is another varia-
tion on battery storage.  The idea of using the batteries of plug-in all-electric and hybrid 
vehicles as an energy storage resource is called Vehicle to Grid (V2G).  The Mid-Atlantic 
Grid Interactive Car Consortium (MAGICC)6  interconnected an AC Propulsion “eBox” (a 
converted Toyota Scion xB, fitted with an AC induction motor, AC-150 electronics and a 
custom built battery, see Figure 4-9) to the PJM grid and used the control center of PJM to 
dispatch the battery-stored electricity as a regulation resource.7   In addition to regulation, 
the V2G concept would have vehicles providing spinning reserves, back-up power supply 
service, and peak load management.  According to MAGICC, a vehicle plugged in at home 
and driven sporadically for a total of 2.5 hours might provide regulation electricity services 
for more than 21.5 hours.  In regulation down periods, the car takes in the excess electricity 
and stores it, then in regulation up periods, the car discharges electricity.8  

4.5.3	 Smart	Grid
The smart grid concept embodies the idea of bringing the electric grid into the computer 
age.  Smart grid proponents believe that the electric infrastructure will evolve over the next 
few decades into a highly automated and interconnected network similar to the internet.  
4  FERC authorizes Midwest ISO Ancillary services market for January 2009 startup, FERC News 
Release, December 18, 2008, Available: http://www.ferc.gov/news/news-releases/2008/2008-4/12-18-
08-E-3.asp
5  Sullivan, et al, p. 6
6 Consortium including: Pepco Holdings Inc. (PHI), the University of Delaware, the PJM regional 
transmission organization, AC Propulsion, and Comverge. 
7 Willet Kempton, et al, A Test of Vehicle-to-Grid (V2G) for Energy Storage and Frequency Regulation 
in the PJM System, University of Delaware, November 2008, pp. 6-7. 
8 Willet Kempton, et al, A Test of Vehicle-to-Grid (V2G) for Energy Storage and Frequency Regulation 
in the PJM System, University of Delaware, November 2008, pp. 23-24.  
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The smart grid involves a network of “smart” devices (generally ‘smart’ means devices 
contain microprocessor or computer technology) that enable real-time balancing of genera-
tion and electric delivery via information flow through intelligent systems.  Currently, grid 
operations are based on the balance of supply and demand between generators and utility 
customers. Balance is achieved through monitoring demand and adjusting supply.  The 
smart grid of the future will be mutually self-sustaining and self-correcting between energy 
suppliers and users, and largely self-balancing to ensure reliability in real time.

Utility	Advanced	Metering	Initiatives	(AMI)

In April 2007, the PSC approved BGE’s AMI pilot project in order to “gather statistically 
significant, measurable and meaningful information as to the potential positive effect 
of AMI on reducing peak system demand.”  In addition to the installation of advanced 
meters, BGE also conducted a Smart Energy Pricing pilot project to evaluate the impact 
of time differentiated electricity pricing on customer electricity consumption.  There were 
two pricing options, Dynamic Peak Pricing (DPP) and Peak Time Rebate (PTB).  With the 
DPP program customers would pay more for electricity during higher priced peak periods.  
Under the pilot program the all-in off-peak rate is $0.09425 per kilowatt hour, the peak 
rate is $0.14425, and the critical peak rate is $1.30425.  Under the PTB customers receive 
a rebate for using less energy during peak periods.  Rebates were provided at a rate of 
$1.75 per kilowatt hour for peak periods and $1.16 per kilowatt hour during a critical peak 
day.  During the pilot project the typical residential customer rate was at $0.14.  Average 
customer savings ranged between $65 and $170, depending on the program (see Figure 
4-10).  Customers had day-ahead notification of a critical peak day and were contacted via 
e-mail, telephone, and text message.  A sample of customers also had the Ambient Energy 

Figure 4-9 MAGICC Prototype

Source: Cathy Atkinson, University of Delaware
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Orb that signals relative prices 
through the use of varying colors, 
as shown in Figure 4-11.  BGE is 
planning a second phase of their AMI 
pilot project for summer 2009.  

Thus far BGE is the only Maryland 
investor-owned utility to complete 
an AMI pilot project and to start 
deploying AMI technology in Mary-
land.  BGE has submitted a proposal 
to the PSC for full-scale deployment 
of AMI technology in Maryland, 
which would include approximately 
1.36 million advanced electric meters 
and 730,000 gas meters installed over 
5 years.  BGE’s has estimated the 
initial deployment would cost about 
$482 million and has asked for an 
expedited proceeding to approve the 
request.  PHI, on behalf of Pepco and 
Delmarva Power Company, has also 
requested an expedited proceeding 
to consider the deployment of advanced meters.  Affiliate PHI companies operating 
in Delaware and the District of Columbia have already completed pilot projects 
evaluating the economic benefits of advanced meters and have begun deploying 
advanced meters throughout their service areas.  PHI estimates that the cost of full 
deployment of advanced meters in the Pepco and Delmarva Power service areas 
is $127.7 million and $51.0 million respectively.  The urgency of BGE’s and  PHI’s 
requests before the PSC are due to the current availability of federal funding for 
advanced meters and smart grid technology deployment made possible through the 
American Recovery and Reinvestment Act.  Allegheny Power has filed for approval 
to implement an Advanced Utility Infrastructure (AUI) pilot project in the Urbana 
area. AP also requested expedited consideration and approval of the pilot so that 
the company could apply for DOE funding to offset half of the costs. AP’s AUI pilot 
project would include 1,140 customers and demonstrate peak demand reductions 
and energy savings through direct customer consumption reduction and reduction 
in system losses associated with the use of AUI technology.

Smart	Grid	Integration

“Advanced metering” and “smart grid” are frequently used interchangeably.   However, 
advanced meters are just one component of a smart grid, which would enable a wide array 
of financial, informational, and “electrical” transactions among consumers and authorized 
grid users, such as regional transmission operators, distribution utilities and generators.  
A smart grid integrates advanced technologies and communication by consumer based 
resources, distribution companies, and transmission systems (see Figure 4-12).  Better 
integration of these traditional elements of electricity may one day serve to reduce utility 
and power plant operations and maintenance and capital costs by improving load factors, 
lowering system losses, and improving outage management performance.  On the consum-
er side, the smart grid will provide information, control, and options that enable consumers 
to engage in new energy markets and better home energy management.

Figure 4-10  BGE Pilot Project Savings
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Figure 4-11  Ambient 
Energy Orb
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Figure 4-12 Conceptual Illustration of Smart Grid Integration
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4.6 Federal Stimulus Funding for 
Energy Research and Development

4.6.1	 Generation	and	Clean	Coal
The American Recovery and Reinvestment Act of 2009 (ARRA), signed by President 
Obama on February 17, 2009, includes funding for research and development of both 
renewable energy and innovations in conventional energy use.  Stimulus funding made 
available to the DOE Department of Energy, Energy Efficiency, and Renewable Energy 
(EERE) totals $16.8 billion, of which $11.3 billion is designated to energy efficiency, con-
servation, and grants to state energy programs.  The remaining $5.5 billion will be used 
at the discretion of EERE to provide additional funding for various technology research 
programs, including:
1. Hydrogen Technology Program - $41.9 million to support immediate deployment of nearly 1,000 

fuel cell systems for emergency backup power and material handling applications (e.g., forklifts), 
and to accelerate the demonstration of stationary fuel cells for combined heat and power in the 
larger residential and commercial markets.
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2. Biomass Program - $786.5 million to accelerate advanced biofuels research and development and 
to	provide	additional	funding	for	commercial-scale	biorefinery	demonstration	projects.		The	DOE	
has released funding opportunity announcements for:  (a) projects that will address research and 
development efforts related to intermediate ethanol blends and algal and advanced biofuels; and 
(b)	integrated	biorefinery	projects	that	have	adequate	technical	and	economic	performance	data	
supporting their readiness for scaling up to commercial production levels.

3. Solar Energy - $175 million for solar energy, including $30 million for concentrating solar power 
(specifics	to	be	determined).

4. Wind & Hydropower Technologies Program - $12 million to support the research and develop-
ment of advanced water power technologies; $25 million to Massachusetts to develop a Wind 
Technology Testing Center that will be able to test blades longer than 50 meters; and $8.5 million 
for 53 new wind energy projects in 24 states, plus the District of Columbia to support the DOE’s 
20 Percent Wind Energy by 2030 goal. An additional $93 million is allocated to the National 
Renewable Energy Laboratory for wind energy programs including:

 • $45 million for wind turbine drive-train research, development, and testing;
 • $14 million for industry technology development projects;
 • $24 million for the development of up to three consortia between universities and industry  

 to examine wind energy deployment challenges; and
 • $10 million additional funding for the existing National Wind Technology Center. 
5.	 Geothermal	Technologies	Program	-	$400	million	(specifics	to	be	determined).	

The ARRA also provides $3.4 billion for fossil energy research, including:
•	 $800	million	for	Clean	Coal	Power	Initiatives,	which	provides	government	co-financing	for	new	

coal technologies that can help utilities reduce power plant emissions of sulfur, nitrogen and 
mercury. 

• $1.52 billion for large-scale carbon capture and storage projects from industrial sources, includ-
ing,	but	not	limited	to,	cement	plants,	chemical	plants,	refineries,	steel	and	aluminum	plants,	
manufacturing	facilities,	and	petroleum	coke-fired	and	other	power	plants.		A	second	stage	will	
include	innovative	concepts	for	beneficial	CO2 reuse and CO2 capture from the atmosphere.  In 
addition, two previously selected existing projects will be expanded to accelerate scale-up and 
testing	–	$20	million	for	the	Ramgen	Modification,	an	advanced	CO2 compression project, and 
$70.6	million	for	the	Arizona	Public	Services	Modification,	an	algae-based	carbon	mitigation	
project. 

• $70 million for a combination of geologic site characterizations and research and training related 
to geologic sequestration of CO2.

Additionally, the ARRA makes innovative energy technology research and development 
funding available through the new Advanced Research Projects Agency – Energy ($400 
million increase), and the Innovative Technology Loan Guarantee Program ($6 billion).  The 
loan guarantees are available to projects that commence construction prior to September 30, 
2011, and can be used only in support of the following project types:
• Renewable energy systems, including incremental hydropower, that generate electricity or 

thermal energy, and facilities that manufacture related components;
• Electric power transmission systems; and
• Leading edge biofuel projects that will use technologies at the pilot or demonstration scale and 

will produce  transportation fuels that reduce lifecycle greenhouse gas emissions.
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4.6.2	 Smart	Grid	Projects
The ARRA allotted $4.5 billion to DOE’s Office of Electricity Delivery and Energy Reli-
ability for investment in a nationwide plan to modernize the electric grid, enhance security 
of the U.S. energy infrastructure and ensure reliable electricity delivery to meet growing 
demand.  The DOE set aside $3.375 billion for the Smart Grid Investment Grant Program.  
Funds provided to entities from the grant program are on a cost share basis with a maxi-
mum grant of $200 million per project.  The DOE issued its solicitation and guidance for 
smart grid projects on June 25, 2009 with applications for the first round of funding due 
by August 6, 2009.  PHI and BGE submitted proposals to DOE for funding to cover half 
of PHI’s and almost half of BGE’s initial costs.  On October 27, 2009, President Obama 
announced the recipients of the smart grid funding.  BGE received $200 million and Pepco 
received $104.8 million to support their smart grid deployment plans.

4.6.3	 ARRA	in	Maryland
Maryland has been allocated $51.8 million of the total $11.3 billion designated to EERE for 
state energy programs.  MEA is proposing to use ARRA funding in the programs outlined 
in Table 4-18 in fiscal year 2010.

Table 4-18 MEA ARRA Program Funding Allocations

MEA EmPOWERing Maryland Clean Energy Programs ARRA Funding

Multi-Family Retrofits for Low and Moderate Income Families $7.5 million

Industrial/Commercial Energy Efficiency Loans and Grants $3.75 million

State Agency Loan Program $3.65 million

Residential Renewable Energy Grants $4.3 million

Renewables on Commercial and Government Buildings $3.5 million

Alternative Transportation Fuel and Infrastructure Grants $0.6 million

EmPOWERing Financing Initiative $4.0 million

Clean Energy Economic Development Initiatives $5.943 million

Clean Energy Job Training and Building Code Technical Assistance $1.25 million

Total $34.493 million

Additionally, a total of $2.7 billion in ARRA funding has been allocated to the DOE’s 
Energy Efficiency and Conservation Block Grant (EECBG) Program.  The EECBG provides 
funds to units of local and state government, Indian tribes, and territories to develop and 
implement energy efficiency and renewable energy projects.  Under the EECBG program, 
states will implement programs that lower energy use, reduce carbon pollution, and create 
green jobs locally.  The EECBG directly allocated $40 million in grants to Maryland’s top 10 
largest counties and 10 largest cities.  In September 2009, the DOE announced Maryland’s 
State energy program was receiving an additional $9.6 million in funding under the 
EECBG.  Eighty-eight percent of this allocation will be passed along to the 13 counties and 
147 municipalities that were not eligible for direct EECBG formula funding.  The counties 
will receive up to $417,000 and the municipal governments will receive up to $93,000, 
depending on population.  
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Appendix A – Permits and 
Approvals That May Be Required 
for a Power Plant in Maryland
Under Maryland regulations, most of the air quality permits and approvals that 
power plants in Maryland are required to obtain to construct new power plants 
or modify existing power plants are incorporated into the Certificate of Public 
Convenience and Necessity (CPCN).  For example, air quality Permits to Con-
struct for minor power plant sources and Prevention of Significant Deterioration 
(PSD) permits for new major power plant sources in Maryland are part of the 
CPCN.  As with all major source permits issued by the State, the U.S. Environ-
mental Protection Agency (EPA) Region III is provided the opportunity to review 
and comment on the draft licensing conditions during the CPCN process.  Cer-
tain required permits, most notably the Clean Air Act Title IV Acid Rain Program 
permits, are issued separately by EPA; however, the State does incorporate Acid 
Rain Program requirements into the CPCN.

On the other hand, several of the permits and approvals that power plants and 
transmission lines need to operate in Maryland are issued and enforced by the 
Maryland Department of the Environment (MDE).  For example, facility-wide 
Title V Operating Permits are administered by MDE. 

The CPCN also encompasses the water appropriation permitting process for 
a new power plant.  Obtaining a CPCN grants a facility developer the right to 
withdraw ground water and surface water, subject to relevant permit conditions 
that are incorporated into the CPCN (such as flow monitoring and reporting).

The table below lists the permits and approvals that may be required for a new 
power plant or transmission line in Maryland.  The highlighted rows indicate 
those permits that are included within the CPCN.  While there are several per-
mits that are issued separately from the CPCN, PPRP evaluates the entire suite of 
environmental and socioeconomic impacts during the consolidated licensing re-
view process (described in Chapter 1 of this report).  It should also be noted that 
the CPCN process supersedes local zoning requirements.  PPRP considers land 
use compatibility and zoning designations as part of the overall project evalua-
tion; however, an applicant does not need to obtain formal zoning approval from 
the local planning authority. 



M a r y l a n d  C u M u l at i v e  e n v i r o n M e n ta l  i M pa C t  r e p o r t  —  1 5 t h  e d i t i o n

a-2

List of Permits and Approvals Typically Required for Construction and Operation of 
Power Plants in Maryland

Subject Description
Regulatory Entity Issuing 
Permit in Maryland Comments

CPCN Certificate of Public Convenience and Necessity Maryland Public Service 
Commission (PSC)

Incorporates several State and  
federal permits and approvals — those 
incorporated into CPCN  
are highlighted

AIR QUALITY

Air Quality Permit to 
Construct

Applies to any minor new, modified, or 
reconstructed sources of air pollution

PSC/Maryland Department 
of the Environment (MDE)

Constitutes “minor NSR construction 
permit”, see PUC 7-208 

Nonattainment Area New 
Source Review (NA-NSR) 

Required for new or modified major sources 
that emit VOCs or NOx; requirements and 
limitations are location-specific

PSC/MDE Requires Lowest Achievable Emission Rate 
(LAER), offsets, and alternatives analyses, 
see PUC 7-208

Prevention of Significant 
Deterioration (PSD) 

Required for major new or modified sources in 
attainment areas with potential emissions over 
100 tons per year

PSC/MDE Requires air quality monitoring, Best 
Achievable Control Technology (BACT), 
ambient impact analyses (modeling), impact 
on surrounding Class I areas, see PUC 7-208

Title V Operating Permit 
(federal) and Maryland 
Permit to Operate

Facility-wide permit to operate MDE Title V operating permit application may  
be filed in conjunction with CPCN,  
see EN 2-405

Title IV - Acid Rain Permit Covers “affected” power plant generating units 
for minor SO2 emissions

MDE Requires continuous emission monitoring, 
recording, and reporting; acquisition of SO2 
allowances

Clean Air Act Section 112(r) Risk management plan for storage of ammonia 
and other toxic substances, as listed

EPA May apply to facilities that use ammonia in 
SCR systems to control NOx

Clean Air Interstate Rule 
(CAIR)

The rule uses a cap and trade system to reduce 
sulfur dioxide (SO2) and nitrogen oxides (NOx) 
by 70 percent.

MDE Applies to 28 eastern states and the District 
of Columbia

WATER QUALITY AND USE

Waterway Construction Applies to construction within State wetlands 
and waterways

MDE/USACE Wetland impact determination necessary

Maryland Coastal Zone 
Management Program

Balances development and protection in the 
coastal zone, which includes the Chesapeake 
Bay, coastal bays, and Atlantic Ocean, as well as 
the towns, cities and counties that contain/help 
govern the coastline

MDE/NOAA State and federally coordinated program

Chesapeake Bay Critical 
Areas Act

Protects MD’s Critical Areas, which is all land 
within 1,000 feet of the Mean High Water Line 
of tidal waters or the landward edge of tidal 
wetlands and all waters of and lands under the 
Chesapeake Bay and its tributaries.

DNR/County/ Municipality Enforced at the local or county level

Erosion/Sediment Control 
Plan Approval

Plan to prevent erosion and stormwater 
pollution during construction

County Required before construction disturbing 
5,000+ square feet of area

Storm Water Management 
Plan

Plan to prevent storm water pollution associated 
with industrial activities.

County Required prior to discharging storm water 
associated with industrial activity

Surface Water Discharge/ 
NPDES Permit

Combined state and federal permit for industrial 
wastewater and possibly storm water discharge 
to state waters.  Must meet applicable federal 
effluent guidelines, satisfy state water quality 
standards, and comply with Section 316(b) 
regulations regarding surface withdrawals 

MDE Individual NPDES permits may include 
discharge of storm water associated with 
industrial activities.  If not, facility must 
apply for a general permit for these activities.  
The permit application is due 180 days 
before discharge commences.

Note:  Grey highlighted rows indicate those permits and approvals that are incorporated into the CPCN.
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Subject Description
Regulatory Entity Issuing 
Permit in Maryland Comments

General Storm Water 
Permit (Industrial Activity)

For discharges associated with industrial activity MDE/County Conservation 
District

MDE determines whether a facility can 
operate under a general storm water permit.  

Wellhead Protection 
Program

Groundwater protection MDE/County/ Municipality Applies to public water supply wells and 
wells in groundwater management areas

Water and Sewerage 
Conveyance and 
Construction Permit

Required before installing, extending or 
modifying community water supply and/or 
sewerage systems including treatment plants, 
pumping stations and major water mains and 
sanitary sewers

POTW or County/ 
Municipality

Required to ensure that infrastructure 
projects throughout the State are designed 
on sound engineering principles and comply 
with State design guidelines to protect water 
quality and public health.

Dam and Reservoir Safety 
Permit

If applicable, for any lake or pond used for 
non-process water

MDE/USACE 640 acre drainage area, 20 foot or greater 
embankment, high hazard class, natural 
trout water

Maryland Water Quality 
Certification

CWA Section 401, for construction in wetlands MDE Wetland impact determination necessary

Surface Water Withdrawal 
Permit/Water 
Appropriation & Use 
Permit

Water Appropriation and Use is tracked by a 
Water Resources Administration Permit

PSC/MDE The appropriation of either surface or 
groundwater is incorporated into the CPCN.  
Trigger:  withdrawal exceeding 10,000 
gallons per day.

Public Water Supply Line 
Connection

A variety of Clean Water Act permits, SHPO 
clearance, NRCS consultation, floodplain 
permitting, and road boring permits

County/ Municipality

Tidal Wetland Permit Joint state-federal review and permitting for 
tidal wetland impacts

PSC/MDE Water 
Management Administration 
(WMA)/USACE

Wetland impact determination necessary

Non-Tidal Wetlands Permit Joint state-federal review and permitting for 
non-tidal wetland impacts

MDE WMA/ USACE Wetland impact determination necessary

Groundwater Withdrawal Required for any groundwater withdrawal PSC/MDE Requires submittal of application to 
Water Management Administration for 
any withdrawal of groundwater for use 
in project (sanitary water, process water, 
cooling, etc…).  Also have to conduct impact 
assessment.

Consumptive Use Review 
and Approval Process

Required for new consumptive water uses  
in the Susquehanna River basin

Susquehanna River Basin 
Commission

Requires approval by Commission for 
any new consumptive water uses or if  
consumptive use exce eds an average of 
20,000 gallons per day for any consecutive 
30-day period

OTHER APPROVALS AND NOTIFICATIONS

Facility Response Plan For oil pollution prevention EPA All owners/operators of non-transportation 
related onshore facilities with greater than 
1,000 gallons of oil on-site and the potential 
to discharge oil into navigable waters must 
prepare and submit plan

Sanitary Sewer Permit/
Industrial User’s Permit

For plant sanitary or process waste disposal to 
municipal facilities, a WWTP Permit must be 
obtained from the Publicly Owned Treatment 
Works (POTW)

Municipal  
Authorities

Health Department Permit If septic tanks are used for sanitary waste, a 
Health Department Permit must be obtained

County

Spill Prevention Control 
and Countermeasure 
(SPCC)/Storage tank 
regulations

Plan to prevent and manage accidental spills of 
petroleum products stored on site

MDE Typical threshold quantities of petroleum 
products:  1,320 total above ground gallons 
(for tanks 55 gallons or greater), and 4,200 
gallons underground

Note:  Grey highlighted rows indicate those permits and approvals that are incorporated into the CPCN.
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Note:  Grey highlighted rows indicate those permits and approvals that are incorporated into the CPCN.

Subject Description
Regulatory Entity Issuing 
Permit in Maryland Comments

Oil Operations Permit State permit required for the operation of oil 
storage tanks

MDE Required for storage of 10,000+ gallons of oil 
in above-ground tanks, transportation of oil, 
or operation of oil transfer facilities

Local building permits 
during construction

Requirements under local ordinances to be filed 
as necessary with County

County/ Municipality Includes building permit and zoning and site 
plan approvals as applicable

Forest Conservation Act Requirements to prepare Forest Stand 
Delineations and Forest Conservation Plans

DNR

Phase II Cultural Resources 
Investigation

Research potential significant impacts to cultural 
resources on site

MHT Coordinate with MD State Historic 
Preservation Officer if necessary

National Historic 
Preservation Act/ MD 
Historical Trust Act

Protection of cultural/historic artifacts found 
during development

MHT Coordinate with MD State Historic 
Preservation Officer if necessary

Threatened and 
Endangered Species 
Clearance

State-implemented program under the 
Endangered Species Act; includes field 
investigations and data research

DNR Heritage and 
Biodiversity Conservation 
Programs

Coordinate with US Fish & Wildlife Service 
and NOAA

Stack or Turbine Height 
Notification (FAA)

Notify Federal Aviation Administration (FAA) of 
stack or turbine height

FAA 200 feet above ground level and higher 
stacks or wind turbine structures

Oversize Equipment 
Delivery Permit

For delivery of oversize and/or super loads of 
construction equipment from rail to site

Maryland Department of 
Transportation (MDOT)

Threshold (only 1 needs to be exceeded to 
trigger permit) 16 ft. wide, 16 ft. high, 150 ft. 
overall length, 132,000 lb. weight

New Roadway Access 
Permit

To cover new road to plant MDOT Letter of request, location sketch, overall site 
plan, scaled drawings, grading and drainage 
plan, entrance plan and method of restoring 
disturbed land

Solid Waste Disposal 
Permit for Construction 
and Demolition Debris

For removal and disposal of solid waste during 
construction 

MDE/County/ Municipality If waste is taken off site, it must be taken to a 
properly permitted facility

Utility Occupancy of  
SHA-owned Land

For projects that are proposed for location on 
property owned by SHA.

State Highway 
Administration (SHA)

Approval for Solid Waste 
Disposal

If waste, such as fly ash, is taken off-site, it must 
be taken to a properly permitted facility

MDE

Notification of Regulated 
Waste Activity

For waste oil, universal waste, hazardous waste, 
disposal registration, RCRA modification

MDE If facility wishes to haul its own regulated 
waste, an additional permit may be 
necessary

Notice of Proposed 
Construction or Alteration

For projects located near an airport or landing 
strip

FAA, MDOT Required if proximity to airport or landing 
strip within 1 mile of any portion of the 
proposed route

PCB Registration Covers disposal of electrical transformers that 
previously contained PCBs which are proposed 
to be disposed at a Class I or II residual waste 
landfill

EPA Thresholds are 50 to 500 ppm PCBs for 
transformers and other PCB-containing 
wastes 

National Environmental 
Policy Act (NEPA)

Completion of an Environmental Assessment 
(EA) or Environmental Impact Statement (EIS)

Federal entity, such as 
USACE or NPS

Triggered when project crosses federal lands



Appendix B 
Electricity Markets and Retail 
Competition 



(This	Page	Intentionally	Left	Blank)



B - �

M a r y l a n d  C u M u l at i v e  e n v i r o n M e n ta l  i M pa C t  r e p o r t  —  � 5 t h  e d i t i o n

Appendix B – Electricity Markets 
and Retail Competition

Introduction
Effective July 2000, the Maryland Electric Customer Choice and Competition Act of 1999 
restructured the electric utility industry to allow Maryland businesses and residents to 
shop for power from suppliers other than their franchised electric utilities.  Prior to restruc-
turing, the local electric utility, operating as a regulated, franchised monopoly, supplied 
electricity to all end-use customers within its franchised service area under bundled service 
rates.  These rates included the three principal components of electric power service:  
generation, transmission, and distribution.  Under retail competition, electricity suppliers 
purchase electricity on the wholesale market for resale to electricity consumers.  Consum-
ers may choose any supplier with a license to sell electricity in Maryland.  Those consumers 
who do not select a supplier or are unable to receive service from a competitive supplier are 
provided with electricity service by their regulated utility, which contracts with wholesale 
suppliers on behalf of its consumers, under the supervision and guidance of the Maryland 
Public Service Commission.  This appendix provides a background on electricity markets 
and the influence of markets, technology, fuel, and environmental regulations on the retail 
prices paid by end-use consumers.

Wholesale Markets and PJM
The majority of electricity sales and purchases that occur in the wholesale market of the 
PJM Regional Transmission Organization are bilateral transactions, where two entities 
negotiate a contract for the sale and purchase of electricity according to the terms estab-
lished in a contract.  These bilateral contracts may be the result of a competitive solicitation 
or a privately negotiated power purchase agreement, the details of which are typically 
kept confidential.  Entities seeking to buy and/or sell electricity might also look to one or 
more of the regional markets and trading platforms.  Electricity trades can be categorized 
according to two main classes:  physical trading and financial trading.  In physical trad-
ing, the electricity supply is balanced against demand and price is established at the point 
where the highest offer for electricity (supply) meets the lowest bid for electricity (demand) 
so that the load requirements are met.  Physical trades can be determined in advance of 
trading (e.g., participation in day-ahead markets) or after trading (e.g., imbalance markets 
and ancillary services).1

The primary purpose of financial trading is to protect against expected price volatility and 
provide price discovery for purposes of evaluating future supply contracts.  However, 
power marketers and traders can also use electricity futures contracts to obtain physical 
electricity at the hub.  This delivery potential helps to validate the futures prices.  Financial 
trading is conducted through a financial market or exchange such as the Intercontinental 
Exchange, the New York Mercantile Exchange, or Chicago Board of Trade according to the 
specifications determined by the commodity exchange. 

1  The term “ancillary services” refers to a suite of services necessary for the reliable generation and 
delivery of power and includes such services as reactive supply and voltage control, scheduling, 
and operating reserves.   A more detailed discussion of ancillary services is provided later in this 
appendix.
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The electricity supply markets in PJM’s wholesale electric market consist of four separately 
organized units, defined in greater detail below:  two markets for the sale or purchase of 
energy (the Day-Ahead and Real-Time Markets); and two markets designed to support the 
various services required to keep the electricity system functioning (the Capacity Market 
and the Ancillary Services Markets).  These markets are competitive and suppliers and 
buyers submit bids and offers.  The prices for electricity, capacity, and ancillary services are 
set through the balancing of supply and demand.  The four different wholesale markets are 
discussed in detail below.  

Markets for Energy
Two separate PJM markets exist for the daily buying and selling of electricity.  These are 
the Day-Ahead Market and the Real-Time Market.  These markets operate on the basis of 
locational marginal prices (LMPs)—electricity prices that vary by time and geographic loca-
tion.  Sellers include those entities offering electricity supply such as generation companies, 
agents who may have contracts with generators, curtailment service providers (or demand 
response providers) who offer to reduce load on demand (a form of negative supply that 
serves to balance supply and demand as effectively as additional generation), and brokers.  
Buyers consist of those needing electricity, which can include brokers and companies 
termed “load serving entities” (LSEs).  A load serving entity is any supplier, including regu-
lated utilities providing standard offer service or default service, that is responsible for the 
sale of electricity to a retail customer.  Along with electricity, LSEs must also purchase their 
proportionate share of the PJM system’s peak capacity (to ensure reliability) and transmis-
sion services (to move the electricity from the generator to the distribution system).

Day-Ahead Market

The Day-Ahead Market is a spot market (deliveries are expected in a month or less at 
that day’s quoted price) in which participants can purchase and sell energy for the next 
operating day.  It provides the opportunity to request short-term energy and transmission 
services to meet electricity needs.  Hourly LMPs are calculated by PJM for the next operat-
ing day based on generation offers and demand bids.  PJM then matches bids and offers 
and sets the price for the Day-Ahead Market, creating a financially binding day-ahead 
schedule based on the known electric deliveries and corresponding hourly prices for a 
specific hour and location. 

Each supplier in PJM submits hourly supply schedules specifying the amounts of genera-
tion at various prices it would be willing to supply.  PJM arrays these bids from lowest 
to highest price, adjusting each price to reflect incremental system losses.  Incremental 
losses are specific to each generation bus and reflect the impact on total system losses of 
an increase in generation.  The price bid submitted by the last generating unit required to 
meet demand (the marginal unit) becomes the hourly dispatch rate.  PJM then computes 
hourly LMPs by adjusting dispatch rates to include the effect of congestion.  Congestion 
is also location-specific and reflects the manner in which PJM must resolve transmission 
constraints to serve load at various locations on the grid.  If the transmission interface with 
PJM West is constrained, for example, PJM may have to order the dispatch of generating 
units elsewhere in PJM, out of economic merit order, in order to supply load in the east.

Real-Time Energy Market

The Real-Time Market acts as the balancing market between what was scheduled through 
the Day-Ahead Market and bilateral transactions, and what is required to meet real-time 
energy needs.  This is a spot market where LMPs for each zone are calculated at five-
minute intervals based on actual electricity grid operating conditions.  Transactions are 
settled hourly.  LSEs pay the real-time LMP for any demand that exceeds their day-ahead 
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scheduled quantities.  In cases where an LSE uses less energy than it purchased in the 
day-ahead market, the LSE can sell that excess energy back into the real-time market and 
receive revenues for it.  Generators are paid real-time LMP for any generation that exceeds 
their day-ahead scheduled quantities as it gets sold at the real-time price into the market.  
Generators also must pay the real-time LMP for generation deviations below their sched-
uled quantities as the electricity they had promised to supply must now be supplied by 
other generators who need to be compensated.  PJM tracks the supply and demand of each 
market participant and assigns costs and revenues accordingly, on an hourly basis.

Capacity Market
Capacity refers to the amount of electricity generation available at any given time.  The 
capacity market is a forward market where LSEs purchase supply-side and demand-side 
capacity resources.  Each LSE is required to have available its share of the PJM system peak 
plus a reserve margin of an additional 15 percent of peak load.  This means that the system 
as a whole must always have more generation capacity available than what is expected to 
be required to meet peak loads so that extra electricity generation can be brought into use 
if needed, e.g., in the event of an unplanned outage of one or more large generating plants 
or extreme weather conditions.  LSEs can acquire capacity in one of several ways, includ-
ing procuring generating resources (either through construction or purchase), purchasing 
capacity under a bilateral agreement, or participation in the PJM capacity market.  

The current PJM capacity market is based on PJM’s Reliability Pricing Model (RPM), and 
was implemented in 2007 as a means to provide power plant developers with price signals 
to influence decisions on whether (and where) to construct new power plants and to 
provide owners of existing generation with price signals to influence decisions on whether 
to retire existing plants.  Prior to development of the RPM, PJM contended, and many 
agreed, that the PJM market for generating capacity was not performing adequately, and 
that the market prices for capacity were too low to provide incentives for new power plant 
development.  Additionally, the pre-RPM capacity market was highly susceptible to market 
manipulation, provided no mechanism for capacity payments for load response and 
demand-side management, resulted in uniform capacity prices throughout PJM, and only 
provided capacity prices out one year.

The RPM is an approach developed by PJM and used to provide a market price for capacity 
that is aligned with PJM’s assessment of the cost of new entry, i.e., the level of revenue that 
a power plant developer would require to make the decision to develop peaking resources 
economically feasible.  The approach also recognizes and accommodates higher capacity 
prices when PJM is capacity short and lower prices when excess capacity exists.

How the RPM Works

Fundamentally, the market clearing price is determined through the intersection of a 
demand curve and a supply curve.  

The Demand Curve – the downward sloping demand curve, referred to by PJM as the 
Variable Resource Requirement (VRR), is developed for the PJM region and also for the 
locational delivery areas (LDAs).2  This curve is plotted on a graph with dollars per MW-
day on the vertical axis and MW of capacity (or percentage of reliability requirement) on 
the horizontal axis.  

The Supply Curve – the supply curve is obtained by PJM through the capacity bids offered 
by the capacity owners.  Eligible capacity includes existing and new capacity, demand-side 
resources (e.g., load response), and qualified transmission upgrades.  The capacity offers 

2 PJM divides the PJM region into delivery areas based on transmission connections and constraints.
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from the auction are stacked (lowest cost to highest cost), resulting in an upward sloping 
supply curve.  The auction clearing price is determined by the intersection of the VRR and 
the supply curve (the auction bids).

PJM conducts a Base Residual Auction (BRA) to obtain committed capacity for LSEs that 
have not entered into bilateral contracts with capacity owners, do not own generation 
capacity, and have not opted for the Firm Resource Requirement (FRR)  alternative.3  The 
BRA is conducted three years in advance of the year for which the capacity will be com-
mitted (e.g., the BRA for the planning year June 2012 through May 2013 was held in May 
2009).  The BRA process determines the market clearing quantity and price for capacity for 
PJM as a whole and for each LDA based on the intersection of the demand curve and sup-
ply curve.  The capacity resources that clear the BRA receive the market-clearing price and 
assume the obligation to provide capacity in the relevant planning year.  Failure to satisfy 
that obligation entails significant penalties.

PJM may conduct “incremental auctions” following the BRA.  The purpose of the incre-
mental auctions is to allow cleared resources in the BRA to adjust the capacity quantities 
bid (for example, for planned resources that may not become available in the quantities 
expected or for unanticipated additional quantities).  Additionally, PJM can use the incre-
mental auction option to secure additional capacity if the peak load forecast is increased.  

Since the introduction of the RPM capacity market, the price for capacity has increased 
significantly throughout the PJM region.  Figure B-1 shows historic capacity prices along 
with RPM prices out to 2011 arising from the PJM auctions.

Ancillary Services Market  
Ancillary services are all the services necessary to support the transfer of energy from 

generation resources to end-users 
or load, while maintaining the 
integrity of the transmission 
system.  Ancillary services include:  
scheduling, system control, and 
dispatch; reactive supply and 
voltage control; regulation and 
frequency response; energy 
imbalance; and operating reserves.  
Costs for ancillary services are 
recovered from a combination 
of market-based and cost-based 
pricing cleared or set by PJM.  
Market-based services set prices 
through auctions, such as genera-
tors bidding to offer regulation 
and/or reserve energy.  Cost-based 
services are provided by PJM and 
billed to participants according 
to a set rate based on revenue 
requirements.  

An important element of PJM’s 
ancillary services is energy regula-

3 Certain LSEs (utilities, electric cooperatives, or municipal utilities) may opt to commit capacity to 
meet peak demand plus the reserve requirement on a firm basis for a minimum five-year period and 
subject to PJM approval.

Figure B-1  Average Annual PJM Capacity Prices 
 

Source:  Monitoring Analytics, “2008 State of the Market Report for PJM,” March 11, 2009.
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tion.  Regulation service matches generation with short-term changes in load, maintaining 
desired frequency and voltage by increasing or decreasing the output of selected generators 
as needed via automated control signals.  Longer-term deviations from scheduled load are 
met by the reserves and generator responses to economic signals.  The regulation require-
ment is set daily and is equal to 1 percent of the forecast peak load.  Generation or load 
response unit owners enter an offer price for the day and if called upon are paid the current 
daily price for either generation or load reduction.  

Reserves represent the generating capability that is standing by ready for service in the 
event of a disruption on the power system, such as the loss of a generator.  These operating 
reserves, the standby generation made available to serve load in case there is an unplanned 
event, are not the same as the 15 percent reserve requirement, which is an annual capacity 
obligation based on the average of the five highest seasonal peaks.  The 15 percent annual 
reserve requirement refers to the overall amount of extra capacity that must be maintained 
in the PJM system as a whole in order to maintain a specified level of reliability.  In other 
words, the PJM system must always maintain a condition where overall generation ability 
exceeds overall electricity use by 15 percent.  The operating reserves refer to the amount of 
generation kept in standby mode so it can be called upon in case of an emergency, such as 
a major unit tripping offline.  Reserves can include both supply-side resources, i.e., power 
plants, and demand-side resources such as end-users participating in load management or 
load curtailment programs who can quickly reduce the amount of electricity they are using 
when called to do so.  Primary reserves are those resources available within 10 minutes of 
a request by PJM.  Secondary reserves must be available within 30 minutes of a request.  
Synchronized or spinning reserves are typically the first primary resources called upon and 
are paid to be available, whether called upon to respond to an event or not.  These are the 
reserve units that are either already running but idling in standby mode, or can be started 
up very quickly and synchronized with the grid, and can therefore supply energy within 
the 10 minute timeframe. 

Market Pricing
Factors Affecting Locational Marginal Prices
The PJM region is divided into several different zones (shown in Figure B-2) organized 
primarily according to the service territories of the distribution utilities.  PJM tracks the 
demand and supply of electricity within each zone.  The spot market price of electricity is 
based on the supply and demand for electricity for that time of day in that area.  Depend-
ing upon local conditions, the price for electricity can be very different from zone to zone 
for the same time of the day.  The disparity of prices from zone to zone is largely attribut-
able to the ability, or inability, to transmit electricity from one zone to another.  The transfer 
of electricity between zones is sometimes limited by the size or capacity of the transmission 
system.  For a system not constrained by transmission grid limitations, conditions in all 
zones would be the same at all times and the marginal prices would be equal in all areas 
at any given time.  However, in the wholesale electricity market, LMPs vary because of 
physical system limitations, congestion, and loss factors.  This transmission congestion can 
have a significant impact on the price of electricity in the wholesale markets.  Generators 
selling electricity in a zone with transmission congestion may be able to obtain higher 
prices than a generator with comparable operating costs located in a zone that is not subject 
to transmission congestion. 
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LMPs, as established at each zone, can be summarized according to time of day; peak hours 
are Monday through Friday (except holidays) from 7:00 am to 11:00 p.m., off-peak are the 
remaining evening, weekend, and holiday hours.  Table B-1 provides the PJM average and 
median prices experienced over the 2008 calendar year.

Operating costs and other factors contribute to the bid prices offered by generators and the 
resulting overall annual average LMP.  Fuel costs make up the largest share of generator 
operating costs and therefore contribute most to the bid price and hence LMP (see Figure 
B-3).  The PJM Market Monitor calculates the factors contributing to annual average LMP 
based on the weighted average of the factors influencing the generator bid prices at specific 
locations.  This weighted average considers both on- and off-peak prices, and which plants 
are operating on the margin in which conditions.  In 2008, the capital and fuel supply costs 
of coal-fired generators made up 37 percent of the annual average LMP, while gas-fired 
generators made up 51 percent.  Gas-fired generators are higher priced units, operating on 
the margin during peak periods, and therefore, contribute more to the average LMP.

In addition to fuel costs, other factors 
contributing to price levels include 
environmental costs, non-fuel operating 
costs, and profit margins.  All generators 
are paid the LMP in their zone; the PJM 
Market Monitor calculates these factors 
for information purposes only.   

Figure B-2  PJM Zones

Table B-1 PJM Off-Peak and On-Peak Simple Average 
LMP for 2008

Day Ahead Real Time
Off Peak ($/MW) On Peak ($/MW) Off Peak ($/MW) On Peak ($/MW)

Average $53.11 $81.00 $53.76 $80.87
Median $46.92 $73.92 $43.38 $70.81
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Average annual LMPs have been rising since the late 
1990s, more than doubling from 1998 to 2008 (see 
Table B-2).  During this period, a large portion of the 
constructed new generating capacity has been natu-
ral gas-fired.  Natural gas and petroleum prices have 
tripled between 1998 and 2008, due to the nature of 
the commodity markets and short-term supply con-
tracts, these price increases were quickly reflected in 
electricity generation bid prices.  Figure B-4 depicts 
fuel costs for electricity suppliers between 1996 and 
2008.  Natural gas prices have declined significantly 
between 2008 and 2009, and this decline in the cost 
of natural gas has put downward pressure on the 
market prices for electric power.

The cost of uranium fuel (not shown in Figure B-4) 
is only a small part of the overall operating and 
maintenance cost for a nuclear facility. However, the 
price of uranium has increased significantly over the 
last decade, rising from $12.14 per pound in 1998 to 
$45.88 per pound in 2008. A pound of uranium pro-
vides approximately 171 MMBtu, therefore, the cost 
to the electric power industry was approximately 27 
cents per MMBtu in 2008.

Figure B-3 Components of Load Weighted 
Annual Average LMP (2008)
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Table B-2 PJM Load-Weighted Average LMP

Year LMP per MWh Change from Previous Year Percent Change

1998 24.16 NA NA

1999 34.07 9.91 41.0%

2000 30.72 ($3.35) (9.8%)

2001 36.65 $5.93 19.3%

2002 31.58 ($5.07) (13.8%)

2003 41.23 $9.65 30.6%

2004 42.87 $1.64 4.0%

2005 62.50 $19.63 45.8%

2006 51.33 ($11.17) (17.9%)

2007 57.88 $6.55 12.8%

2008 70.25 $12.37 21.4%
Source:  PJM, 2006 State of the Market Report (years 1998 to 2003) and Monitoring Analytics, “2008 State of the 
Market Report for PJM” (years 2004 to 2008). 

The dispatcher must at all times respect the physical limitations of the transmission 
system, including thermal limits, voltage limits, and the need for the system to maintain 
equilibrium.  These limitations sometimes prevent the use of the next least-cost generator, 
instead causing the dispatch of a higher-cost generator located closer to the load in lieu of a 
lower-cost generator located at a greater distance from the load.  LMP differentials caused 
by transmission system limitations between zones are referred to as congestion.  The PJM 
system is divided into three regions — Western, Mid-Atlantic, and Southern Regions.  LMP 
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differentials between regions are mainly due to congestion between the Western Region, 
where abundant low-cost generation is located, and the Mid-Atlantic Region, in which the 
major load centers are located, which can lead to significantly different electricity prices 
in the states that comprise PJM (see Table B-3). Additional information on congestion is 
provided in Chapter 2 of this CEIR.

Table B-3 Real-Time Annual Load-Weighted  
Average LMP for 2008

State LMP

Delaware $82.25

Illinois $53.63

Indiana $55.98

Kentucky $57.45

Maryland $87.10

Michigan $58.07

New Jersey $86.48

North Carolina $80.28

Ohio $55.90

Pennsylvania $73.29

Tennessee $56.67

Virginia $79.65

West Virginia $58.21

District of Columbia $86.68

Source:  Monitoring Analytics, “2008 State of the Market Report for PJM,” March 11, 2009.

Figure B-4 Fuel Costs for the Electric Power Industry
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Appendix C – Forecasting 
Electricity Load Growth in 
Maryland

Introduction
From the early 1980s through the enactment of Maryland’s Electric Customer Choice 
and Competition Act of 1999, the Power Plant Research Program (PPRP) undertook 
the development of independent, long-range forecasts of electric energy sales and peak 
demands for each of the four investor-owned electric utilities that operated in the state.  
With the enactment of competitive restructuring, Maryland’s traditional electric utilities no 
longer had the responsibility of ensuring adequate electricity generation in their respective 
service areas.  As a consequence, developing independent forecasts of electric energy sales 
and peak demands on a utility-by-utility basis no longer served the purpose of allowing an 
independent assessment of utility planning to meet future power supply requirements.  To 
accommodate the new electric utility industry structure, PPRP modified its forecasting to 
take instead a statewide approach to forecasting demand.  

In the last few years, the ability of the market to deliver adequate capacity resources and 
the lack of any centralized resource planning has prompted regulators to institute regional 
resource planning requirements for utilities and regional transmission operators.  In Mary-
land, the PJM Interconnection is the regional transmission operator and is now responsible 
for conducting regional transmission planning.  As part of transmission planning, PJM 
creates an annual forecast of electricity load growth in the PJM footprint.  Additionally, the 
Maryland PSC is increasingly directing the utilities to perform capacity adequacy planning.  
PPRP’s last electricity demand forecast was conducted in 2006 and due to the forecast-
ing functions being taken over by the other entities, in the future, PPRP will rely on the 
forecasts being prepared by the utilities and PJM.  This appendix provides the results of the 
most recent (2008) PJM load forecast of electric energy consumption in Maryland.

Methodological Summary
PJM conducts load forecasts by PJM zone (see Figure C-1), which are based largely on 
the boundaries of the primary electric company in the region.  Maryland is a part of four 
separate PJM zones, only one of which is entirely located within the state boundaries.   
•	 APS – this is a large zone encompassing all of Allegheny Power’s utility services geographic 

area, which includes West Penn Power Company (Pennsylvania), Monongahela Power Company 
(West Virginia), and the Potomac Edison Company (Western Maryland, Virginia, and West 
Virginia).   Maryland is only a very small portion of this zone; according to Allegheny Power’s 
end-use electricity sales data, 15 percent of utility electricity sales in 2008 were in Maryland. 

•	 BGE – this zone consists of the Baltimore Gas & Electric service area.  This is the only zone 
entirely within the state.

•	 DPL – this zone coincides with Delmarva Power’s geographic service area covering all of 
Delaware and the Eastern Shore region.  
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Figure C-1 PJM Load Forecast Zones

Source: PJM Load Forecast Report, January 2009.

•	 Pepco – this zone includes all of Potomac Electric Company’s geographic service area, which 
includes the District of Columbia and Montgomery and Prince George’s counties, along with 
southern Maryland.  

PJM collects hourly load data for each electric distribution company on its system.  The 
hourly load data is used for operational analysis, to derive seasonal load profiles and 
weather normalization factors, and for preparing the various charts and tables contained 
in the PJM Load Forecast Report.  PJM uses econometric multiple regression models to 
estimate the daily peak load for each of the zones.  Economic drivers can be included at 
the national, state, or metropolitan level.  PJM uses Gross Metropolitan Product as its base 
economic statistic and demographic data.  For the peak demand forecast, the hourly load 
data is the dependent variable and for the energy forecast, the dependent variable is daily 
energy consumption.

Energy Consumption Projections
The effects of the economic recession resulted in a slowdown in electricity load growth 
between 2008 and 2009.  Total electricity consumption in PJM for 2008 was 716,198 GWh, 
and in 2009, it is projected to be 712,236 GWh.  Many (though not all) PJM zones expe-
rienced negative growth in electricity consumption between 2008 and 2009.  The largest 
drop in consumption is expected in the western zones, with the PJM Western Region 
experiencing a 1.3 percent drop in electricity use between 2008 and 2009.  The Maryland 
zones, however, are not expected to experience negative growth, though as can be seen in 
Table C-1, there is a slowing of demand growth in all but the Pepco zone (which contains 
the District of Columbia).  
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Table C-2 PJM Historical Energy

PJM RTO Unrestricted Load (GWh)

Year Energy (GWh) Growth Rate

2003 675,439 --

2004 689,523 2.0%

2005 712,246 3.3%

2006 694,971 (2.4%)

2007 724,454 4.2%

2008 714,108 (1.4%)

2009* 712,236 (0.3%)

Average Annual Growth Rate

2003-2008 1.2%

2003-2009 0.9%

*Data from 2009 is projected energy consumption from the 2009 
Load Forecast. 
Source:  PJM Hourly Unrestricted Load 1998-2008, January 28, 
2009.

PJM does not expect this situation to continue into 2010, but projects an economic rebound 
that will return annual load growth to the projected average annual growth rate of 1.6 
percent for the next 10 years.  PJM projects total consumption at 719,433 GWh in 2010, 
exceeding the 2008 level.  BGE, in particular, does not see very much of a decrease in 
electricity demand.  PJM expects the BGE zone to have accelerated load growth as a result 
of the U.S. Military Base Realignment and Closure Program.

Table C-1 PJM Energy Consumption Forecast by Zone

Electricity Consumption (GWh)

Year APS BGE DPL Pepco Total

2007* 51,040 34,967 19,730 32,883 138,620
2008 48,864 34,402 19,094 32,230 134,590
2009 49,309 34,928 19,136 33,063 136,436
2010 50,176 35,520 19,230 33,391 138,317
2011 51,468 36,442 19,735 33,951 141,596
2012 52,674 37,054 20,397 34,655 144,780
2014 53,882 37,944 21,161 35,404 148,391
2016 55,141 39,308 21,805 36,241 152,495
2018 56,155 40,450 22,401 36,913 155,919
2020 57,539 41,814 23,167 37,791 160,311

Electricity Consumption Average Annual Growth Rates

2007-2009 (1.7%) (0.1%) (1.5%) 0.3% (0.8%)
2008-2009 0.9% 1.5% 0.2% 2.6% 1.3%
2009-2015 1.7% 1.7% 1.9% 1.3% 1.7%
2015-2020 1.1% 1.6% 1.5% 1.1% 1.3%
2009-2020 1.4% 1.6% 1.7% 1.2% 1.5%

*Data for 2007 are estimates from PJM 2008 Load Forecast Report. 
Source:  PJM 2009 Load Forecast Report, January 2009.

Peak Load Growth Projections
PJM reports that the weather-normalized summer peak for 2008 was 
136,315 MW and the projection for the 2009 peak is 134,428 MW, a 1.4 
percent reduction.  In 2010, load growth is expected to return to the 
projected average of 1.7 percent for the next 10 years, with the summer 
peak reaching 2008 levels again in 2011.  The effects of the recession 
can be seen in Figure C-2, which plots summer peak load growth from 
the 2008 and 2009 forecasts for the BGE zone. 

Though PJM does not disaggregate the forecast to the state level, 
it does report some state-level data in the transmission expansion 
plan.  PJM reported in its 2008 Regional Transmission Expansion Plan 
that peak summer load growth rates in zones within Maryland and 
Washington, D.C. are expected to range from 0.9 percent to 2.0 percent 
over the 10-year period through 2018, and peak winter load growth 
rates are expected to range between 0.6 percent and 1.4 percent over 
the 10-year period through 2017/2018.  This is consistent with the 
zonal growth rates from the load forecast.
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Figure C-2 BGE Zone Weather Normalize Summer Peak Load Forecast

Source:  PJM Load Forecast Report, January 2009.
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Table C-3 PJM Summer Peak Load Forecast by Zone (MW)

Year APS BGE DPL Pepco Total
2008 8,432 7,270 4,010 6,930 26,642
2009 8,538 7,303 3,972 6,960 26,773
2010 8,704 7,446 4,002 7,026 27,178
2015 9,487 8,176 4,554 7,512 29,729
2020 10,038 8,913 4,969 7,911 31,831

Source:  PJM 2009 Load Forecast Report, January 2009.

Table C-4 PJM Historic Summer Peak Load (MW) 

Year APS BGE DPL Pepco Total
Change in Total 
Peak Load

2003 8,373 6,822 3,811 6,277 25,283 --
2004 8,348 6,922 3,810 6,391 25,471 0.7%
2005 8,630 7,160 4,070 6,810 26,670 4.7%
2006 8,550 7,350 4,100 6,920 26,920 0.9%
2007 8,620 7,260 4,130 6,950 26,960 0.1%
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Appendix D – Determinants  
of Electricity Demand Growth in 
Maryland

Introduction
PPRP has historically conducted a program of independent electric load forecasts as part 
of its efforts to both monitor the adequacy of future power supplies and to independently 
evaluate the potential for excess generating capacity.  With the restructuring of the retail 
electric industry in Maryland brought about by the enactment of the Maryland Electric Cus-
tomer Choice and Competitive Act of 1999, the preparation of load forecasts (energy sales 
and peak demands) for the individual investor-owned electric utilities operating within 
Maryland is not sufficient to provide the information required to assess the adequacy of 
planned supply.  

Under restructuring, the primary issues relating to power supply affecting Maryland 
consumers are the adequacy of generating capacity and of transmission system capacity.  
The issue of excess generating capacity was of great importance under historical regulatory 
arrangements since captive ratepayers shouldered the cost burden of the excess generating 
capacity.  Under restructuring, ratepayers no longer bear the cost of excess capacity, but 
certain non-monetary costs (e.g., socioeconomic and environmental impacts) are potentially 
imposed on Maryland ratepayers from excess generating capacity.  To assess and monitor 
the sufficiency of generation and transmission capacity, PPRP has modified its load fore-
casting program.  Rather than focusing on the individual electric utilities serving consumers 
in the state, PPRP now forecasts energy requirements and peak demands for the state as a 
whole and for the various regions within the state.  

The PPRP forecast studies, including those historically performed for the service areas of 
the individual utilities as well as the state-wide forecast, use economic theory as the orga-
nizing principle to model the demand for electricity, and rely on econometric methods for 
estimation and projection.  The data that are used to run these models, both historical and 
projected, are comprised of variables assumed a priority to significantly affect the demand 
for electricity.  Economic variables include income, the price of electricity, and employment; 
non-economic variables include population and weather.  Historical information is required 
for estimation purposes, while projected data are necessary to forecast the demand for 
power econometrically.  

This appendix provides an overview of the basic theoretical foundations upon which these 
forecast studies rest, and an analysis of the trends of some of the economic and non-eco-
nomic determinants of the demand for electricity.  The Maryland data presented here 
have been obtained from the Maryland Department of Planning, the Bureau of Economic 
Analysis of the U.S. Department of Commerce, and the Bureau of Labor Statistics of the U.S. 
Department of Labor.  For comparison, some national data are also included.  The national 
data were obtained from the U.S. Departments of Commerce and Labor.

This appendix is composed of five sections.  The following section presents a brief discus-
sion of the theoretical foundations used for modeling the demand for electricity economet-
rically.  This section sets the stage for the rest of the appendix, which examines economic 
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and demographic trends for Maryland by region.  
For purposes of presentation, the state has been 
divided into five regions, as shown in Table D-1.  
These regions correspond to the regional definitions 
used in the PPRP state-wide forecast, but differ from 
those used by the Maryland Department of Plan-
ning.   The section covering the theoretical founda-
tions is followed by a section discussing trends in 
per capita income, which, in turn, is followed by a 
section discussing trends in employment.  Trends 
in population and the number of households follow 
the employment section.  The final section presents a 
brief summary.

Theoretical Foundations for 
Econometrically Modeling the 
Demand for Electricity
The PPRP forecast studies use the economic theory 
of demand as the organizing principle to econometri-
cally model the demand for electricity.  The total 
demand for any good or service, including electricity, 
is simply the sum of the demands of the individual 
consumers in the market.  The portion of market 
demand for residential use of electricity is driven by 
factors to which individual residential consumers are 
sensitive.  Similarly, for the commercial and indus-
trial sectors of the market demand for electricity, the 
factors affecting demand are those to which produc-
ers are sensitive.  

In the case of residential demand, electricity forms 
part of the basket of goods and services purchased 
by the consumer.  The residential demand for elec-

tricity is assumed to result from the exercise of choice by which the consumer maximizes 
his welfare subject to a budget constraint.  Consumer demand for electricity is taken to be 
a function of its price, consumer income, weather, and the price of related commodities 
(i.e., substitutes and complements).  It is important to note that electricity, in and of itself, 
conveys no benefits to the consumer.  Rather, the consumer benefits from the services of 
the stock of appliances that require electricity.  These services include space conditioning, 
refrigeration, cooking, clothes washing and drying, and numerous other services and func-
tions.  Consequently, the demand for electricity can be appropriately viewed as a derived 
demand; that is, it results from the demand for the services provided by electricity-consum-
ing appliances.  

For commercial and industrial customers, electricity is a factor of production, i.e., an input.  
In the PPRP forecast studies, the demand for electricity is assumed to result from decisions 
made by the producer to maximize profits.  For the profit-maximizing producer, demand for 
a commodity (including electricity) is driven by its price, the price of related inputs, and the 
level of output.  Producer demand for electricity is also driven by other factors, including 
weather.  

Both the residential and non-residential demand for electric power are discussed above in 
terms of the individual consumer or producer.  The market demand for electric power, for 

Table D-1 Principal Regions in Maryland

Region Counties Predominant Electric Distribution Utility
Baltimore Anne Arundel Baltimore Gas and Electric Company

Baltimore

Baltimore City

Carroll

Frederick

Harford

Howard

Washington Suburban Montgomery Potomac Electric Power Company

Prince George’s

Southern Maryland Calvert Southern Maryland Electric Cooperative

Charles

St. Mary’s

Western Maryland Allegany Potomac Edison Company

Garrett

Washington

Eastern Shore Caroline Delmarva Power and Choptank Electric

Cecil

Dorchester

Kent

Queen Anne’s

Somerset

Talbot

Wicomico

Worcester
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example, in Maryland or within regions in Maryland, is also dependent on the number of 
consumers (households) and the level of goods and services produced in the region.  Resi-
dential demand is, therefore, forecasted on a per customer basis, which, when multiplied 
by the projected number of residential customers, provides a forecast of total residential 
demand.  Commercial and industrial electric sales are projected per employee, which is then 
multiplied by the number of forecasted employees to project total commercial and industrial 
demand for electricity.  Employment is used in lieu of, and as a proxy for, output since no 
satisfactory time series of output data are available at a suitably disaggregated level.  

Per Capita Income Trends
Income is an important determinant of the residential demand for electricity, and changes 
in income will affect the quantity of electricity purchased.  Changes in income affect electric 
power consumption in two ways.  First, a change in income will induce a change in the 
intensity of use of the existing stock of electricity-consuming appliances.  Second, an income 
change will induce changes in the stock of electricity-consuming appliances.  As income 
changes, therefore, the demand for electricity will rise or fall.  The PPRP forecast studies 
demonstrate a positive and, typically, statistically significant relationship between income 
and the residential demand for electricity.  

The PPRP forecast studies (the historical service area forecasts as well as the state-wide 
forecasts conducted following industry restructuring) use real (i.e., inflation adjusted) per 
capita income as an explanatory variable.  Real per capita income figures are reported in 
Table D-2 for the Maryland regions defined in Table D-1.  Table D-2 summarizes historical 
and projected data as well as average annual growth rates for the period 1990 through 2015.  
As shown by the historical data, 
all regions within the state, with 
the exception of Western Mary-
land, experienced a substantial 
slowing in the growth of real per 
capita income during the 2000 
to 2005 period in comparison to 
the 1990 to 2000 period.  For the 
state as a whole, growth in real 
per capita income declined to 1.73 
percent per year between 2000 
and 2005, compared to an average 
annual growth rate of 1.90 percent 
between 1990 and 2000.  The 
projections for the 2005 to 2015 
period are generally lower than the rates experienced during the 1990 to 2000 period and 
comparable to rates during the 2000 to 2005 period.  Between 2005 and 2015, real per capita 
income is expected to increase at an average annual rate of 1.70 percent for the state as a 
whole.  The most rapid increase in real per capita income is expected in the Western Mary-
land region (2.14 percent per year), with the slowest growth over the 2005 to 2015 period 
projected for the Washington suburban region (1.50 percent per year).

Employment Trends
The non-residential demand for electricity is largely driven by the level of output.  The 
PPRP forecast studies, however, do not use output as an explanatory variable because 
quarterly output data at the county level are not available on a consistent basis.  Hence, a 
proxy for output must be used.  Non-farm employment has typically been relied upon for 
this purpose.  It is a sound alternative and it is not subject to data consistency problems.  

Table D-2 Historical and Projected Per Capita Income for 
Maryland, 1990-2015 (Dollars)

Region

Annual Rate of Growth

1990 2000 2005 2015 1990-2000 2000-2005 2005-2015
State of Maryland $28,389 $34,261 $37,331 $44,174 1.90% 1.73% 1.70%

Baltimore $27,082 $33,281 $36,692 $43,778 2.08% 1.97% 1.78%

Washington Suburban $33,172 $38,987 $42,150 $48,903 1.63% 1.57% 1.50%

Southern Maryland $24,848 $30,375 $31,998 $39,385 2.03% 1.05% 2.10%

Western Maryland $19,485 $23,399 $25,305 $31,276 1.85% 1.58% 2.14%

Eastern Shore $22,714 $27,371 $29,727 $35,949 1.88% 1.66% 1.92%

Prepared by the Maryland Department of Planning, Planning Data Services, February 2009.   
Historical data, 1970 - 2000 from the U.S. Bureau of Economic Analysis.
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Employment data by major employment sector are reported in Table D-3.  

Table D-3 reports historical employment for Maryland for 1990 and 2000 and projected 
employment for 2005, 2010, and 2015.  As shown in Table D-3, every region of the state is 
expected to experience employment growth.  Growth is projected to be most rapid in the 
Southern Maryland region and slowest in Baltimore, which is consistent with recent histori-
cal relationships.  For the state as a whole, average annual growth in employment for the 
2005 to 2015 period is expected to be slightly higher than the growth over the 2000 to 2005 
period (1.00 percent per year compared to 0.87 percent).  Growth in employment for all of 
the regions in Maryland during the 2005 to 2015 period is projected to be higher than expe-
rienced during the 1990’s, with the exception of Southern Maryland and Western Maryland.  

The current economic downturn is likely to greatly affect employment, as well as energy 
consumption, in 2009 and 2010.  Maryland’s unemployment rate rose from 3.7 percent in 
February 2008 to 6.7 percent in February 2009.  Manufacturing output is likely to decline in 
Maryland as well, with a resultant energy usage by commercial and industrial customers 
below prior expectations.

Population Trends
Population is an important causal variable in the PPRP electricity consumption forecast 
models because population trends are used to project the number of residential customers.  
Two demographic concepts closely related to population are the number of households and 
average household size.  These concepts can be important since the number of households 
affects the number of residential customers purchasing electricity, and changes in average 
household size can affect usage per customer.  Population growth and the rate of household 
formation are closely related, and both affect the residential use of electricity.  Increases in 
population lead to increases in the number of households (and hence residential custom-
ers) although rates of change need not coincide due to changes in the size of households.  
Population and household data are reported in Tables D-4 and D-5.

Population data at regional and state levels are reported in Table D-4.  The table summa-
rizes historical and projected data, as well as average annual rates of growth for the period 
1990 through 2015.  The rates of growth in population have been positive since 1990 for 
every region of Maryland.  Between 1990 and 2005, population growth in Maryland has 
been 1.03 percent per year on average.  The growth in population for the state is projected 
to slow to approximately 0.71 percent between 2005 and 2010, before rising again to 1.04 
percent from 2010 to 2015.  The pattern of slowing growth from 1990 to 2005 for the state 
as a whole also characterizes the expected pattern of growth in four of the five separate 
regions.  The exception is Western Maryland, where growth in population increased at an 
average annual rate of 0.54 percent between 1990 and 2005 compared to an expected aver-

Table D-3 Historical and Projected Employment for Maryland, 1990–2015 (Thousands)

Region

Total Labor Force Annual Rate of Growth

1990 2000 2005 2010 2015 1990-2000 2000-2005 2005-2015
State of Maryland 2,639,896 2,769,525 2,892,140 3,027,210 3,193,640 0.48% 0.87% 1.00%

Baltimore 1,258,417 1,291,461 1,331,770 1,384,210 1,442,500 0.26% 0.62% 0.80%

Washington Suburban 974,337 1,015,394 1,060,960 1,109,090 1,172,420 0.41% 0.88% 1.00%

Southern Maryland 125,680 150,356 169,250 182,490 200,450 1.81% 2.40% 1.71%

Western Maryland 104,508 110,562 114,600 120,090 128,050 0.56% 0.72% 1.12%

Eastern Shore 176,954 201,752 215,560 231,330 250,220 1.32% 1.33% 1.50%

Source:  Maryland Department of Planning, Planning Data Services, February 2009.
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age annual growth of 0.88 
percent between 2005 and 
2015.  Western Maryland 
population represents 
about 4 percent of total 
state population.  Conse-
quently, the population 
growth rate trend for this 
region does not significant-
ly affect the trend expected 
for the state as a whole.  

Projected population 
growth in the Baltimore 
is expected to become the 
lowest in the state between 
2005 and 2015 due to the expected change in growth in Western Maryland.  Between 1995 
and 2005, population in the Baltimore region grew at an average annual rate of 0.69 percent; 
the growth rate is projected to remain similar over the 2005 to 2015 period averaging about 
0.66 percent per year.

As suggested by the discussion of population growth in Western Maryland and the Balti-
more region, the rates of growth in population are uneven across the state.  Historically, the 
largest growth rates were reported for Southern Maryland and the smallest rates for West-
ern Maryland.  Between 1990 and 2000, the population growth rate for Southern Maryland 
was approximately four times that of Western Maryland.  While disparities are expected to 
continue, it is anticipated that there will be a narrowing of the growth rate differentials over 
the 2005 to 2015 period compared to the earlier period.

Table D-4 Historical and Projected Population for Maryland,  
1990-2015 (Thousands)

Region

Annual Rate of Growth

1990 2000 2005 2015 1990-2000 2000-2005 2005-2015

State of Maryland 4,781 5,296 5,577 6,087 1.03% 1.04% 0.88%

Baltimore 2,348 2,512 2,602 2,780 0.68% 0.71% 0.66%

Washington Suburban 1,636 1,870 1,989 2,180 1.35% 1.24% 0.92%

Southern Maryland 229 281 320 376 2.10% 2.58% 1.63%

Western Maryland 224 237 243 266 0.53% 0.55% 0.88%

Eastern Shore 344 396 423 485 1.42% 1.35% 1.37%
Prepared by the Maryland Department of Planning, Planning Data Services, May 2004.

Table D-5 Historical and Projected Number of Households and 
Average Size of Households in Maryland, 1990-2015

Region

Annual Rate of Growth

1990 2000 2005 2015 1990-2000 2000-2005 2005-2015

NUMBER OF HOUSEHOLDS (THOUSANDS)

State of Maryland 1,749 1,981 2,098 2,194 1.25% 1.16% 1.09%

Baltimore 868 959 997 1,038 1.00% 0.79% 0.93%

Washington Suburban 593 681 728 759 1.40% 1.35% 1.05%

Southern Maryland 75 98 112 122 2.63% 2.83% 1.94%

Western Maryland 85 91 95 98 0.69% 0.91% 0.98%

Eastern Shore 129 153 165 177 1.73% 1.62% 1.58%

AVERAGE HOUSEHOLD SIZE

State of Maryland 2.67 2.61 2.59 2.53 -0.24% -0.13% -0.22%

Baltimore 2.64 2.55 2.54 2.47 -0.35% -0.11% -0.28%

Washington Suburban 2.71 2.70 2.68 2.64 -0.05% -0.13% -0.14%

Southern Maryland 2.97 2.83 2.80 2.71 -0.50% -0.24% -0.31%

Western Maryland 2.52 2.44 2.40 2.36 -0.34% -0.34% -0.14%

Eastern Shore 2.58 2.51 2.47 2.42 -0.29% -0.29% -0.21%
Prepared by the Maryland Department of Planning, Planning Data Services, May 2004.  Projections for the Baltimore 
Region based on Round 6A from the Baltimore Metropolitan Council of Government’s Cooperative Forecasting Committee.  
Projections for the Washington Suburban and Southern Maryland Regions based on Round 6.4 of the Metropolitan Council of 
Government’s Cooperative Forecasting Committee. 
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Household data for the state and for regions within the state are shown in Table D-5.  The 
table shows a summary of historical and projected data, as well as average annual rates 
of growth for the period 1990 through 2015.  Average annual growth for the state in the 
number of households was 1.25 percent between 1990 and 2000, declined to 1.16 percent 
between 2000 and 2005, and is expected to further decline to approximately 1.09 percent 
through 2015.  Southern Maryland is expected to experience the greatest slowing of growth, 
from 2.58 percent between 2000 and 2005 to 1.94 percent from 2005 to 2015.  Nevertheless, 
Southern Maryland is projected to have the most rapid growth in the number of households 
in the state between 2005 and 2015.  

Since 1990, household size in each of the five Maryland regions has been declining, and the 
decline is forecasted to continue through 2015.  For the state, the average household size 
was 2.67 people in 1990, declined to 2.61 in 2000 (representing an average rate of decline of 
about 0.24 percent per year) and further declined to 2.59 in 2005 (a decline of 0.13 percent 
per year, on average, compared to 2000).  The rate of decline is expected to be approximate-
ly 0.22 percent per year between 2005 and 2015.  The largest declines in average household 
size are projected for Southern Maryland and the smallest for Western Maryland.

Summary
This appendix provides a review of the theoretical foundations used for modeling the 
demand for electricity econometrically in the PPRP forecast studies.  In doing so, emphasis 
is placed on some of the key determinants of the demand for electric power.  The determi-
nants of demand are classified into residential and non-residential, as well as into economic 
and non-economic for purposes of exposition.  Per capita income is an explanatory econom-
ic variable that influences the residential demand for electricity; population, the number of 
households, and average household size are non-economic explanatory variables affect-
ing residential electricity consumption.  This appendix also shows trends in employment, 
which affect the non-residential demand for electricity.  Selected data on these determinants 
of demand are reported and trend analyses presented.  The broad conclusion to emerge 
from these trends is that the demand for electricity should continue to grow in Maryland.




